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VISION

To ensure that the Diploma Level Technical Education constantly matches the latest
requirement®f technologyandindustryandincludesthe all-roundpersonablevelopmenof
students including social concerns and to become globally competitive, technology led

organization.
MISSION

To provide high quality technical and managerial manpower, information and consultancy
services to the industry and community to enable the indasd community to face the

changing technological and environmental challenges.

QUALITY POLICY

We, at MSBTE, are committed to offer the bstlass academic services to the students and
institutes to enhance the delight of industry and society. THisbe achieved through
continual improvement in management practices adopted in the process of curriculum design,
development, implementation evaluation and monitoring system alongddttuate faculty

development Programs

CORE VALUES

MSBTE believesn thefollowings:

A Skill developmenin line with industryrequirements.

A Industryreadinessindimprovedemployabilityof Diplomaholders.
A Synergistiaelationship withindustry.

A Collectiveandcooperativelevelopmentf all stakeholders.

A Technologicalnterventionsn societaldevelopment.

A Accesgo uniform quality technicaleducation.
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VLSI Applications (316340)

Preface

The primary focus of any engineering laboratory/field work in the technical education
system is to develop the muokeded industry relevant competencies and skills. With thigeim,
MSBTE embarked on this innovative O0KGO6 Scheme
outcome based education as the focus and accordingly, a relatively large aofaune is allotted
for the practical work. This displays the great importasfdaboratory work, makingachteacher,
instructorandstudentealizethateveryminuteof thelaboratorytime needdo be effectively utilized
to develop these outcomes, rather than doing other mundane activities. Therefore, for the successfu
implementation of this outcord@ased curriculum, every practichls been designed to serve as a
0 v e h io ddvedop this industry identified competency in every student. The practical skills are
di fficult to devel op t hthedaagshoondsituateon. Accoadmgly, thheu s t
OK6 scheme | aboratory manual ddocusbndhpooteomés t e a
rather than the traditional agel d pr acti ce of ¢ on duhcet itnhge oprryadc
may become a bypduct along the way).

This laboratory manual is designed to help all stakeholders, especially the students, teachers
and instructors to develop in the student the predetermined outcomes. It is expected from each
student that at least a day in advancey tieve to thoroughly read through the concerned practical
procedure that they will do the next day and understand the minimum theoretical background
associated with the practical. Every practical in this manual begins by identifying the competency,
industry relevant skillscourseoutcomesandpracticaloutcomesvhich serveasakey focalpointfor
doingthepractical. The students will then become aware about the skills they will achieve through
the procedurshown there and necessangcautions to be taken, which will help them to apply in
solving realworld problems in their professional life.

This manual also provides guidelines to teachers and instructors to effectively facilitate
studentcentered lab activities through each piaattexercise by arranging and managing necessary
resourcesn orderthatthe studentdollow the procedures angrecautionsystematically ensuring
the achievement of outcomes in the students.

VLSI (Very Large Scale Integration) technology plays a pivotdd in the design and
development of modern electronic systems, enabling the integration of millions of transistors onto
a single chip. It forms the foundation of advanced processors, memory devices, digital circuits, and
systemon-chip (SoC) architectess used in computing, communication, automation, and consumer
electronics. Understanding the principles of MOS devices, CMOS technology, digital logic design,
and chiplevel implementation is essential for aspiring engineers in the fields of electronics,
communication, and embedded systems.

Although best possible care has been taken to check for errors (if any) in this laboratory
manual, perfection may elude us as this is the first edition of this manual. Any errors and suggestions
for improvement are solted and highly welcome.

Maharashtra State Boaofl TechnicalEducation i
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Program Outcomes(POs)

Followingprogram outcomeareexpectedo beachievedhroughthe practicalof the course.

PO1: Basic and Discipline specific knowledgeApply knowledge of basic mathematics,
science and engineering fundamentals and engineering specialization to solve the broad
based Electronics Engineering group program problems.

PO2: Problem analysis Identify and analyzevell-defined Electronics Engineerirgroup
programproblems using codified standard methods.

PO3: Design/ development of solutiondDesign solutions fobroadlydefined technical
problems and assist with the design of Electronics Enginegrimgp progranmsystems
components or processes to meet specified needs.

PO4: Engineering Tools, Experimentation and Testing Apply modern Electronic
Engineering group progratools and appropriate technique to conduct standard tests and
measurements.

PO5: Engineering practices for society, sustainability and environment:Apply
appropriate Electronics Engineering group program technology in context of society,
sustainability, emronment and ethical practices.

POG6: Project Management:Use Electronics Engineering group program management
principles individually, as a team member or a leader to manage projects and effectively
communicate about weltlefined engineering activities.

PO7: Life-long learning: Ability to analyze individual needs and engage in updating in
the context of Electronics Engineering group program technological changes.

Maharashtra State Boaofi TechnicalEducation ii
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List of Industry RelevanceSkills

The aim of this course is to attendiéeVing industry/employer excepted outcome through
various teaching learning experiences:

A Develop VLStbased electronic circuit/component using VHDL

A Ability to write, simulate,and debughardwaredescriptionlanguageprogramsessential
for FPGA/CPLD design and ASIC development.

A Usingtoolslike Xilinx ISE,Vivado, ModelSimto verify designcorrectnesgefore hardware
implementatiori a Key step in professional VLSI workflows.

A Handson experienceprogrammingand testing designson FPGA/CPLD trainer kits
bridges the gap between simulation and real hardware.

Maharashtra State Boaofi TechnicalEducation iii
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Practical - CourseOQutcomematrix

CourseLevelLearning Outcomes(COs)

COL1- InterprelCMOStechnologycircuitsandts applications.
CO2- Developdigital circuitson CPLD andFPGAdevices
CO3- Use VHDL to develop and test digital circuits.
COA4- DevelopVHDL programfor givenapplication.

CO5- InterpretvHDL simulatiorandsynthesis

Sr. ) . CO | CO | CO CO (6{0)
Title of the Practical
No. 1 2 3 4 5
*|dentificationof internalblock andpin configurationof FPGA
1. | andCPLD - N . ]
5 *Installationof EDA tool andtherelevantibrariesfor VLSI
" | code development - - N - -
3 *DevelopVHDL codefor basicanduniversalgatefor dataflow
" | model - - N - -
DevelopVHDL codefor basicanduniversalgatefor behaviora
4. | model - ) N | - ]
5 *Realizethehalf andfull Adderon FPGAboard
. - - N - -
5 *RealizetheMultiplexeron FPGAboard
. ) ) N ) )
Realizethe De-multiplexeron FPGAboard
7. - N - -
Design4:2 encodeon FPGAboard
8. . - N ; -
9 Design3:8decodeion FPGAboard
. - - N - -
*RealizetheD andT flipflop on FPGAboard
10. - - N - -
DesignComparatoon FPGAboard
11. ) ] N | - ;
DesignUp Counteron FPGAboard
12. - - N - -
DesignSynchronougsounteron FPGAboard
13. - ; N - -
14 Designbinaryto graycodeconvertercircuit usingFPGAboard
. - - N - -
*Designdigital to analogconverte(DAC) usingFPGAboard
15. ] ; N ;
*DesignsteppemotorControllerusingFPGAboard
16. R - - - N
Designof 4-bit ALU/ sequenceetectousingFPGAboard
17. } ) } 3 N
Maharashtra State Boaofl TechnicalEducation iv




VLSI Applications (316340)

Guidelinesto Teachers

1. Teachershould provide the guideline with demonstrationof practical to the students
with all features.

2. Teacheshallexplain priorconceptgo the studentdeforestartingof eachpractical.

3. Involve studentsn the performancef eachexperiment.

4. Teachershouldensurethat the respectiveskills and competenciesre developedn the
students after the completion of the practical exercise.

5. Teachersshould give opportunitiesto studentsfor handson experienceafter the
demonstration.

6. Teacheis expectedo sharetheskills andcompetencieto bedevelopedn the students.

7. Teachermay provide additional knowledgeand skills to the studentseventhough not
covered in the manual but are expected of the students by the industry.

8. Finally give practicalassignmentandassesshe performanceof studentdasedon tasks
assigned to check whether it is as per the instructions.

9. Teacheris expectedto refer complete curriculum documentand follow guidelines
for implementation

10. At the beginningof the practicalwhich is basedon the simulation,teachershould make
the students acquainted witbquiredsimulation software environment.

11.Teachers should use the projector/smart board effectively by preparing materials in
advance, ensuring clear visibility, engaging studeriésactively, and maintaining proper
digital discipline and equipment safety.

Instructions for Students

1. Listen carefully to the lecture given by the teacherabout course,curriculum, learning
structure, skills to be developed.

2. Organizehework in thegroup andnakearecordof all observations.

3. Dothecalculations anglot thegraphwherever itis requiredin the practical
4. Studentshalldevelopmaintenancand safetyskills asexpectedy industries.
5. Studenshallattemptto developrelatedhandon skills andgainconfidence.

6. Studentshall developthe habitsof evolving more ideas,innovations,skills etc. those
included in scope of manual

7. Studenshoulddevelopthe habitto submitthe practical ordateandtime.

8. Studenshouldpreparavell while submittinga write-up of exercise.

Maharashtra State Boaofl TechnicalEducation \Y;
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ContentPage
Listof P r _a c t and RrdgréssiveAssessmenSheet
Dated
Sr. Title of th iical Page Date of Date of Asrsne:rskrgen g?n Remarks
itle of the practica isSi i
No. Y No. | performance | submission (25) teache (if any)
r
1 * [dentificationof internalblock andpin 1
configuration of FPGAndCPLD
2 *Installationof EDA tool andtherelevant 8
libraries for VLSI code development
*DevelopVHDL codefor basicanduniversal
3 17
gate for data flow model
DevelopVHDL codefor basicanduniversal
4 . 33
gate for behavioral model
*Realizethehalf andfull Adderon FPGA
5 41
board
6 \RealizetheMultiplexer on FPGAboard 52
7 RRealizethe De-multiplexeron FPGAboard | o1
8 Lo 71
Design4:2 encodeon FPGAboard
9 . 80
Design3:8decodeion FPGAboard
10 *Realizethe D andT flipflop onFPGAboard 91
11 [DesignComparatoon FPGAboard 104
12 |DesignUp Counteron FPGAboard 112
13 |DesignSynchronousounteronFPGAboard | 124
14 Designbinaryto graycodeconvertercircuit 139
using FPGA board
15 *Designdigital to analogconverte(DAC) 151
using FPGA board
P :
16 DesignsteppemotorControllerusingFPGA 163
board
17 Designof 4-bit ALU/ sequenceletectomusing 175
FPGA board
Total
Note: Out of abovesuggestivd_LOs T
1 ™ MarkedP r a c t(LL@spArednandatory.
1 Minimum 80%of abovdist of lab experimentareto be performed.
T Judicialmix of LLOs areto beperformedo achievedesirecoutcomes.
Maharashtra State Boaofl TechnicalEducation Vi
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Practical No.1: *Identification of internal block and pin configuration of FPGA

Vi

and CPLD

Practical Significance

A Field Programmablé&ateArray (FPGA) is areconfigurableligital deviceconsistingof an

array of logic cells and programmable interconnects, all of which are fully controlled by the
user. This flexibility allows designers to implement, modify, and optimizeadigircuits
according to specific application requirements. Similarly, a Complex Programmable Logic
Device(CPLD)is anintegratectircuit usedto designandimplementdigital hardwaresystems
suchas thosefoundin mobile devicesand embeddedapplicationsThrough thigractical,
students will gain hanesn experience in identifying various functional blocks, architecture,
and pin configurations of FPGA and CPLD, thereby understanding their roles in digital system
design.

Industry/Employer Expected Outcome

The aim of this courseis to attendfollowing industry/employeexceptedoutcome
through various teaching learning experiences:

i D e v ¥USbhasecdelectroniccircuit/componenusingV HDL . 0

CourseLevel Learning Outcome
Developdigital circuitson CPLD andFPGAdevices.

Laboratory Learning Outcomes

1 LLO 1.1ldentify variousblocksof FPFGAandCPLD.
1 LLO 1.2Testthefunctionalityof variouspinsof FPGAandCPLD.

Relevant Affective Domain related outcomes

1 Demonstratén exploringandimplementingdigital circuitsusingCPLD andFPGA
platforms.

1 Practicegoodhousekeeping.

1 Exhibit responsibilitywhile handlingprogrammabléogic devicesandrelatedlaboratory
equipment.

RelevantTheoretical Background

Field-programmable gate array (FPGAK field-programmable gate array (FPGA) is an
integratectircuit designed to beonfigured by a customer a designer aftemanufacturing,
hencé'field-programmable"TheFPGAconfigurationis generallyspecifiedusingahardware
description languag@DL), similar to that used for an applicatigpecific integrated circuit
(ASIC) (circuit diagrams were previously used to specify the configuration, as they were for
ASICs, but this is increasingly rare).

FPGAs contain mgrammable logic components called "logic blocks", and a hierarchy of
reconfigurable interconnects that allow the blocks to be "wired togethesmewhat like
many logic gates that can be int@ired in different configurations. Logic blocks can be
configured to perform complex combinational functions, or merely simple logic gates like
AND andXOR. In most FPGAsthelogic blocksalsoincludememoryelementsyhich may

be simple flipflops or more complex blocks of memory

Maharashtr&tateBoardOf TechnicalEducation 1
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Complex Programmable Logic Device (CPLD)A Complex Programmable Logic Device
(CPLD)is a combination of a fully programmable AND/OR array and a bamkiafcells.

The AND/OR array is reprogrammable and can perform a multitude of logic functions.
Microcellsarefunctionalblocksthatperformcombinatoriabr sequentialogic, andalsohave

the added flexibility for true or complement, along witlried feedback paths

Vi a. Suggestedlock diagram:

[Inputmutput Blocks ]

EEEAHEBEE

T

Programmable ‘

& Interconnect

Fig. no.1.1Block diagramof FPGADevelopmenboard

L'O Block
4 4+ & 4+
v » v ¥
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L'O Block

Fig. no.1.2Block Diagramof CPLD
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b. Actual block diagram usedin laboratory with related equipmentrating.
1 CPLD Developmentboard:

1 FPGA Developmentboard:

Maharashtr&tateBoardOf TechnicalEducation
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VIII  Required Resources/apparatus/equipmentvith specifications
Tablel.1RequiredResources
Instrument / e .
S.N. Components Specification Quantity
Device:Xilinx FPGA(XC3S400PQ208),0rboard
+5V, +3.3V, +2.5V supply to FPGAndother
1 | FPGADevelopment | hardware circuit., On board, 2 Crystal 8Médzd 1 No
kit 25MHz. . JTAG Interface(BoundaryScan),PROM '
Interface(XCF02S),4(in, 4 headerconnectoifor
external 1/0's
Personatomputemwith latestconfiguration.
2 | DesktopPC Loadedwith opensourcelDE, simulationand 1 No.
program downloading software, UPS and
Antivirus.
CPLD DevelopmenBoard(e.g.,Xilinx XC9500,Altera
3 |CPLD MAX7000, ,Power Supply (5V / 3.3V), Connecting
Wires / Jumpers
IX Precautionsto be followed
1. Do notpowerup thedevelopmenboardwhenidentifying the component®n the board.
2. Referdatasheetdor the givendevelopmenboard.
X Procedure

71 Placethekit on theESDmatand connechothingto it. Inspecttheboardvisually.

1 Locateandnotelabelsprintedon PCB:deviceparthumberJTAGheaderyYCC/VCCIO pins,
GND, CLK, LED groups, switches. Photocopy or take a photo of the board labels for tt
record.

1 Findtheboa r doidiait silkscreenand comparewith the devicedatasheetind boarduser
manual. Note any discrepancies.

1 With poweroff, usethe multimeterin continuitymodeto confirm groundplane:probe board
GND silkscreen and oth&ND points (e.g.connector shell). Record locations.

1 Identify VCC, VCCIO, VCCINT pins from datasheet / silkscreen. With power off, do not
apply any voltagechecksbeyondcontinuity. Documentthe supply voltagesrequired (e.qg.,
3.3V, 2.5V).

Xl Resources
Tablel.2Resources
S(r). Name of Resource Specifications Quantity
1
2
3

Maharashtr&tateBoardOf TechnicalEducation
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XII Actual Procedure
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Xl Observation Table
Observethe pin outdiagram for-PGA andgive thefunctionsof following pins:

> O D D D
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Tablel.3 Functionsof FPGATrainerKit pins

> d D D O

[N

> O D D D

[N

> d D D O

[N

Sr No

Pins

Functions

JTAG

DCI

DUAL

VCCO

GCLK

Tablel:4 Functionsof CPLD TrainerKit pins

@

Pins

Functions

VCC

GND

I/0O Pins

CLK

RESET

JTAG

OE (OutputEnable)

TDI/TDO/TMS /TCK

VCCINT / VCCIO

Z
B5lo| © |[Njojusw MR E

GCLK

> O D D D

[N

> D D D O

[N
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XIV  Result:
dééééeéécececeeceececececeeceeeceeeeceeeceeeeeece
ééeééeéececéeceececeeeceeeceeeceeeeeeeeeee

XV  Interpretation of results:
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XVI Conclusionand recommendation:
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XVII  Practical related questions
Note: Below given are few samplequestionsfor reference.Teachermust design more
suchquestions so as to ensure the achievementidéntified CO.

1.
2.
3.

MD D D D DN D D D D D D D DN D DN D D DN D DN D

Explainthe proces®f assigningnput andoutputpinsin CPLD/FPGAdevices.

Describeheprocedurausedto testthefunctionality of variouspinsof FPGA/CPLD.

Give onereallife examplenhereFPGA/CPLDis used.

[Space for Answers] (If required attach separate page)

@ D D D D D D D D D D Dy D Dy D D D Dy Dy Dy D
M M D~ D~ D Dy Dy Dy D Dy Dy Dy Dy Dy Dy Dy Dy D Dy Dy D
@ D D D D D D D D D D Dy D Dy D D D Dy Dy Dy D
M My D D~ Dy Dy Dy Dy D Dy Dy Dy Dy Dy Dy Dy Dy D Dy Dy D
D D D D D D D D D D D Dy D Dy D D D Dy Dy Dy D
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D D D D D D D D D D D Dy D Dy D D D Dy Dy Dy D
D D D D D D D D D D D Dy D Dy D D D Dy Dy Dy D
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M D D D~ D Dy Dy Dy D Dy Dy Dy Dy Dy Dy Dy Dy D Dy Dy D
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XVIII References/Suggestiorter further reading
Tablel:5 References

iro. Link / Portal Description
https://www.youtube.com/watch?v=gCAYY0fHRot=329 | NPTELUTKharagputecture
1 S 60: PAL, PLA, CPLD, FPGA
CPLDatasheeXilinxDS054XC9500XHighPerformance | XC9500XHighPerformance
2 CPLD Family Dagheet, Data Sheet CPLD
FamilyDataSheet
FPGMatasheet 3 A {3 5AGAaNdSoCS Series I 3 A {36AGAaNdSoCS
3 Product Table Series Product Table
XIX AssessmenScheme
Performancelndicators Weightage
ProcessRelated: 15 Marks 60 %
1 | Handlingof thecomponents 10%
2 | Identificationof components 20%
3 | Connectiondetweerthe components 20%
4 | workingin teams 10%
Product Related: 10 Marks 40%
5 | Interpretatiorof result 10%
6 | Conclusion 10%
7 | Practicalrelatedquestions 15%
8 | Submittingthe journal intime 5%
Total ( 25 Marks) 100%
Marks Obtained Dated signature of Teachel
ProcesRelated | Product Related Total
(15) (10) (25)

Maharashtr&tateBoardOf TechnicalEducation 7
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Practical No.2: *Installation of EDA tool and the relevant libraries for VLSI code

Vi

VIi

development

Practical Significance

The Electronic Design Automation (EDA) industry develops software to support engimeers
the creation of new integrataitrcuit (IC) designs. Due to thagh complexity of modern
designs, EDA facilitates almost every aspect of the IC design flow, frormldaghsystem
designto fabrication.EDA addressed e s i gheedsat muitiple levelsof electronicsystem
hierarchy, including integrated circuits (ICs)ulti-chip modules (MCMs), and printed circuit
boards (PCBs). This practical develop skill for EBAftware tools installation

Industry/Employer ExpectedOutcome

The aim of this courseis to attendfollowing industry/employeexceptedoutcome
through various teaching learning experiences:

A D e v ¥lUSbhasecelectroniccircuit/componentisingV HDL . 0

CourselLevel Learning Outcome
Developdigital circuitson CPLD andFPGAdevices.

Laboratory Learning Outcomes

1 LLO 2.1InstallrelevantEDA (such asXilinx software)tool for VHDL.
9 LLO 2.2ChecktheVHDL librariesinstalledin VHDL environment.

Relevant Affective Domain related outcomes
1 Maintainaccuracyandattentionto detailwhile checkingvVHDL libraries.
1 Exhibit willingnessandcuriosityto explorenewEDA toolsandVHDL environments.

1 Followsgoodlab practicesrespectdicensingterms,andpromotegesponsiblesoftware
handling.

RelevantTheoretical Background

Xilinx ISE (IntegratedSynthesisEnvironment)is a software tool produced I¥ilinx for
synthesis and analysisidDL designs, enabling the developesymthesiz€"compile”) their
designs, perforntiming analysis examineRTL diagrams, simulate a design's reaction to
different stimuli, and configure the target device withghggrammer

Xilinx ISE is a design environment for FPGA products from Xilinx, and is tigbwypled

to the architecture of such chips, and cannot be used with FPGA products from other vendors
The Xilinx ISE is primarily used for circuit synthesis and design, while ISIM oMobéel

Sim logic simulator is used for systelevel testing.Other components shipped with the
Xilinx ISE includethe Embedded Development Kit (EDK), a Software Development Kit
(SDK) and Chip Scope Pro.

Suggestedlock diagram: ------- NA -------
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VIII  Required Resources/apparatus/equipmentvith specifications
Table2.1 RequiredResources

Instrument / e ,
No Components Specification Quantity
1 DesktopPC Pgrsonal computer Wlth_ Iatest_ configuration. Loa 01
with opensource IDE, simulation and program
downloading software, UPS and Antivirus.

IX Precautionsto befollowed

Follow stepsn sequence texecutesystemproperly.

X Procedure

Stepsfor installing Xilinx Software (EDA Tool)
1. Click onthe setugile to install Xilinx GUI icon

(&

® Welcome
’ t:_ ll | We are glad you've chosen Xilinx as your platform development partner. This program will install ISE
\ . H"‘I, | design environment, Software development kit or Lab tools.

You will need to have administrator privileges in order to install this software on Windows operating
systems.

For the product you select to install, we recommend that you identify a directory that does not
contain an older installation of the same product version.

Note - To reduce installation time, we recommend that you disable any anti-virus software before
continuing.

ISE 14.7 Installer

-> Welcome
Accept License Agreements
Select Products to Install
Select Installation Options
Select Destination Directory
Installation

Copyright (c) 19952013 Xilirs, Inc. All rights
reserved.

XILINK, the iinx logo and other designated
brands inchaded hersin are trademarks of Xilink,
Inc. All other pademarks are the property of
their respective owners.

MNext > | Cancel

Fig. no.2.1: Xilinx InstallerWelcomeScreen.

2. Click nextontheXilinx Agreementvindow.
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Accept License Agreements (1 of 2)

Please read the following terms and conditions and click the checkbox below it to indicate that you
accept and agree.

XILINX, INC. ﬂ
END USER LICENSE AGREEMENT

CAREFULLY READ THIS END USER LICENSE AGREEMENT ("AGREEMENT"). BY CLICKING THE
"ACCEPT" OR "AGREE" BUTTON, OR OTHERWISE ACCESSING, DOWNLOADING, INSTALLING OR
USING THE SOFTWARE, YOU AGREE ON BEHALF OF LICENSEE TO BE BOUND BY THIS
AGREEMENT.

ISE 14.7 Installer IF LICENSEE DOES NOT AGREE TOALL OF THE TERMS AND CONDITIONS OF THIS AGREEMENT,
DO NOT CLICK THE "ACCEPT" OR "AGREE" BUTTON OR ACCESS, DOWNLOAD, INSTALL OR USE
Welcome THE SOFTWARE; AND IF LICENSEE HAS ALREADY OBTAINED THE SOFTWARE FROMAN

.y L Ag AUTHORIZED SOURCE, PROMPTLY RETURN IT FOR A REFUND.

Select Products to Install 1. Definitions
Select Installation Options
Select Destination Directory “Authorization Codes” means any FLEXIm li key, li file, li manager, dongle or other
Installation key, code or information issued by (or on behalf of) Xilinx that is necessary to download, install, operate
and/or regulate User access to the applicable Software.

=l
¥ Iaccept and agree to the terms and conditions above

¥ 1also accept and agree to the following terms and conditions

1 also confirm that I have read Section 13 of the terms and conditions above concerning WebTalk and have been afforded
Gonyriht (c) 1585-2013 . Inc. AN rights the oppartunity to read the WebTalk FAQ posted at http: //www.xdlinx.com/ise fivebtalk/. Tunderstand that I am able to
xmux. the Y logo and cther designated disable WebTalk later if certain criteria described in Section 13(c) apply. If they don't apply, I can disable WebTalk by
beands inchoded harein are wademacks of iine, UNINstaling the Software or using the Software on a machine not connected to the internet. IfI fail to satisfy the
Irc. All other rademarks are the propenty of applicable criteria or if I fail to take the applicable steps to prevent such transmission of information, I agree to allow Xilinx
their respactive owners. to collect the information described in Section 13(a) for the purposes described in Section 13(b).

<sak || net> | cance

Fig. no.2.2a: Xilinx LicenseAgreementindow

@ Accept License Agreements (2 of 2)

Flease read the following terms and conditions and click the checkbox below it to indicate that you
accept and agree.

CAREFULLY READ THIS COLLECTION OF INFORMATION AND LICENSE AGREEMENTS. BY -+
CLICKING THE "ACCEPT™ OR "AGREE™ BUTTON, OR OTHERWISE ACCESSING, DOWNLOADING,
INSTALLING OR USING THE SOFTWARE, YOU AGREE ON BEHALF OF LICEMSEE TO BE BOUND BY
THIS INFORMATION AND LICENSE AGREEMENTS (TO THE EXTENT APPLICABLE TO THE SPECIFIC
SOFTWARE YOU OBTAIN AND THE SPECIFIC MANMER IN WHICH YOU USE SUCH SOFTWARE).

SUITE

IF LICENSEE DOES NOTAGREE TOALL OF THE INFORMATION AND LICENSE AGREEMENTS
BELOW, DO NOT CLICK THE "ACCEPT  OR "AGREE"™ BUTTOM OR ACCESS, DOWNLOAD, INSTALL
OR USE THE SOFTWARE; AND IF LICENSEE HAS ALREADY OBTAINED THE SOFTWARE FROM AN
AUTHORIZED SOURCE, PROMPTLY RETURN IT FOR A REFUND

- Li Ag Part One: Overview.

Select ""’"‘"‘_“’I"’_“" The following information applies to certain items of third-party technology that are included along with
Select Installation Options certain Xilinx software tools.

Select Destination Directory

Installation The Xilinx Embedded Development Kit (EDK) is a suite of software and other technology that enables

Licensee to design a complete embedded processor system for use in a Xilinx Device. EDK includes,
among other components, (a) the Xilinx Platform Studio (XPS), which is the development environment,
or GUI, used for designing the hardware portion of an embedded processor system; and (b) the Xilinx
Software Development Kit (SDK), which is an integrated development environment, complementary to
KPS, thatis used to create and verify C/C++ embedded software applications. SDK is also made
available separately from EDK.

m’,;dg X () 19952013 fre. All ig Licensee's use ofthe GNU compilers (including associated libraries and utilities) that are supplied
XILINX, the Xiinx logo and other designated | With SDK may cause Licensee’s software application (or board-support package) to be governed by Ll
brands incluided herein are trademarks of Xilin:, s me e . - . o . s e s .- ..

Inc, All other trademarks are the property of
thair nespective owners,

¥ I accept and agree to the terms and conditions above

Fig. no.2.2b:Xilinx LicenseAgreementvindowc o nt d é
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3. Selecttheproductgo install.

Select Products to Install

' = Edition List
‘ T ISE WebPACK

DESIGN SUITE © ISE Design Suite Logic Edition
" ISE Design Suite Embedded Edition
" ISE Design Suite DSP Edition

f* |SE Design S m Ec N
" Lab Tools - Standalone Installation

ISE 14.7 Installer

Welcome
Accept License Agreements
-» Select Products to Install
Select Installation Options — Description of ISE Design Suite System Edition
Installation This installation contains everything you need to do a complete system design. It includes ISE
Design Suite Logic Edition, the Embedded Development Kit (EDK) and System Generator for DSF.

Disk Space Required : 20439 MB

Copyright (c} 19952013 Xinx, Inc. All rights
reserved.

XILINX, the Xiinx logo and other designated
brands inchuded herein are wrademarks of X,
Inc. Al other wademarks are the property of
their respective owners.

Figo.2.3: Selectproductgo install.

4. Selectthelnstallationsoptions.

Select Installation Options e

Select the desired installation options below. Selection of these options may result in additional
programs being run at the conclusion of the installation process.

¥ Use multiple CPU cores for faster installation

| quire or Manage a Licens:

B4 Install WinPCap for Ethernet Hardware Co-simulation

[ Install Cable Drivers

] Enable WebTalk to send software, IP and device usage statistics to Xilinx (Always enabled for We

Welcome
Select Products to Install

-> Select Installation Options Select/Deselect All I
Select Destination Directory

— Description of Acquire or Manage a License Key

Installation

Most Xilinx applications now require a license key file in order to run. If this selection is enabled,
the Xilinx License Configuration Manager will be opened in order to assist you either in acquiring
a new license file or in managing an existing license file. If this is your first time using Xilinx ISE
Design Suite 14.7, it is highly recommended that you use this application to acquire or install
your license file.

Copyright (c) 1995-2013 Xiree, Inc. All rights
reserved,

XILINX, the Xiinx logo and other designated
brands incladad harsin on wadumars: of Y,

Fig. no.2.4:Installationsoptions
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5. Selectthedestinatiorpath.

CISE

Welcome

Accept License Agreements

Select Products to Install

Select Installation Options
-> Select Destination Directory

Installation

Copyright (<) 1995-2013 Xilinx, Inc. All rights
reserved.

XILINX, the Xiinx logo and other designated
brands included herein are trademarks of Xilinx,
Inc. All other trademarks are the property of
their respective owners.

Select Destination Directory

Select the directory where you want the software installed.

IE:

Install location(s) :
E:14.7\ISE_DS

Disk Space Required : 20439 MB

Disk Space Available : 187132 MB

¥ Create Start Menu and Desktop Icons

Select a Program Folder

This name will appear in the Start Menu > Programs list.

| Xilinx Design Tools :]

¥ Tool preferences and file association
Import tool preferences from previous version and change project file association to ISE Design Suite System Edition 14.7

Fi. no.2.5: SelectDestinatiorpath

6. Click Install onthe InstallationSummarywindow to starttheinstallation.

Installation

Options Summary

VISE

Welcome

Accept License Agreements

Select Products to Install

Select Installation Options

Select Destination Directory
-> Installation

Copyright () 1995-2013 Xiinx, Inc. AN rights
reserved.

XILINX, the Xilinx logo and other designated
brands inchuded herein are ademarks of Xilinx,
Inc, All other wrademarks are the propenty of

Install Location(s):

E:14.N\ISE_DS

Edition : ISE Design Suite System Edition
Program Group: Xilinx Design Tools
Option: Acquire or Manage a License Key

ISE DS Common

Install Location: E:14.7\ISE_DS\common

Module: ISE DS Common

Option: Script to install VC++ runtime libranes for 32bt OS
Option: Script to install VC++ runtime libraries for 64-bt 0S

EDK

Install Location: E:14.7\ISE_DS\EDK
Module: EDK

Option: MB Linux Toolchain post-install

PlanAhead Analysis Tool

Install Location: E:14. 7\ISE_DS\PlanAhead
Module: PlanAhead Common Files

Option: setupEnv bat

ISE

Install Location: E:14.7\ISE_DS\ISE

Module: Environment Tools

Module: WebPACK Devices

Module: Edition Devices

Option: Install WinPCap for Ethemet Hardware Co-simulation
Option: Install Windows System Generator Info XML

Option: install MSVC 2005 Redistributable Files

Option: Install Cable Drivers

therr respective owness.

Ointinn: Canfim s Wah Talle

Fig. no.2.6: InstallationSummaryoptions.
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7. Installationof the softwarecontinues.

ISE 14.7 Installer

Welcome

Accept License Agreements

Select Products to Install

Select Installation Options

Select Destination Directory
-> Installation

reserved,

ther respective owners,

Copyright () 19952013 Xiinx, Inc. All rights www.xilinx.com/Zynq Xl LINX

XILINX, the Xiinx Jogo and other designated
brands included herein are trademarks of Xilinx,
Inc, All other trademarks are the property of

ISE
Extracting: ise_0002.zip.xz, dsp_tools_0001.zip.xz, ise_0008.zip.xz, ise_...

40%

Zynq" - 7000 All Programmable SoC, Enabling New
Product Innovations Across Markets

> Xilinx All Programmable SoCs are processor-centric platforms that
offer software, hardware and I/O programmability in a single chip.
The multicore processor and industry-leading programmable logic
enable better processing systems with fewer devices, faster.

PROGRAMMABLE.

Install | Cancel I

Fig. no.2.7: InstallationWindow

8. Click Finishonthelnstall Completewindow.

®

CISE

ISE 14.7 Installer

Welcome

Accept License Agresments

Select Products to Install

Select Installation Options

Select Destination Directory
-= Installation

Copyright () 1995-2013 Xilin, Inc, All rights
reserved,

XILINX, the Xl logo and other desgrated
brands included harein are wademarks of Xilin,
Inc. All other wademarks are the property of
thiir FESPRCTIVE OWNETS,

Install Completed
Congratulations! You have successfully installed Xilinx ISE Design Suite System Edition.

The environment variables are written to the settings[32|64].bat file at "E:14.7USE_DS". In order to set the
variables in your environment, you must run the settings[32|64].bat file.

Fig. no.2.8: Install completewindow

Maharashtr&tateBoardOf TechnicalEducation
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9. Click NextontheLicenseConfigurationwindow.

Acquire a icense | Manage Licenses | Borrow/Restore Licenses | Retum Licenses | IntermetSettings |

~Select one of the fol

" Start Now! - 30 Day Trial {No Bitstream)
" GetFree Vivado/ISE WebPack License
" Start 30 Day Evaluation

" GetMy Purchased License(s)

" Locate Existing License(s)

~Destription of the above selected opti

Getall purchased licenses and start using your Xilin software, You will be taken to the Xiinx website where you can generate a license for all Xiinx software and IP you have purchased, Once your license fil is generated, the Manage Xiinx Licenses” tab wil open to
enable you to configure your system to Use the lcense.

About.., Close

Fig. no.2.9: LicenseConfigurationwWindow

10. After the license is accepted the Xilinx Project navigator icon is created on Desktop. Click
on the icon to run #a Xilinx EDA Tool.

o~

Project Navigator

Ralnane Verson:. 147
ApphCatan Vermon: F2011141)

Capwgt © 142810 Wivw, I
Aoy -t

& XILINX

Fig. no.2.10: Xilinx Initialize Window

Xl Resources
Table 2.2 Resources

Sr.

No Name of Resource Specifications Quantity
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XVIII References/Suggestiator further reading
Table2.3 References
Sr.No Link / Portal Description

1 https://en.wikipedia.org/wiki/Xilinx ISE Xilinx ISE information

5 http://allpcworld.com/xilinxise-designsuite 14- | Xilinx ISE DesignSuite14.7Free
7-free-download/ Download
https://docs.amd.com/r/diS/ug908vivado ) . .
programminedebugaing/LaunchintheVivado- | L@unching the Vivado Lab Edition

3 from theCommand.ine on Windows

Lab-Edition-from-theeCommanelLine-on-

Windowsor-Linux

or Linux

XIX AssessmenScheme

Performancelndicators Weightage
ProcessRelated: 15 Marks 60 %
1 | Handlingof thecomponents 10%
2 | Identifyingthefeaturesof IDE 20%
3 | Follow ethicalpractices. 20%
4 | workingin teams 10%
Product Related: 10 Marks 40%
5 | Correctprocedurdollowed 10%
6 | Conclusion 10%
7 | Installationrelatedquestions 15%
8 | Submittingthe journal intime 5%
Total ( 25 Marks) 100%
Marks Obtained Dated signature of Teacher
Process Product Tota
Related Related I
(15) (10) (25)
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Practical No.3: *Develop VHDL codefor basic and universal gate for data flow
model

I Practical Significance
Teacheshefundamental®f digital logic implementationn VHDL usingdataflow modeling
(concurrent signal assignments).Reinforces mapping between Boolean alye i@ dware
(how gates become synthesized logic). Builds skills required for FPGA/CPLD design flow:
write Y simukzater Yrogmntmesyi test. Forms ¢t
complex combinational and sequential circuits.

I Industry/Employer ExpectedOutcome
The aim of this courseis to attendfollowing industry/employeexceptedoutcome
through various teachirgarning experiences:
i D e v ¥USbhasecdelectroniccircuit/componenusingV HDL . 0

11 CourselLevel Learning Outcome
UseVHDL to developand test digitatircuits.

AV Laboratory Learning Outcomes

1 LLO 3.1Testthefunctionality of basiclogic gatesusingVHDL Data flowmaodel.
1 LLO 3.2Testthefunctionality of universalogic gatesusingVHDL Dataflow model..

Vv Relevant Affective Domain related outcomes
1 Follow goodcodinganddocumentatiompractices foreproducibldab results.
1 Explorevariationswith differentinputsandgatechaining.
1 Debugsimulation/synthesissuesnethodically.
1 Workin pairsto crosschecktestvectorsandboardresults.

Vi RelevantTheoretical Background

VHDL modeling styles: structural (instantiating components),behavioral (processed
variables), andataflow (concurrent signal assignments using Boolean operators).
Dataflow model: uses concurrent assignments lke=AandB;  to express combinational
logic directly, eachassignmentepresents continuousmappirg from signals to outputs.

Synthesismapping: synthesizeturnsBooleanexpressionito LUTs/gateson an FPGA or
into logic on CPLD; NOT, AND, OR, NAND, NOR, XOR are basic primitives.

Timing and hazards: purelycombinationabataflowhasno clock; considerpropagation
delay and possible static/dynamic hazards when combining gates.
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Vil

Circuit Diagram
a) SuggestedCircuit diagram:
10-pin Female Connector

(Connects to target printed /C\
arcuit board 10-pin male header.) Y

LED Color Description

Off Not connected or suspended =
Blue Connected at 12MHz (USB full speed) Ksieiid

Teal Connected at 480MHz (USB high speed) %

Green JTAG port open, idle

Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable

1)

Fig. no.3.1 PracticalSetupwith JTAG CABLE

b) Actual block diagram usedin laboratory with related equipmentrating.
CPLD Development board:
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VIII  Required Resources/apparatus/equipmentvith specifications
Table3.1 RequiredResources
Instrument / I .
No Components Specification Quantity
Device:Xilinx FPGA(XC3S400PQ208),0rboard
+5V, +3.3V, +2.5V supply to FPGAand other
1 FPGADevelopment | hardware circuit., On board, 2 Crystal 8Midnd 1 No
" kit 25MHz. .JTAG Interface (Boundary Scan),PROM '
Interface(XCF02S),4(pin, 4 headeiconnectorfor
external I/O's Or any other kit with equivale
specifications
Loaded with open source IDE, simulation a
2.| DesktopPC programdownloadingsoftware UPSandAntivirus. 1 No.
IX Precautionsto befollowed
1. Checkthesyntax/ rules ofVHDL Programming.
2. Do not powerup theboardbeforecompletingconnections.
X Procedure
1. CreateheXilinx ISE projectfor yourtop-level FPGAdesign by doingthefollowing in

ISE:
2. In the ISE software, select File > New Project. In the Project name and Project location
fields, enter the project name and location, respectively.

3. SelectHDL or Schemati@asthe Toplevel source typeandclick Next

IS Project NGy G tORBB0I31013) - D\ortor.xise - [Design Summary] = 2|
b4 2 x
o2 X|o a| » BRI a0 .00 ELLSY
Design ©08 x| | & Desi )
{8} Implementation ©) [ Simulati -
View: Implementation  Simulation
L} - - 3 No Err
Behavioral (€] a  New Project Wizard poee skl
& o - fon State: New
(1] | Hierarchy {
e — : ; Errors:
—| & or (%) Create New Project -
o | @ €1 xa3s400-4pqg208 Warnings:
— Specify project location and type. Routing Results:
e EE| Enter a name, locations, and comment for the project Timing Constraints:
a 84 Rt and] Final Timing Score:
= Location: D:land &
Working Directory: |D:\and =) o
rors Warnings Infos
Description:
P | T NoPro E
B ailgl| -
£ | No single design module is selected. a
9|2 %  Design Utilities E
— ?)  Update All Schematic Files Design Prd)|
{| @  CompileHDL Simulation Libr.. En)
= %] Regenerate All Cores Optional | 3
4 Check All Core Versions Sh
s
S
Sh Select the type of top-evel source for the project
Top-level source type: =1
| — HDL [~] ommantn | b=
& Start | 3 Desgn |I[) Fies |[Q) Libraries| | &
Console ) 3 ©08 X
1) INFO:HDLCompiler: 1061 - Parsing VHDL file | | Morelnfo Next | [ concel |
) INFO:ProjectMonmt - Parsing design hierarchyl

Launching

Design Summary/Report Viewer...

/ i
|[El consoe [@ Erors [ A\ Warnings |18 FindinFies Results

Fig. no.3.2: Create new project
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- 5E Projct Navig Sumevary) I e v i
L File Edit View Project e Tools  Window Help [=l=]x]
DREF LB X|wa| frz2 R ;
[Design »naxja £ Desig I=
[ |View: © 18} Implementation © [ Simulation 6 . INo Errors
iy ochoviord = P i _ Jmentation State: New
(g | Hierarchy ©9 E
—| @ or %) Project Settings
) Warni
oo | @ £ xa3st00-4pqg208 oS
= @ Specify device and project propertis. Routing Results:
& = Select the device and design flow for the project
ki) Timing Constraints:
E Property Name Value Final Timing Score:
@ == Evaluation Development Board None Specified
- Product Category Al =
m
Family ‘Automotive Spartan3 [ o
Device XA35400 Warnings Infos
| T NoProcesses Running Package PQG208
74| Nosingle design module is selected. Speed 4
9| =%  Design Utilties
—| &) Update All Schematic Files i Top-Level Source Type HDL
A T2 Compile HDL Simulatin Libr.. Synthesis Tool XST (VHDL/Verilog)
= Regenerate All Cores : - -
m Check All Core Versions Sipuiator S (VHDLNEslo)
Preferred Lanquage Verilog
Property Specification in Project File | Store all values W
Manual Compile Order (]
VHDL Source Analysis Standard |VHDL-93 I [5)
I P 1
‘ & Start ‘ B§ Design [@ Files ||D Libraries| | 3 Enahle Messane Filterinn. 7
Console o088 X
) INFO:HDLCompiler:1061 - Parsing VHDL file -
) INFO: ProjectMgmt - Parsing design hierarch; o
Launching Design Summary/Report Viewer... 3
< T p— »
Console | @ Erors | 1\ Warrings | 2§ Findin Fies Resuls |

Fig. no.3.3: Project File Settings

fi 15 ProjectHovigalGT[BROISIONS) - Dioriesise - Design summeny] WU .. .. W

T File Edit View Project Source Process Tools Window Layout Help BED

DAEA L obx|wal s

|Design «08 x| E £+ Desigy .
View: ) {2 Implementation © E Simuiation ~ 5] W— = =
Behavioral = @ New Project Wizard S|
H e — _ Imentation state: ew

] »

Top-Level Source Type: HDL
Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog) -
Preferred Language: Verilog

Property Specification in Project File: Store all values
Manual Compile Order: false 1
VHDL Source Analysis Standard: VHDL-33

i .
(€]
&
Hierarchy 5] ] —
nE E| T Q Project Summary -
ot | @ £ x3sd00-4pgg208 o
g E Project Mavigator wil create a new project with the following specifications. Routing Results:
— HE| Project: Timing Constraints:
@ = Project Name: and e
;j ﬂ Project Path: D:iland
— Working Directory: D:\and
m Description: E
Top Level Source Type: HDL =
rs Warnings Infos
| B) NoProcesses Running Device:
= Device Family: Automotive Spartan3
f; | Na single design module is selected. Pevice: xa33400
2|2 % Design Utilties : Package: Dpag208
= ~~82  Update Al Schematic Files ; Speed: _a
A 72 Compile HOL Simulation Libr.. L
m

Regenerate All Cares
Check All Core Versions

P——

| strt ] B8 vesgn [ Fies [ ) Lbreres] | £
Console
1) INFO:HDLCompiler: 1061 - Parsing VHDL file

) INFO:ProjectMgmt - Parsing design hierarch:
Launching Design Summary/Report Viewer...

4 I 13
Corsole | @ rors | 1\ Warings | a6 Findin Fes Rests |

Fig. no.3.4: Project Summary

4. Create New Sour

ce file. Select BenamectwetheTy pe
source then click ANextoO.
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St N

File Edit View Project Source Process Tools Window Layout Help

DPEGL%oBXwal frran 2R

[Desion 008X

[ |View: © {8} Implementation ©) 8 Smulation

(] | Hierarchy 2

- & and

2| 5 €3 xa3s400-4pqg208 E

a

ks Empty View =

Select Source Type

g The view currently contains no files. P

e You can add files to the project < 3
using the toobar at eft, commands 7”‘“‘ type, fie name and is location.
@ from the Project menu, and by IP (CORE Generator & Architecture Wizard)
= using the Design, Files, and

m Libraries panels. =] User Document

! [] Verilog Module
sz i) Verilog Test Fixture

» | ) NoProcesses Running g VHDL Module

— VHDL Library

74| Nosingle design module is selected. [¢] VHDL Package

B @ ¥ Design Utilties | VHDL Test Bench

i f% Embedded Processor

A

m

| start | @8 pesgn | Fies | (D) wibraries
Console

4 n »
Consde | @ Ermors | A\ Warnings | 8 Fid nFies Resuls |

Fig. no.3.5: SelectingSourceType

5. DefineMo d u Ereeo theentity usedn designand therclickfi Ne x t 0
P jigatol 31013) e -, -

File Edit View Project Source Process Tools Window Layout Help

DEAL[%DDX[wa] Afpe

[Desion “08x

[f] |View: © {5} Implementation ©) & simulation

5] | Hierarchy &

Gl - E and

& £3 xa3s400-4pqg208 £

a

L Empty View

& ) ) Define Module

| The view currently contains no files.

b You can add files to the project y

using the toolbar at left, commands Speafywtsformodk.
[@ from the Project menu, and by Entity name |and

= ing the Design, Files, and

m ﬁm:pa‘gs‘ i Architecture name ‘Bdﬁvioral

Use; o Port Name Direction [

) No Processes Running

No single design module is selected.
% Design Utilities

08|98 v

'
0oODEDDEooDEEoE

| strt| =8 pesign [} Fies [ [R) Lirries
Consdle

< m »
Consdle | @ Erors | 1) Wamings | g6 Fnd nFies Resuls |

Fig. no.3.6: Define Entity
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IE roject Navg - - cete M )

File Edit View Project Source Process Tools Window Layout Help

DPEF L ¥ BB X0 o]
|Design ~0dx
EI View: @ {f} Implementation (7 ﬁ Simulation
z| | Hierarchy -
= and |
o £ £ xa3sd00-4pqa08 3
j£3] Empty View
£ Summary
= The view currenty contains no files.
:Z’:‘gm‘;“:ﬁ:;;: :::t,wc:];;tan ds Project Navigator wil create a new skeleton source with the following
P from the Project menu, and by Add to Project: Yes
== using the Design, Files, and Source Directory: D:\and
| Libraries panels. Source Type: VHOL Module
Source Name: and.vhd
Uset i
Entity name: and
) NoProcesses Running Architecture name: Behavioral

Port Definitions:
No single design module is selected. a

W Design Utilfies b
¥

SR

| Stort | B} Design | L] Fies | [ Liraries

Console

[l ——
Console ‘o Errors Lh Warnings |ﬁ Fﬂ!hﬁesﬁgslls‘

Fig. no3.7 Entity Summary
6. DevelopVHDL code forgiven problemandsynthesizehe.vhd file andview RTL schematic.

ISE Project 1013 d\an 3 . e N L |
[) File Edit View Project Source Process Tools Window Layout Help [=]=]x]
DBEMIL[X00x[wa|fALRR, R =02 LR P L]
[Deson 08X & 18 - R
[i] |View: © {5} implementation ©) & Smuation 19
Hi —| 20 library IEEE;
| Hierarchy | 21 use IEEE.STD 10GIC 1164.ALL;
| - and w | 22
—|a-a “35.‘00'4”9203 . = 23 -- Uncomment the following library declaration if using
unn n and - Behavioral (and.vhd) 24 -- arithmetic functions with Signed or Unsigned values
E 9. | 25 --use IEEE.NUMERIC STD.ALL;
ol ] 26
A 27 -- Uncomment the following library declaration if instantiating
% 28 ~-- any Xilinx primitives in this code. L.
E 29 --library UNISIM;
- 2| 30 --use UNISIM.VComponents.all:
%| 31
= 32 entity andl is
@ 33 Port ( a : in STD_LOGIC;
| Q2 NoProcesses Ruming o s b : in STD_LOGIC:
?t Processes: and - Behavioral — :: - y : out STD_LOGIC):
end andl; E
X -E Design Summary/Reports 27 £
| ® DesngnUtllm_es 38 architecture Behavioral of andl is
Xl User Constraints 20
= | @ 8)  Synthesize - XST
m ¥ 40 begin
| @ 8)  Implement Design a ¥
€)  Generate Programming File 42 ycm a and by
[} @ Configure Target Device 43 end Behavioral:
€4 Analyze Design Using ChipScope 44
45 -
« (0] )
[’ SM]"QD::@J@ ﬂu[mjwm@ and.vhd*™ ﬂ[z Design Summary =]
Console 08X
-
Started : "Launching ISE Text Editor to edit and.vhd".
Launching Design Summary/Report Viewer... 3
« »
5] console |@ Emors | 2\ Wamings [ 2§ Findin Fies Resuts |

Fig. no.3.8: VHDL Coding
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@ File Edit View Project Source Process Tools Window Layout Help

NER
- = i p B [ = = -
D3Ed.[xobxwa| £ 38 2R mE02[,R( Pl
[Design «08x 4 18 -- .
view: © {8} Implementation ) £ Smulation 19
& [ Hi b — 20 library IEEE;
gl | ey 21 use IEEE,STD LOGIC_1164.ALL;
g € and o | 22
—|=-a xa35:00-4pqg203 . 23 -- Uncomment the fol. rary declaration if using
oh [ and1 - Behavioral (and.vhd) 24 gned or Unsigned values
= “ 25
& —| 26
A 2% rary declaration if instantiating
o 28 nis code.
A =
@_ ot 29
- b 30 --use UNISIM.VComponents.all;
7t % 31
= 32 entity andl is
Y O 33 Port ( a : in STD_LOGIC
P [ 22 NoProcesses Rumning o 3 b : in STD_LOGIC;
7{. | Processes: andl - Behavioral —| 35 ¥ &'aut (STD LOGIC)?

& 36 end andl; E
= % Design Summary/Reports pos £
o | @ Design Utiities 38 architecture Behavioral of andl is
E’-/t % User Constraints 39
- | & Synthesize - XST 0 begin

- ¥2  Implement Design
G P ing Fil 41
[¢] enerate Programming File 42 y¢= a and b;
@ ConflguraTarge’(D.m({ 43 Blend Rehavioral:
€+ Analyze Design Using ChipScope P
45 -
< I »
\, Start ‘ B3 Design Nj Files I@ Ubraries! \ B and.vhd EJ b4 Design Summary (Synthesized) x|
Console «08 X
-
Process "Synthesize - XST" completed successfully d
<| I »

Consdle | @ Erors | 1\ Wamings | @ FrdiFies Resuls |

Fig. no.3.9: Synthesizehe.vhdfile

7. Create Test Bench filéA test benchis HDL code that allows you to provide a documented,

repeatable set of stimuli that is portable across different simulattest Benchcan be as simple
asafile with clock andinput dataor a morecomplicatedfile thatincludeserror checking, file

input and output, and conditiornaisting.

8. Go to implementation to simulation tab, right click on main source file and create Test Bench

file for simulation.

[2) File Edit View Project Source Process Tools Window Layout Help ===
D2EH@P L XDDX|[0wa| » AR ARIF B0 LRIPELQ
|Design 08X | 18— =
[ | View: © £} implementation © [l Smuation 19
< |Behavioral ~] —| 20 1ibrary IEEE;
‘-%] 21 use IEEE.STD_LOGIC_1164.ALL;
+ | Hierarc
(] | Hierarchy o | 22 - -
7= = and 23
do | & €1 x3s00-4pqg208 24
= [ and1 - Behavioral (and.vhd) Q. 25
&l —| 26
A 27 brary declaration if instantiating
2 ; 28 code.
< e
= 2| 30
= | =
—| 32 entity andl is
Q| ss Port ( a :
P | 8 NoProcesses Running o| 3 5 i
71 | No single design module is selected. —| 38
5 Desian UG 36 end andl; k
Pt | @ 3P Design Utilities 37 £
e 38 architecture Behavioral of andl is
A
Sl 39
o 40 begin
41
42 y<= a and b;
43 end Behavioral:
44 .
45 =
< il B
[ stert| @ vesgn [ Fies [ toreries| | D) and.vhd 8= Design Summary (Synthesized) X
[Console «08 X
Process "Synthesize - XSI" completed successfully E
1) INFO:HDLCompiler:1061 - Parsing VHDL file "D:/and/and.vhd" into library work
1) INFO:ProjectMgmt - Parsing design hierarchy completed successfully. |
i »

<[ ]
[ console |© Erors [0\ Wemings [ 18 Findin Fles Results |

Fig. no.3.10SelectSimulationtabto createtestbenchfile
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D3EFLsobx|wa] [ 28R 2RI BB LR P L@
[Desn 08X & 15 -- %
(i |View: © &} implementation © [ Smuton =| 19 -
Behavioral = = 20 library IEEE;
& 21 use IEEE.STD LOGIC 1164.ALL;
@ Hierarchy & 22
= and 235 = the following library declaration if using
nn = xa3s400-4pqg208 - 24 -- arithmetic functions with Signed or Unsigned values
» L --use IEEE.NUMERIC STD.ALL;
] Add Source, 27 --T the following library declaration if instantiating
28 -- any Xilinx primitives in this code. L
fAdd Copyfource:s 29 --library UNISIM;
30 --use UNISIM.VComponents.all;
Open 3
& Remove 32 entity andl is
> 33 Port ( a : in STD_LOGIC;
» ) NoProcesses:  Manual Compile Order 34 b : in STD_LOGIC;
Processes: andl - i St a5 Top Module 35 y : out SID _LOGIC);
- 36 end andl; I
s ISim S SmartGuide... = g
File/Path Display » | 38 architecture Behavioral of andl is
39
Expand All 40 Dbegin
Collapse All 41
42 y<= a and b;
(4 Find... Ctl+F | 43 end Behavioral;
44 L
Design Properties... 45 -
4] Source Properti W | 3
| start | =g e B = e 1 and.vhd BlE Desi y ]|
Console +08 X
Process "Synthesize - XST" completed successfully -
J) INFO:HDLCompiler:1061 - Parsing VHDL file "D:/and/and.vhd" into library work
J) INFO:ProjectMgmt - Parsing design hierarchy completed successfully. =
it )

4 L -
Console | @ Errors | 1) Warmings | g4 FindinFes Resuls |

. no.3.11(a): Creatingtestbenchfile
L %

@ File Edit View Project Source Process Tools

DaHﬁl »]Eéb fe) \“xlnul ».

Window Layout Help

A /'}.‘U*X‘,'@|

R

pre]?

[Desion -~ A
[i] |Viw: © {8 implementaton | 19
g Behavioral o= 20 .
21 usik S
(| Hierarchy @ 22
d
= & and 23 -3 Naﬂ“Squ;ce,W o
% | & €3 xe35400-4pqg208 24 - - —
él E andL - Behavioral (and.vhd) 2. 2503 Select Source Type
= | 2.6
n A 27 -4 o 2
Select source type, fle name and its location.
A 2 | (B e o
@ 29 -4 .
= % €* ChipScope Definition and Connection File
| iy [ Implementation Constraints File
2 2t \{ IP (CORE Generator & Architecture Wizard)
0 g; eall | &) MEM File
P | 82 NoProcesses Running (9] Schematic )
= o o |=] User Document Fienane:
?\: Processes: andl - Behavioral i :: X Verilog Module iand_!b
% I5im Simulator (4] Verilog Test Fiture - E
X o) i) VHDL Module Lorationd |
5’{ gg B VHDL Library iD:\and | [;]
= 1 [¢] VHDL Package
u = 1) VHDL Test Bench
AL g Embedded Processor
42
43
44 U
45 -
7 Add to project N
[ strt| o vesn [ Hes]@Lhmes[@
Console L ) 0@ X
Process "Synthesize - XST" completed successfu -
) INFO:HDLCompiler:1061 - Parsing VHDL file "D:/and/and.vhd" into library work
J) INFO: ProjectMgmt - Parsing design hierarchy completed successfully. a5
‘ n, N )
Conse | @) Erors | 1) Wamings | FrdinFiesReuts |

Fig. no.3.11(b):Creatingtestbenchcontd..
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- ISE Project Navig A
[B) File Edit View Project Source Process Tools Window Layout Help [=]&]x]
DAEdL[sobBX|wal -
|Design 08 x - %
[{f [ View: © {8} implementaton © B Smuiaton =
ehaviord  [¢] —| 20 21i88
% Hierarchy & 22 @ .
IS | e S ——
0 | & (1 xa3400-4pqg208 24 - - —
g andl - Behavioral (and.vhd) o, 25 —3 Associate Source
== —| 26
4 250 Select a source with which to assodiate the new source.
@ % 2 1 R
et 29
- 2| 30 -3
% a2 II
No Processes Running
Q [5)

Processes: andl - Behavioral
% 1Sim Simulator

[

a2 E| v

[ strt| 58 pesn [() Fles | 0 Lbraries| | B

Console 08 X
Process "Synthesize - XST" completed successfully -

) INFO:HDLCompiler:1061 - Parsing VHDL file "D:/and/and.vhd" into library work

) INFO:ProjectMgmt - Parsing design hierarchy completed successfully. =

< m >

Console |@ Erors | 1\ Wamings | Fnd nFles Resuls |

Fig. no.3.11(c):Creatingtestbenchcontd..
lr 5 ProjectNev gotof PBIBIOL3) - Dhendiandotse - o] - ~udi- W W W a8 3]

@ File Edit View Project Source Process Tools E@

NEFEETEEETEIE

BEDG

sefrze9

‘De n HDEIX| = 18 - A
[if |Vew: © {6} tmplementation @ E Si H R -
4 Behaviaral o —| 20 S e
21 ugll ”
| Hierarchy " 22 G
= 1 New Source Wi
| e 20 | S TR —— - —
| B 3 xa3sd00-4pqg208 24 - — -
E m andl - Behavioral (and.vhd) b 7 = Summary
= —| 26
A a7 - Project Navigator wil create a new skeleton source with the following
B A z: "I | Add to project: Yes =
= % Source Directory: D:\and
m 30 || | Source Type: VHDL Test Bench
| Source Name: and_th.vhd
—| 32 ed
@ 33 Assodiation: and1
€2 No Processes Running @ 24
Processes: and] - Behavioral B

B-% ISim Simulstor

mn

ERFEE AR

L sat| = peson |1 Hes|®1.txaﬁes@

Cansole «08x
Process "Synthesize - XST" completed successfu e
Iy INFO:HDLCompiler: 1061 - Parsing VHDL file "D:/and/and.vhd" into library work
4} INFQ:ProjectMamt - Parsing design hierarchy completed succesafully. =
-
T v

consoe | @ — | 2 warnings [ g6 FndinFies resuls |

Fig. no.3.12CreatedlestBench
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@ File Edit View Project Source Process Tools Window Layout Help [L“Li'\ l‘
DPEFIL x0bX[wa| [ 2288 2R =B 02,0 PP
[Design s08x| & 52 signal a : std logic := '0'; -
i View: ©) @mdemmhhm 0 = 53 signal b : std logic := '0';
£ [pehavioa g =
= E 55 --Outputs
[fz] | Hierarchy “ 56 signal y : std logic;
T B and = 57 -- No clocks detected in port list. Replace <clock> below with
ao | & €3 xa3s400-4pqg208 58 -- appropriate port name
& & m and_tb - behavior (and_tb.vhd) 2 59
o) T 60 --constant <clock> period : time := 10 ns;
Al &
2 % :g BEGIN
- A 6 -- Instantiate the Unit Under Test (UUT)
= | s uut: andl PORT MAP ( o
g 66 a=>a,
s @ 87 b =>Db,
: €2 NoProcesses Running ® P vy 1
4 | No single design module is selected. Tl 32 )i 1
S| @ P Design Utiities 71 -- Clock process definitions
% 72 --<clock>_process :process —
S 73 --begin
m 74 -=<clock> <= '0';
75 --wait for <clock> period/2:
76 -=<clock> <= '1';
77 --wait for <clock> period/2:
78 --end process;
79 -
« i ] »
[ Strt| O3 Desgn [ L] Fes | () Liranes | [2) andihd L[ 2 Deson summary OB and_th.hd* -]
QERROR:ProjectMgmt - 4 error(s) found while parsing design hierarchy. -
Started : "Launching ISE Text Editor to edit and_tb.vhd". =
L F—— »

5] Console WIA Warnings | 12§ Findin Fles Results |

[2) File Edit View Project Source Process Tools Window Layout Help

‘DPE@ L 40bX[wa| 2288 RIR

[Design

08 x| & 78 --end process; "
[if | View: © {8} implementaton © i Smulation 3= | 79
& Behavioral v —| 8o
B = 81 -- Stimulus process
[ | Hierarchy ) 82 stim proc: process
—| & and = 83 begin
do | & £2 xa3s400-4pqg208 84 -- hold reset state for 100 ns.
| @ [k and_tb- behavior (and_tbvhd) | 85 a<="0";
i] =l g6 b<='0";
Al e wait for 100 ns;
\ % 88 a<='0";
el 89 be='1';
- » 920 wait for 100 ns;
= » 91 ac='1';
== 92 b<='0"';
@ 93 wait for 100 ns;
P | €2 NoProcesses Running | o ac=111;
71| No single design module is selected. —| be=tqr;
" 96 wait for 100 ns;
D¢ |® P Design Utiities 97
% 98
bt 99 -- insert stimulus here
m 100
101 wait; =
102 end process;
103
104 END;
108 -
EA P—— 5

[ Strt| o8 vesgn |1 Fes | ) Lrares] [

and_tb.vhd*

L[ £ Desgnsumary Gyntheszed) 1 | [B)

g

Console

QERROR:ProjectMgmt - 4 error(s) found while parsing design hierarchy.

Started : "Launching ISE Text Editor to edit and_tb.vhd".

L Fe——

[i] Consoe | @ Erors | &) Wamings | g4 FdinFies Resuts |

Fig. no.3.14:Initialize Inputvalues

9.1l n order to view

t est fil

es

sel ect

t he

panel. Inthefi P r oR & rs @dubletlick onthefi B e h a Clhecks @ h tt@makesurethat

you didndét make any

synt ax

errors

whi

e

Maharastra&tateBoardOf TechnicalEducation

26

b o

ma



VLSI Applications31634C

tovh) T e ot e i R W T W =
[2) File Edit View Project Source Process Tools Window Layout Help [=I=]x]
D3ES XD 2-,3R,RINmE o[ sRr L@

78 --end process;

Ej Behavioral

81 -- Stimulus process

“ 82 stim proc: process
] and 83 begin

= £3 xa3s400-4pqg208 g4
& %) and_tb - behavior (and_tb.vhd)

Hierarchy

£

BIE

nold reset state for 10

| R |k

2 No Processes Running

OO ¥ ¥ ¥ > [1®

Processes: and_tb - behavior 95

96 wait for 100 ns;
= @ ISim Simulator

@ Behavioral Check Syntax
i  Simulate Behavioral Model

EE] -- insert stimulus here

(88 H|v

101 wait;
102 end process;

n

104 END;

fi——
& Start | ®3 Design |1y Fies | [ Libraries| [ and.vhd =B Design Summary i =<JIE] and_th.vhd 8]

Console

Parsing VHDL file "D:/and/and_tb.vhd" into library isim_temp
Process "Behavioral Check Syntax" completed successfully

T

< —
Console |@ Erors | 1\ Warnings | 124 Findin Fies Results |

1nQS Cal12 VHDI

Fig. no.3.15:BehaviouralCheckSyntax

10.Double clickoni Si mBe&haviomlMo d enlthei P r o R a rsehich will opentheISim
softwarewith your testbenchloaded.(referFig. no.4.16)

[ File Edit View Project Source Process Tools Window Layout Help

DPEG L oEXx]|wa 2 2,3R 2RI mEnsrlipeslfQ

[ 78 —-end process; x

T |View: © {8} Implementation © 79

] [pehavioral a0

&l — 81 -- Stimulus process

(g | Hierarchy “ 82 stim proc: process

= S and 83 begin

o4 | B € xa3s400-4pqg208 84 -- nold reset state for 100 ns.

é @ [4) and_tb - behavior (and_tb.vhd) 9 85 a<='0";

Cal —| es b<='0";

A 87 wai\,:ofor 100 ns;

o a8 a<="0";
a e be='at;
— » 20 wait for 100 ns;
S » 91 a<='1";
—| 92 b<=10";
| Q| o wait for 100 ns;

P | 82 NoProcesses Running o s ac=r11;

P! | Processes: and_tb - behavior ml g: b<=;1;? 100

wai or ns;

9|2 % I5im Simulator =

== () Behavioral Check Syntax e 2

e Simulate Behavioral Model 5o L ineert simuius here

m 100

101 wait; =

102 end process;

103

104 END; (4

105 S
Sl F—r— B

[ start | =8 pesgn [ Fies [ traries| [ and.vhd /| £ Desgnsummary (Syntheszed) || [2) and_th.vhd <]

e A A A A T T T T T a3 22 2 TEER
Parsing VHDL file "D:/and/and_tb.vhd" into library isim_temp 7
Process "Behavioral Check Syntax" completed successfully =

2Hl i ] V

Console | @ Errors | 1\ Warings | 128 Find n Fies Resuts |

e '’ B

Fig. no.3.16:SimulationCheckwindow

11.1Sim simulatorwindowwill openwith your simulationexecutedasshownin Fig.. whereone
can simulate designs and check errors if alfig. (n10.4.17)
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ks 5 p 0013 - P . R

o o e S

[E] File Edit View Simulation Window Layout Help

02 d| % B ®|o o |5 [a =
Instances and Processes 0 & x||Objects o088 x| #
Simulation Objects for and_tb

~ I
IR « A |
a 0

Instance and Process Name D

§ and o | Object Name Value
std_logic_1164 st $a 1
$b 1
o 1

X1: 72.347 ns

Defautwefg

3

i
S Instanc... | [y Memory | /=) Source

Console

Xiinx License Configuration Manager to check out a full ISim license.
Lite mode. Please refer to the ISim documentation for more information on the differences between the Lite and the Full version.

Simulator is doing circuit initiaization process.
Finished circuit nitialization process.
1Sim>

II |[£9Redaunch

«+08x

@ console |[-] CompilationLog ‘ @ Ereakpoints ‘ 2 FindinFiles Results | gy Search Results

Fig. no.3.17:SimulationOutput

Sim Time: 1,000,000 ps

SampleVHDL codefor basicand universal gatefor data flow model:

1) AND gate
library ieee;
useieee.std_logic_1164.all;

entityand_gatés
port (
A :in std_logic;
B :in std_logic;
Y :outstd_logic);
end and_gate;

architecturaelataflowof and_gates
begin

-- concurrentlataflowassignment
Y <= A and B;
enddataflow;

2) NAND gate (universal)
library ieee;
useieee.std_logic_1164.all;

entitynand_gatés
port (
A :in std_logic;
B :in std_logic;
Y :outstd_logic);
end nand_gate;
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architectureataflowof nand_gatés
begin

Y <=not (A andB);
end dataflow;

3) Program Statementfor Student: ImplementNOT, OR,NOR, XOR

Xl Resources
Table3.2 Resources
Sr. Nameof Resource Specifications Quantity
No.
1 --
2
3
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Xl Actual Procedure
eéeeéeééeecéeecéeéeccéecéeéeecéeéeecéecéece
eéeéeéeéeééecéecéeéeceeéeéeéecéeéeéececté
eéeeéeééeecéeecéeéecéecéeéeecéeééeecéeecéece
eéeéeéeéeééecéecéeéeceeéeéeéecéeéeéecéecté
eéeeéeééeecéeecéeéecéecéeéeecéeéeecéecéece
eéeeéeééeecéeecéeéecéecéeéeecéeéeecéeecéece
eéeéeéeéeééecécéecéeéeceeéeéeéeecéeéeéecéecte
eééeéeéeéecéécéeéecéeéeéeéecéeéeéeéecte
eééeéeéeéecécéeéecéeceéeéeéecéeéeéeéecte
eééeéeéeééeecéeecéeéeecéecéeéececéeééeecéecéece
eééeéeéeééeecéeecéeéecéecéeéceecéeééeecéeecéece
eééeéeéeéecéécéeéecéeéeéeéecéeéeéeéecte

Xl Observation Table (useblanksheetprovidedif spacenot sufficient)

Observationgor NOT, AND, OR,NAND, NOR, XOR or ProblemStatemengivento
Student.
Table3.30bservatioriable
Input Output
A B NOT AND OR NAND NOR XOR
0 0
0 1
1 0
1 1
XIV  Result
eéeééeéeecéecéeéecéeééeecéecéecéecéecéece
eéeééeéecéecéeéeccéeceééeecéecéecéecéecéece
.. ééeéeééeééecéeccéecéecéecéecéecétecéecect
XV  Interpretation of result
eéeééeecéecécéecéececéecéecéecéecéecectée
eéeééeéeeceéeécéeéeecéecéeécecéecté
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XVI

XVII

Conclusionand recommendation
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Practical related questions
Note: Below given are few samplequestionsfor reference.Teachermust design
more suchquestions so as to ensure the achievement of identified CO.

1. Givethesyntax ofEntity and Architecturavith example
2. Explainthe Processtatementvith anexample
3. Explain any hazardobservedin gate combinationsand proposemitigation (e.g., addingsm
inertial delays in simulation for demonstration).
[Space for Answers] (If required attach separate page)
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XVIII References/Suggestiorter further reading
Table3.4Referere
Sr.No Link / Portal Description

1 https://startingelectronics.org/software/VHDL
CPLD-course/tut2ZAND-andOR-gates/

AND GatesOR GatesandSignals
in VHDL

2 https://www.tutorialspoint.com/visi design/visi des

ign vhdl intrauction.htm

VLSI Design- VHDL
Introduction VLSI DesignUseful
Resources

3 https://buzztech.in/vheihodellingstyles

behavioraldataflowsstructural/

VHDL Modelling Styles:
Behavioral Dataflow,Structural

4 https://deiitr.vlabs.ac.in/exp/realizatienf-loqic-

functions/theory.html

Realizationof logic functionswith
the help of universal gates NANI
and NOR Gate

XIX AssessmenScheme

Performance Weightage
Indicators
ProcesRelated 15 60%
Marks
1 | Codingability 30%
2 | Debuggingability 10%
3 | Follow ethicalpractices. 20%
Product Related: 10 40%
Marks
5 | Correctconnectionso FPGABoard 20%
6 | Answerto samplequestions. 15%
7 | Timely Submissiorof reportAnswerto samplequestions. 05%
Total ( 25 Marks) 100%
Marks Dated signature of Teacher
Obtained
Process Product Total
Related(15) Related(10) (25)
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Practical No.4: DevelopVHDL codefor basic and universal gate for behavioral

Vi

VIi

model

Practical Significance

Behavioral modelling is used to describe functional behawbugircuits without specifying
gatelevel implementation, good for early design, verification, and testbench creation. Helps
to quickly describe logic functionality and test it via simulation before committing to
structural/synthesizable implementatioR&inforces concepts of concurrency vs sequential
processes, signal vs variable assignments, and sensitivity lists.

Industry/Employer ExpectedOutcome

The aim of this courseis to attendfollowing industry/employeexceptedoutcome
through variouseaching learning experiences:

A D e v ¥lUSbhasecelectroniccircuit/componentisingV HDL . 0

CourseLevel Learning Outcome
UseVHDL to developand test digitatircuits.

Laboratory Learning Outcomes
 LLO 4.1Testthefunctionality of basiclogic gates usiny HDL behavioraimodel.
f LLO 4.2Testthefunctionality of universallogic gateusingVHDL behavioraimodel.

Relevant Affective Domain related outcomes
1 Follow safepractices.

 Maintaintoolsandequipment.
f Follow ethicalpractices.

RelevantTheoretical Background

TVHDL models: Dataflow (concurrent signal assignment), Behavioral (prebassd
descriptions, sequential statements), and Structural (component instantiation and
interconnection).

1Behavioral model: Uses process blocks andqgsential statements (if, case, variable
assignmentsyait) to describehebehavior Processesaybesensitiveto signalsandexecute
when those signals change.

1SignalsvsVariables: Signalsrepresentvires/registersisible outsidethe processVariables
arelocalto aprocessandupdatemmediatelywithin the procesgbuttheirvaluesonly appear
outside when assigned to a signal).

1Synthesis considerationsNot all behavioral constructs are synthesizable. Keep processes
combinational (if with complete sensitivity list or process(all)) and avoid infinite wait loops
or nonsynthesizable file I/O for synthesizable code.

Circuit diagram
a) SuggestedPractical Setup:
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10-pin Female Connector
(Connects to target printed /(’\
arcuit board 10-pin male header.)

LED Color Description

Off Not connected or suspended =
Blue Connected at 12MHz (USB full speed) Kl

Teal Connected at 480MHz (USB high speed) Z

Green JTAG port open, idle

Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable

1)

Fig. no.4.1 PracticalSetupwith JTAG CABLE

b) Actual Practical Setup usedn laboratory with related equipmentrating:
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VIII  Required Resources/apparatus/equipmentvith specifications
Table4.1 RequiredResources
Sr. Instrument / L .
No Components Specification Quantity
Device: Xilinx FPGA (XC3S400PQ208),0rboard
+5V, +3.3V, +2.5V supply to FPGAand other
1 FPGADevelopment hardware circuit., On board, 2 Crystal 8Mldnd 1 No
kit 25MHz. .JTAG Interface (Boundary Scan),PR( '
Interface (XCF02S),40 pin, 4 header connector
external 1/0's
Personal computer witlatest configuration. Load
2 | DesktopPC with opensource IDE, simulation and progr| 1 No.
downloading software, UPS and Antivirus.
IX Precautionsto be followed
1. Checkthesyntax/ rules ofVHDL Programming.
2. Do not powerup theboardbeforecompletingconnections.
X Procedure

1.Create the Xilinx ISE project for your topevel FPGA design, by doing the following in
ISE:

2.In the ISE software,selectFile > New Project.In the Projectnameand Projectlocation
fields, enter the project name dodation, respectively.

3.SelectHDL or Schematiasthe Toplevel source typeandclick Next

4.CreatedNew Sourcefile. SelectSourceT y p sléctheSourcelypeandgivethenameto the
source then click ANext o0.

5.DefineMo d u Erged theentity usedn designand therclick i Ne x t 0 .

6.DevelopVHDL codefor givenproblemandSynthesizehe.vhdfile andview RTL schematic.

7.CreateTestBenchfile- A testbenchis HDL codethatallowsyouto provideadocumented,
repeatable set of stimuli thatp®rtable across different simulators. A test beceh be as
simple as a file with clock and input data or a more complicated file that includes error
checking, file input and output, and conditional testing.

8.Gotoimplementatiorio simulationtab,right click onmainsourcdile andcreatelTestBench
file for simulation.

9.In orderto view testfiles, selectheboxoffi Si mu liretlieil ¥ n®avn efthein De s i g n ¢
panel. Inthefi Pr oR & rs @dubletlickont h e /A B eCGheckSiyonrt mihxakesure
that you didnot make any syntax errors W
BehavioralMo d enlthed P r o R & rswhich will openthelSim softwarewith yourtest

bench loaded.
10. ISim simulatorwindowwill openwith your simulationexecutedwhereonecansimulate

designs and check errors if any.

Maharashtr&tateBoardOf TechnicalEducation

35



VLSI Applications31634C

1 SampleVHDL codefor basicand universal gatefor data flow model:
1) AND gate
library ieee;
useieee.std_logic_1164.all;

entityand2_belis
port (
a:instd_logic;

b :instd_logic;
y : outstd_logic);
end entity;

architecturdoehaviorabf and2_belis
begin

-- combinationaprocesgbehavioral)
comb_proc: process(a,b)

begin

if (@="1"andb="1")then
y <: Ill;

else

y <: IOI;

endif;
end process comb_proc;
endarchitecturdehavioral;

2) NAND gate (universal gate)
library ieee;
useieee.std_logic_1164.all;

entity nand_behs
port(a,b:in std_logic;y: outstd_logic);
end nand_beh;

architecturdoehaviorabf nand_behs
begin
proc:process(a,b)
begin

if (@='1"andb="1")then
y <='07%

else

y<='1,

endif;

end process;
endbehavioral,
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3) NOR gate (universal)
library ieee;
useieee.std_logic_1164.all;

entity nor_behs
port(a,b:in std_logic;y: outstd_logic);
end nor_beh;

architecturdoehaviorabf nor_behs
begin
proc:process(a,b)
begin

if (@='0"andb="0")then
y <=1,

else

y<='0,

endif;

end process;
endbehavioral;

4) Program Statementfor Student: ImplementNOT, OR, XOR usingdataflowmodel
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Xl Resources
Table4.2Resources
Sr. e .
No Nameof Resource Specifications Quantity
1
2
3
XIi Actual Procedure
eeééeceecéeééceecééeeceeceééeececeeéeéeeceeceeeéeececet
€Eééeééeééeéececéeéceeéeééeéeceéeééeeéeeeéecee
eeééeeeeééceeecééceececeééeeceeéeeceeceeeéececet
€Eééeééeééeéeécéeéceéeééeéeceéeéeeéeeceeéece
eeééeceecéeéécéeecééceeceeceééeeceeéeeceeceeeéececeté
€Eééeééeééeéeécéeéceéeéeéeéeceéeééeeéeeceeéece
eeééeceeceééceecééceeceeceééeececeeééeeceeceeeéececet
Eééeééeééeééeeéecéeceéceedéeececeeeceéeeceecececeeté
€Eéeééceeeéeéééceceecééececeeééeceeéeeceeeéeececet
€Eéécééeééeéceécéeéceéecéeéeceeceéeéeeeeeceeecee
€Eéécééeééeéecécéeéceéecéeéeceeceéeéeeeeeeeecee
€Eéeéééeeeéeéééeececeééeececeeééeeceeéeeceeeéeececet
€Eéécééeééeéeécéeéceéecéeéeeceéeéeeeeeceeecee
Eééeéeécecceéééceeéeeeeeeeeeeeeeeeeeeeecece
Xl Observation Table (useblanksheetprovidedif spacenot sufficient)
Observationgor NOT, AND, OR,NAND, NOR, XOR gates
Table4.3References
Input Output
A B NOT AND OR NAND NOR XOR
0 0
0 1
1 0
1 1

Maharashtr&tateBoardOf TechnicalEducation

38



VLSI Applications31634C

XV

D

XV

é

XVI
é

é

XVII

é

é

é

é

é

Result

e

é

é

é

e

é

é

é

e

é

é

é

D

[N

7z

ee

é

é

é

é

é

é

e

é

é

é

e

s

e

é

é é

e

Interpretation of result

7

e

é

é

7z

D~ (O

[N

7

e

é

é

é

D~ ([N

[N

s

e

7

e

é

é

Practical related questions

D D

[N

é

é

é

é

D~ ([N

[N

s

e

7

e

é

é

[N (O

[N

é

é

Conclusionand recommendation

é

é

D~ ([N

[N

D

D

[N

[N

[N ([N

[N

([N

(O

[N

[N

D~ ([N

[N

D

([N

[N

[N

D~ ([N

[N

([N

([N

(O

D~

D D

[N

([N

([N

[N

[N

[N ([N

[N

D

D

[N

[N

D~ D~

[N

D

([N

[N

[N

@ D

D~

([N

([N

D~

D~

D~ D~

[N

D

D~

[N

[N

D~ ([N

[N

D

D

[N

[N

D~ ([N

[N

D

D

[N

[N

@ D

D~

([N

([N

D~

([ON

D~ ([N

[N

D

M-

[N

[N

D~ ([N

[N

D

D

[N

[N

D~ ([N

[N

D

M-

[N

[N

D~ ([N

[N

M-

D

[N

[N

D~ ([N

[N

D

M-

[N

[N

D~ ([N

[N

M-

D

[N

[N

D~ ([N

D~

D

D

[N

[N

D~ ([N

[N

M-

D

[N

[N
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XVIII References/Suggestiorter further reading

Table4.4 References

Sr. No Link / Portal Description
https://startingelectronics.org/software/VHDL AND GatesOR Gatesand
1 CPLD-course/tutZAND-and OR-gates/ Signals in VHDL
https://www.tutorialspoint.com/visdesign/visi_des | VLSI Design- VHDL
2 ign_vhdl_introduction.htm Introduction,VLSI Design
UsefulResources
https://buzztech.in/vheinodellingstyles VHDL Modelling Styles:
3 behavioraldataflowstructural/ Behavioral Dataflow,
Structural
https://deiitr.vlabs.ac.in/exp/realizaticof-logic- Realization of logic
4 functions/theory.html functionswith the help of
universal gates NAND an(
NOR Gate

XIX AssessmenScheme

Performancelndicators Weightage
ProcessRelated: 15 Marks 60 %
1| Codingability 30%
2| Debuggingability 10%
3| Follow ethicalpractices. 20%
Product Related: 10 Marks 40%
4| Correctconnectionso FPGABoard 20%
S| Answerto samplequestions. 15%
6 'cll'hrggtl%ﬁglbmlssmn Answerto sample 05%
Total ( 25 Marks) 100%
Marks Obtained Dated signature of Teacher
ProcessRelated | Product Related Total
(15) (10) (25)
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Practical No.5: *Realize the half and full Adder on FPGA board

I Practical Significance

Field Programmable Gate Arrays (FPGAS) are semiconductor devices that are based arour
a matrix of configurable logic blocks (CLBs) connected via programmable interconnects.
FPGAs can be reprograned to desired application or functionality requirements after
manufacturing. This practical will help the students to implement the various combinational
circuits like Half or Full adder/ subs tractor using FPGA.

Il Industry/Employer ExpectedOutcome
The am of this course is to attend following industry/employer excepted outtiomegh
various teaching learning experiences:
A D e v ¥lUSbhasecelectroniccircuit/componentising HDL . 0

1] Courselevel Learning Outcome
UseVHDL to developand test digitatircuits.

v Laboratory Learning Outcomes
i LLO 5.1Testthefunctionality of half andfull adderusingVHDL code.
1 LLO 5.2TestthesimulatedTestbenchwaveform.

\Y Relevant Affective Domain related outcomes
1 Follow safepractices.
1 Maintaintoolsandequipment.
71 Follow ethicalpractices.
VI RelevantTheoretical Background
Half Adder:A Logic circuit usedfor theadditionof two onebit numberss knownasHalf
adders. It has two inputs A and B and two outputs Sum (S) and Carry (C).

Table5.1: Truth Tablefor Half adder

A B Sum Carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Fromthetruth tabletheoutputequationsare:S= AB+AB
Carry(C)=AB

s ' D—)SumS=AeB=ZB+AB‘
D——CarryC:AoB

Fig. no.5.1: Half Adder
Full Adder: In Half adder there is no provision to adddaey generated by lower bitghile
adding present inputs that is when multibit addition is performed. Hence a third indders
andthis circuit is usedto addA, BandCin whereA , B arepresentstateinputsand
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Cinisthelaststateoutputthatis previouscarry. This circuit is knownasFull Adder.

TableNo 5.2: Truthtablefor Full Adder
Cin Sum (S) Carry (C)
0 0 0

R R R R oOololol o>
RlRlololrlrl oo w
Rl o|lr|lolrl ok
Rl ool ok
Rl R|lOl Rl oOlO

3)_f\ S=(A®B)®C,

ow>

in

AB

AGC,,

C, =AB+AC;, +BCj,

BC

Cin

Fig. no.5.2: Full Adder

VIl a) SuggestedPractical Sample:

10-pin Female Connector

(Connects to target printed ( B
arcuit board 10-pin male header.) ~ -
S O
LED Color Description
off Not connected or suspended / | =
Blue Connected at 12MHz (USB full speed) “" )
Teal Connected at 480MHz (USB high speed) 2
Green JTAG port open, idle

Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable "

Fig. no.5.3 PracticalSetupwith JTAG CABLE
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b) Actual Practical Setup usedn laboratory with related equipmentrating:
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VIl  Required Resources/apparatus/equipmenyith specifications
Tableno.5.3RequiredResources
Instrument / T :
No Components Specification Quantity
Device: Xilinx FPGA (XC3S400PQ208),0nboard
+5V, +3.3V, +2.5V supply to FPGAand other
1 FPGADevelopment | hardware circuit., On board, 2 Crystal 8Mknd 1 No
| kit 25MHz. .JTAG Interface (Boundary Scan),PR( '
Interface (XCF02S),40pin, 4 headerconnectorfor
externall/O's
Loaded with open source IDE, simulation and
2.| DesktopPC program downloading software, UPS and Antivirus 1 No.
IX Precautionsto be followed
1. Checkthesyntax/ rules ofVHDL Programming.
2. Do not powerup theboardbeforecompletingconnections.
X Procedure
1. Create the XilinxISE project for your topeevel FPGA design, by doing the following in

2.

o 01

ISE:
In the ISE software, select File > New Project. In the Project name and Project location
fields, enter the project name and location, respectively.

. SelectHDL or Schematiasthe T@-level source typeandclick Next
. CreateNew Sourcefile. SelectSourceT y p seléctthe Sourcetype andgive the nameto

thesourcethen clicki Ne xt 0 .

. DefineM o d u Erdgeo theentity usedn designand therclick i Ne x t o .
. Develop VHDL code for given problerand synthesize the .vhd file and view RTL

schematic.

. Create Test Bench fié\ test benclis HDL code that allows you to provide a documented,

repeatable set of stimuli that is portable across different simulatorst Beteshcan be as
simple as a file with clock and input data or a more complicated file that includes error
checking, file input and output, and conditional testing.

. Go to implementation to simulation tab, right click on main source file and cfeate

Bench file for simulation.

I n order to view test files, sel ect t he

ADesigno panel I n the AProcess Pandad , 0
make sure that you diwlbiledakingml@akges.Daublg clickpm t &
ASi mul ate Behavioral Model 0 in the HAProc
with your test bench loaded.

10.1Sim simulator window will open with your simulation executed,where one can

simulate designs artheck errors if any.
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a) CreateHA .vhd file:

@ File Edit View Project Source Process Tools Window Layout Help

DREdLobxvwal 2R meac]sipc L)@
[Design ©88x] & 19 B
view: © {f Implementation ©) B Simuiaton 3= | 20 library IEEE;
=1 —| 21 wuse IEEE.STD_LOGIC 1164.ALL;
=| | Hierarchy 22 e =
| & HA - 23 -- Uncomment the following library declaration if using
—|& WS:W-“NQZUS_ 24 -- arithmetic functions with Signed or Unsigned values
dh o HA - Behavioral (HA.vhd) 25 --use IEEE.NUMERIC STD.ALL;
a 3 =
= —| 27 -- Uncomment the following library declaration if instantiating
A 28 -- any Xil primitives in this code.
2 op| 29 --library UNISIM; |
30 --use UNISIM.VComponents.all;
= Gl
s % 32 entity HA is
=il =5 Port ( a : in STD LOGIC;
‘ O 34 b : in STD LOGIC;
P [ 8 NoProcessesRuming o] s s : out STD LOGIC:
74 | Processes: HA - Behavioral 36 S Flout SI0-LOCIC).;
5 37 end HA; =
% X Design Summary/Reports 38 iV
= Design UAil .s 39 architecture Behavioral of HA is
% User Constraints 20
: 41 begin
) Implement Design o a0l isc=a xor b
(] Gene.ratergrammlpg File 33 Blcc= a and 'b;
%  Configure Target Device P
@+ Analyze Design Using ChipScope 4 lerid Behavioral:
46 hd
< . | »
|# stat| =8 peson [ Fies [ Liraries @ HA.vhd <1E3 Design Summary (Synthesized) x]|

Console

Process "Synthesize - XST" completed successfully

<[ [

Console ]_6 Emors | 1\ Wamings | (g8 Findin Fies Results

Fig. no.5.4: HA .vhdfile

b) CreateHA testbenchfile:

Ind2Cal12 VHNI
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L I5E Project Navigator (P20I31013) - DAHA\HAxise - A tbha’) - - " o e
Fie Edit View Project Source Process Tools Window Layout Help
nD2eg / 5 @l| » RARIA REOS| AP EL
Design 08 x = o
view: () {8 Inplementation © {2 Simulation 28 LIBRARY ieee;
= [pehavioral 29 USE ieee.std_logic_1164.ALL;
(g | Hierarchy -
= & Ha 32
B €3 xa3s400-4pqg28 33
@ iy HA_th - behavior (HA_tb.vhd) 3¢
35 ENTITY HA_tb IS
A 36 END HR tb:
% 37 E
: 36 ARCHITECTURE behavier OF HA_tb IS
- ST
%| 40 -
—| 4«
Q| =« COMPONENT Ha
| 82 NoProcesses Ruming e £ORT(
| No single design module is selected. e
| & Design Utities ::
47
4 4
M 49
50
51
52
53
5¢ B
‘ w v
& Start | &3 pesgn | Fies | [T Libraries HA.vhd b Design Summary (Synthesized) HA_th.vhd* a
Cansake +08x
€3 ERROR:ProjectMomt - & error(s) found wnile parsing design hierarchy. -
Started : "Launching ISE Text Editor to edit HA tb.vhd".
‘ i v
12 console |@ Erors | 1\ warnings | @4 Findin Fies Resuits
b 5m (20131013 - Deinc A Il . 1 =16 i

[ File Edt View Simulstion Window Layout Help

DVH LY B ®o oK ) B Mo
Instances and Processes 0 @ X||Objects =L F
Simulation Objects for ha_th 2

-EDENED: g

T @ r & ous3] 6z || |[@Redunch]

Instance and Process Name

F || Object Name Value /
J std_logic 1164 st lga 1 A
8 s logc 9 e
gb i a
lg s 0 o
e 1 1w
2r
4
L]
i
0
‘ m ) 1
& tnstenc.. | By Memory ||E]source || W v | Default. nefg a
Consale

WUARNING: A WEBPACK license was found.

WARNING: Please use Xiinx License Configuration Manager to check out a full 15m license,

WUARNING: ISim will run in Lite mode. Please refer to the ISim documentation for more information on the differences between the Lite and the Full version,
This is a Lite version of ISim.

Time resolutionis 1ps

Simulator is doing circvit iniislization process,

Finished circvit initialization process.

1Sim>

B Console ||| Compiatinlog | @ Breakponts | (24 FindinFlesResults |y Search Results

Fig. no.5.6 HA Simulationoutput

1 SampleVHDL codeto implement Half Adder and Full Adder:

1) Half Adder:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
uselEEE.STD_LOGC_ARITH.ALL;
uselEEE.STD_LOGIC_UNSIGNED.ALL,;
entity HA is
Port (A, B : in std_logic;
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S,C:outstd_logic);

end HA;
architectiredataflowof HA is
begin

S<= A xor B;

C<=A andB;

end dataflow;

2) Full Adder:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
uselEEE.STD_LOGC_ARITH.ALL;
uselEEE.STD_LOGIC_UNSIGNED.ALL,;
entity full_adder is
port(A, B, Cin:in bit;
S, C:out bit);
endfull_adder;
architecturedataof full_adderis
begin
S<=A xor B xor Cin;
C <=((A andB) or (B andCin) or (A andCin));
end data;

3) Program Statement for Student:Implement Half subtractor and Full subctractor using
behavioral model
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Xl

Resources

Table5.4 RequiredResources

Sr.
No.

Nameof Resource

Specifications

Quantity

Xl

Actual Procedure
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Xlll Observation Table (useblanksheetprovidedif spacenot sufficient)
a) Observationgor Half Subtractorfor ProblemStatenentgivento Student.
Table5.5Observatioriable

Input Output
A B Difference borrow
0 0
0 1
1 0
1 1

b) Observationgor Full Subtractorfor ProblemStatemengivento Student.

Table5.6 Observatiortable

Input Output
A B Bin Difference | borrow
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
XIV  Result
eééeééeéeeceéecéeéecéeécéeéeeceéeééeéeecéece
eéeééeéecéecéeceéecceeceééeecéecéecéecéecéece
eéeééeecéeeéeééecéecéececéecéecéecéecect
XV  Interpretation of result
eéeééeeéecéeéeecéeécceeéeecéeécceeceéecéeceecée
eéeééeceéeecéeécéeecéeecéecéecéeecceeceté
49
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XVl  Conclusionand recommendation
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XVIlI  Practical related questions

Note: Below given are few samplequestionsfor reference.Teachermust design

M-

[N

D

[N

more suchquestions so as to ensure the achievement of identified CO.

1. Write the VHDL codefor half addemusingBehaviorModelling.

2. Write the VHDL code forfull subtractomusingif-thenelsestatement

3. Write VHDL codefor full adderusingmixed styleof modelling
[Spacefor Answers] (If required attach separate pag
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XVl References/Suggestiorter further reading
Table5.7 References
Sr.No Link / Portal Description
1 https://deiitr.vlabs.ac.in/exp/haifull -subtractor/ To StudyandVerify Half andFull
Subtractotthrough Virtual lab
2 https://startingelectronics.org/software/VHDL AND GatesOR GatesandSignals
CPLD-course/tut?ZAND-andOR-gates/ in VHDL
3 https://www.tutorialspoint.com/visi_design/visi_des| VLSI Design- VHDL

ign vhdl intrauction.htm

Introduction,VLSI DesignUseful
Resources

XIX AssessmenScheme

Performance Weightage
Indicators
ProcesfRelated 15 60 %
Marks
1 | Codingability 30%
2 | Debuggingability 20%
3 | Follow ethicalpractices. 10%
Product Related: 10 40%
Marks
4 | Correctconnectiongo FPGABoard 20%
5 | Answerto samplequestions. 15%
6 | Timely Submission Answerto samplequestions. 05%
Total ( 25 Marks) 100%
Marks Dated signature of Teacher
Obtained
Process Process Total
Related(15) Related(10) (25)
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VI

Practical No.6: *Realize the Multiplexer on FPGA board

Practical Significance

Multiplexers are fundamental combinational building blocks used in communication, processor
data paths, ALUs, memory selection, and digital control circuits. Implementing MUX on FPGA
shown mapping behavioral logic to physical hardware. Enhances undergtahéiPGA pin
mapping, constraints file usage, HDL coding styles, and verification methods. Helps students
correlate simulation results with actual hardwagbaviour.

Industry/Employer ExpectedOutcome

The aim of this course is to attend following intyw&employer excepted outcome through
various teaching learning experiences:

A D e v ¥lSbhasecelectroniccircuit/componentising HDL . 0

CourselLevel Learning Outcome
UseVHDL to developand test digitatircuits.

Laboratory Learning Outcome
LLO 6.1 Testthefunctionality of4:1 multiplexerusingVHDL code

Relevant Affective Domain related outcomes
1 Follow safepractices.

1 Maintaintoolsandequipment.
1 Follow ethicalpractices.

RelevantTheoretical Background

A multiplexer(MUX) is acombinationaktircuit thatselectneinput out of multiple data
inputs and forwards it to the output based on sdileetvalues.

4:1 Multiplexer Structure:

T 4 datainputs:D0, D1, D2, D3

T 2 selectinputs:S1,S0

1 1 output:Y

Sll Sl
Dy _Joo
Dl — 01
Out
D, 10

Fig. no.6.1Block Diagramof 4:1 Multiplexer
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1 Truth Table of 4:1 MUX
Table6.1: Truth Tableof 1:4 Multiplexer

S1 SO Output Y
0 0 DO

0 1 D1

1 0 D2

1 1 D3

Vi a) SuggestedPractical Sample:

10-pin Female Connector

(Connects to target printed N
arcuit board 10-pin male header.) ~ & Y
LED Color Description
Off Not connected or suspended f =
Blue Connected at 12MHz (USB full speed) Neeid
Teal Connected at 480MHz (USB high speed) =
Green JTAG port open, idle

Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable

(1)

Fig. no.6.2 PracticalSetupwith JTAG CABLE

b) Actual Practical Setup usedn laboratory with related equipmentrating:
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VIl Required Resources/apparatus/equipmentvith specifications
Table6.2 RequiredResources
Sr.No Instrument / Specification Quantit
' Components P y
Device: Xilinx FPGA (XC3S400PQ208),0nboard
+5V, +3.3V, +2.5V supply to FPGAand other
1 FPGA hardware circuit.,, On board, 2 Crystal 8Mind 1No
' Developmenkit 25MHz. JTAG Interface (Boundary Scan),PR( '
Interface (XCF02S),40pin, 4 headerconnectorfor
externall/O's
Loaded with open sourdBE, simulation and
2. DesktopPC programdownloadingsoftware UPSandAntivirus. 1 No.
IX Precautionsto be followed
1. Checkthesyntax/ rules ofVHDL Programming.
2. Do not powerup theboardbeforecompletingconnections.
X Procedure
1. Create the XilinxISE project for your toplevel FPGA design, by doing the following in

ISE:

. In the ISE software, select File > New Project. In the Project name and Project location

fields, enter the project name and location, respectively.

. SelectHDL or Schematiasthe T@-level source typeandclick Next
. CreateNew Sourcefile. SelectSourceT y p seléctthe Sourcetype andgive the nameto

thesourcethen clicki Ne xt 0 .

. DefineMo d u Erdgeo theentity usedn designand therclick i Ne x t o .
. Develop VHDL code for given problerand synthesize the .vhd file and view RTL

schematic.

. Create Test Bench fié\ test benclis HDL code that allows you to provide a documented,

repeatable set of stimuli that is portable across diffesiemtlators. A test bendatan be as
simple as a file with clock and input data or a more complicated file that includes error
checking, file input and output, and conditional testing.

. Go to implementation to simulation tab, right click on main source fitk @eate Test

Bench file for simulation.

.I'n order to view test files, sel ect t he
ADesigno panel. I n the AProcess Panedd, 0O
make sure that vy oaxerrdrs whitednakinghchdnges.oabje clekyon

ASi mul ate Behavior al Model 6 in the APr o«

with your test bench loaded.

10.1Sim simulator window will open with your simulation executed, where onesgaunlate

designsand check errors if any.
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a) Created:1 multiplexer.vhd file:

X
[) File Edt View Project Source Process Tools Window Layout Help -]#8]x]
DAEHAL kD0 X[wa| £ 2RR AR BB FRPELLQ
Dsn  wD&X ,
[w Y = " i ! :g library ieee;
| Yo @: 1% Incleneniokon ©) i Sk 52 Je  useiceestd logic_1164.all
2| | Hierarchy
&l 29
f & Mux © 30 entity mux4tol is
<l 0 3s00-4pg26 31 port(
i) [Res MUK Behavioral MUXvhd) 32 d:instd_logic_vector(3 downto 0); -- DO to D3
2 33 s :in std_logic_vector(1 downto 0); -- Select lines
)
- ; 34 y - out std_logic );
;: end muxdtol;
P %
= %| 31 architecture behavioral of mxdtol is
4 %| 39 begin i
ol * process(d, s)
J| a1 begin
: 82 NoProcesses Ruming O =2 case s is
74| Processes: MUX - Behavioral = :i when "00" => y <= d(0);
" hen "01" => y <= d(1);
£ Design Summary/Reports Wi ¥
= Design Utiies :: when "10" => y <= d(2); ’
2 User Constraints e when "11" =>y <= d(3);
- when others =>y <="0";
“|@ &)  Implement Design :: end case;
€)  Generate Programming File 50 end process;
@@  Configure Torget Device % end behavioral:
€ Analyze Design Using ChipScope 52
53 =
1 | m | )
|2 Strt| B8 Desgn [0 Fles [ Q) trans| | [B) MaXhd 1k Y6 x]|
Console “O8X
Process "Synthesize - XST" completed successfully >
«| m »
Consoe | @) Erors | 1) Wamings | 86 FrdnFlesResds |
b) Create4:1 multiplexertestbenchfile:
[ e e =

@ File Edt View Project Source Process Tools Window Layout Help

NEE
DAEG|L]i0bexva| [ 2,28 2R a0z pef[Q
|Desgn «08x [ & R
(i |vew: © fff inglementaton © Efsmiaton = | €1 -- Stimufus Process
e ohaviora == ez " 7

&l 23 stim_proc: process

[y | Hierarchy ° 84 begin

&ls g:?w 9208 :: -- Test Case 1

oo |8 pq — " — A" P &

E ® [ muxth- ior (i thvhd) : :; ?_;ﬁgﬁlg; <="00"; wait for 10 ns;

E Al e d<="0010"; s <="01"; wait for 10 ns;

@ » :: -- Test Case 3

== A e d<="0100"; s <="10"; wait for 10 ns;

i o I -- Test Case 4
0| & d<="1000" s <="11" wait for 10 ns;

P | 4 NoProcesses Ruming | s -- Additional Tests

P4} | Processes: mux_tb - behavior = || 5k d<="1100"; s <="00"; wait for 10 ns;

%[= P ismsmubtor - d<="1100"; s <="01"; wait for 10 ns; -

% 100 d<="1100" s <= "10" wait for 10 ns;

= Sm— 101 d<="1100"; s <= "11"; wait for 10 ns; s

o 102 5

103 wail,
104 end process: p
108 end architecture sim;
106
107 ¢
il o )
|2 st 23 Desgn [ Fes [ Q) Lorares| | B maxvhd oJE R mx_tb.vhd <]

(Conscle ~0&x
ISim simulation engine GUI launched successfully -
Process "Simulate Behavi 1 Model®™ 1 d 11y o

<[ [ 7— » i

2] Consdle | @ Brors | ) Wamnge | 28 FdinFlesResls
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1 SampleVHDL Codeto Implement 4:1 MUX
1. Behavioral Model:

library ieee;

useieee.std_logic_1164.all;

entitymux4tolis

port(

d:in std_logic_vector(8lownto0); -- DO to D3
s:instd_logic_vector(Hdownto0); -- Selectlines
y : out std_logic);

endmux4tol;

architecturdehaviorabf mux4tolis
begin

process(ds)

begin

casesis

when"00" =>y <=d(0);
when"01" =>y <=d(1);
when"10" =>y <=d(2);
when"11" =>y <=d(3);
when others =>y <=0/,
end case;

end process;
endbehavioral;

2. Testbench for 4:1 Multiplexer
library ieee;
useieee.std_logic_1164.all;

entitytb_mux4tolis
end entity;

architecturesim oftb_mux4tolis

signald : std_logic_vector(8lownto0) := (others=>'0";
signals: std_logic_vector(HowntoO) := (others =>0');
signal y : std_logic;

-- ComponenbDeclaration
component mux4tol

port(

d:in std_logic_vector(3owntoO0);
s:in std_logic_vector(owntoO);
y : out std_logic

)i

endcomponent;
begin

-- Instantiatethe Unit UnderTest(UUT)
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UUT: mux4tol
port map(
d=>d,

s=>s,

y=>y

);

-- StimulusProcess
stim_proc: process
begin

-- TestCasel
d <="0001";s<="00"; wait for 10 ns;
-- TestCase?
d <="0010";s<="01"; wait for 10 ns;
-- TestCase3
d <="0100";s<="10"; wait for 10 ns;
-- TestCase4
d <="1000";s<="11"; wait for 10 ns;

-- Additional Tests

d <="1100"; s<="00"; wait for 10 ns;
d<="1100";s<="01"; wait for 10ns;
d <="1100";s<="10"; wait for 10ns;
d<="1100";s<="11"; wait for 10 ns;

walit;
endprocess;
endarchitecturesim;

2. Program Statementfor Student: Implement4:1 MUX using DataflowModel
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XI. Resources
Table6.3Resources

Sr. Name of Resource Specifications Quantity
No.

1

2

3

XIl.  Actual Procedure

> > ™ ™ O D D D D D D
> > D> D> D D D D D D D
> > ™ ™ O D> D D D D D
> > D> D> D D D D D D D
> > > ™ O D D D D D D
> ™ D> D> D D D D D D D
> ™ ™ ™ O D D D D D D
> > > ™ O D D D D D D
> ™ D> D> D D D D D D D
> > > ™ O D> D D D D D
> > ™ ™ O D> D D D D D
> ™ D> ™ O D D D D D D
> > ™ ™ O D D D D D D
> > D> ™ D D D D D D D
> > ™ ™ O D> D D D D D
> ™ D> ™ O D D D D D D
> > ™ ™ O D D D D D D
> ™ D> ™ O D D D D D D
> ™ D> ™ O D D D D D D
> > ™ ™ O D> D D D D D
> > > D FH D D D D D D
™ > D> D g D D D D D D
> D> D> D g D D D D D D
™ > D> D g D D D D D D
> > D> Do D D D D D D
™ > D> D g D D D D D D
> D> D> Do D D D D D D
> > > D> g D D D D D D
™ > D> D g D D D D D D
™ > D> D g D D D D D D
> > D> D g D D D D D D
™ > D> D o D D D D D D
™ > D> D g D D D D D D
™ > D> D g D D D D D D
™ > D> D g D D D D D D
™ > D> D g D D D D D D
> D> D D ™ D> O D D D

D
-
D
-
D
-
D
D
-
D
D
-
D
-
D
-
D
-
-
-
D
N
D
N
D
N
D
N
N
D
-
N
-
N
-
N
-

XIll. Observation Table use blank shegtrovided if space not sufficient)
Observationgor 4:1 MUX for ProblemStatemengivento Student.
Table6.4 Observatiortable

SO S1 Y
0 0
0 1
1 0
1 1
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Note: Below given are few samplequestionsfor reference.Teachermust design more
suchquestions so as tensure the achievement of identified CO.
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XVIIl  References/Suggestiorfer further reading

Tableno.6.5References

ﬁ cr). Links/ Portal Description

https://www.tutorialspoint.com/visi_design/vhdl_prog

mming_for_combinational_circuits.htm VHDL ProgrammingzombinationalCircuits

o |https://buzztech.in/vhehodellingstylesbehavioral VHDL Modelling Styles:Behavioral,

dataflowstructural Dataflow, Structural
3 https://deiitr.vlabs.ac.in/exp/multiplexer Implementatiorof 4x1 multiplexerand1x4
demultiplexer/theory.html demultiplexer using logic gates.

XIX AssessmenScheme

Performancelndicators Weightage
ProcessRelated: 15 Marks 60 %
1 | Codingability 30%
2 | Debuggingability 10%
3 | Follow ethicalpractices. 20%
Product Related: 10 Marks 40%
5 | Correctconnectionso FPGABoard 20%
6 | Answerto samplequestions. 15%
7 | Timely Submission Answerto samplequestions. 05%
Total ( 25 Marks) 100%
Marks Obtained Dated signature of Teacher
ProcesRelated | ProcesRelated Total
(15) (10) (25)
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Practical No.7: Realizethe De-multiplexer on FPGA board |

Practical Significance

VI

De-multiplexers (DEMUX) are essentiabmponents in digital systems where a single data
input must be routed to multiple destinations based on deleatontrol. A 1:8 DeMultiplexer
(DEMUX) is widely usedin digital systemdo routea singledatainput to oneof eight output
lines. Byimplementing the D&MUX in VHDL and downloading it onto an FPGA, students
gain exposure to synthesizable HDL codipigp assignmentand timingverification

Industry/Employer ExpectedOutcome

The aim of this course is to attend following industry/emetaxcepted outcome through
various teaching learning experiences:

A D e v ¥lUSbhasecelectroniccircuit/componentisingV HDL . 0

CourselLevel Learning Outcome
UseVHDL to developand test digitatircuits.

Laboratory Learning Outcome
LLO 7.1 Testthefunctionalityof 1:8 De multiplexerusingVHDL code.

Relevant Affective Domain related outcomes
1 Follow goodcodinganddocumentatiompractices foreproducibldab results.

1 Maintaintoolsandequipment.
1 Follow ethicalpractices.
1 Workin pairsto crosschecktestvectorsandboardresults.

RelevantTheoretical Background

A DEMUX performsthe reverseoperationof a multiplexer.It takesoneinput (D) andsends
it to one active output among eight outputs, depending on the three select lirgs, (SQ).
1:8 De multiplexer

1 Input (Din): Singledatainput

1 SelectLines(S2,S1,S0): Choosewhich outputreceiveghe data

1 Outputs(YO to Y8): Oneactiveatatime

D; ,——»>
n 1:8 —oYg

DEMUX . v Outputs

Sz S1 So
Select lines

Fig. no.7.1: Block Diagramof 1:8 Demultiplexer
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1 Truth Table of1:8 DEMUX

Table7.1: Truth Tableof 1:8 Demultiplexer

n
N
n
=
9]
o

Activated Output | Y7 | Y6 | Y5 | Y4

<
w
<
N
<
[ERN

<
o

YO=D

Y1=D

Y2=D

Y3=D

Y4 =D

Y5=D

Y6 =D

RPIRPRPRPOOIO|IO
RPIRPO O FLIOIO
RPIOIRP ORI O|IFr| IO

Olo|lo|lo|o|o|o|O
o|U|lojo|o|o|o|o
o|o|lU|o|o|o|jo|o
o|lo|o|U|o|jo|o|o
o|lo|o|o|0|o|o|o
o|jojojo|jo|TU|o|o
o|o|lo|o|o|o|T0|o

Y7 =D

o|o|lo|o|o|o|o|0

Vi Circuit diagram

a) SuggestedPractical Setup:

LED Color

10-pin Female Connector
(Connects to target printed
circuit board 10-pin male header.)

Description

Off

Blue

Teal

Green

Green fiickering
Magenta blinking

Not connected or suspended
Connected at 12MHz (USB full speed)
Connected at 480MHz (USB high speed)
JTAG port open, idle

JTAG port open, active

Set by user fo identify a cable "

Fig. no.7.2 PracticalSetupwith JTAG CABLE

b) Actual Practical Setup usedn laboratory with related equipmentrating:
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VIl Required Resources/apparatus/equipmentvith specifications
Tableno.7.2RequiredResources
Sr. Instrument / T .
NoO Components Specification Quantity
Device: Xilinx FPGA (XC3S400PQ208),0nboard
+5V, +3.3V, +2.5V supply to FPGAand other
1 FPGADevelopment | hardware circuit., On board, 2 Crystal 8Mknd 1 No
kit 25MHz. .JTAG Interface (Boundary Scan),PR( '
Interface (XCF02S),40pin, 4 headerconnectorfor
externall/O's
2 | DesktopPC Pgrsonal computer wﬂlla}est cpnflguratlon. Loadec 1 No.
with opensource IDE, simulation and program
downloading software, UPS and Antivirus.
IX Precautionsto be followed
1. Checkthesyntax/ rules ofVHDL Programming.
2. Do not powerup theboardbeforecompletingconnections.
X Procedure
1. Create the XilinxISE project for your topevel FPGA design, by doing the following in

2.

ISE:
In the ISE software, select File > New Project. In the Project name and Project location
fields, enter the project name dodation, respectively.

. SelectHDL or Schemati@sthe Toplevel source typeandclick Next
. CreateNew Sourcefile. SelectSourceT y p seléctthe Sourcetype andgive the nameto

thesourcethen clicki Ne xt 0 .

. DefineMo d u Erdgeo theentity usedn designand therclick i Ne x t o .
. Develop VHDL codefor given problem and synthesizethe .vhd file and view RTL

schematic.

. Create Test Bench fié\ test benclis HDL code that allows you to provide a documented,

repeatable set of stimuli thatpsrtable across different simulators. A test bera be as
simple as a file with clock and input data or a more complicated file that includes error
checking, file input and output, and conditional testing.

. Go to implementation to simulation tab, righick on main source file and create Test

Bench file for simulation.

I n order t o view test fil es, sel ect t he
I

ADesigno panel n the AProcess Pandad , O
make suretht you di dndét make any syntax error
ASi mul ate Behavioral Model 0 in the APr o«
with your test bench loaded.

10.1Sim simulator window will open with your simulation executed, vehame carsimulate

designs and check errors if any.
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a) Createl:8 Demultiplexer.vhd file:

g2 1013 UX\MU

[ File Edt View Project Source Process Window Layout Help
DAL 4DDOX[wa| 2238 2RIRRE02 LR PEL)Q
[Desgn w08X [ 26 . =
= — = library ieee;
i Ve @ &mum % im ’_ ;; use ieee.std_logic_1164 all;
2| | Hierarchy
& 29
@ & Mux il | entity mux4to] is
—| & 0 m3k0-4pqg26 31 port(
do o MUX - Behavioral (MUXvhd) 32 d:instd_logic_vector(3 downto 0); -- DO to D3
&l 2 33 s zin std_logic_vector(1 downto 0); -- Select lines
= il IS4 y - out std_logic );
A :: end mux4tol:
B b3
= %| 31 architecture behavioral of mmxdtol is
L X begin i
39
% 40 process(d, s)
4 41 begin
L € NoProcesses Running B « st
1| Processes: MUX - Behavioral = :i when "00" => y <= d(0);
. hen "01" => y <=d(1);
L Design Summary/Reports b .
o Y  Design Utiities :: when "10" => y <= d(2); |
1 User Constraints s when'll"=>y<=d0);
= when others =>y <="0";
“|@ 8 Implement Design :: end case;
€)  Generate Programming File 50 end process;
&% ConﬁgmtTfrgethvke i 51 end behavioral;
€4 Analyze Design Using ChipScope 52
53 -
«| [ ] )
j,m!wm!énﬂhm{@ MUXvhd g_[z: Design Summary (Synthesized) ]|
Console #08x
Process ze - XST" leted fully L
< . )
(6] Console | @ Erors | L) Wamngs | FdinFies Resuls |

b) Createl:8 Demultiplexertestbenchfile:

i ISE Project 3 e
[2) File Edt View Project Source Process Tools Window Layout Help =|=lx
DAL 4D0X|0a| s A,BB 2R RETLRIPELIQ
|Desgn «08Xx| & g0 -
(i | Wew: © $8} tnplementaton © [l smuston 5=| €1 -- Stimulus Process
] [Behavioral = = ;g stim_proc: process
[fy | Hierarchy o | 84 begin
=1} E:;"W . :2 -~ Test Case 1
o B P ey d<="0001"; s <="00"; wait for 10 ns;
@ th - behavior (mux tbvhd) | | &7 : . >
Q B e e —| =8 -- Test Case 2
a Al e d<="0010"; s <= "01"; wait for 10 ns;
2 » :2 -- Test Case 3
= A o d<="0100"; s <= "10"; wait for 10 ns;
i od -- Test Case 4
o] & d<="1000" s <="11"; wait for 10 ns;
P | 0 NoProcesses Ruming ©| 9 -- Additional Tests
F4; | Processes: mux_tb - behavior = [ 5 d<="1100"; s <= "00"; wait for 10 ns;
%o ismSmutto - d<="1100"; s <="01"; wait for 10 ns; 3
P VR L 100 d<="1100"; s <= "10"; wait for 10 ns;
N " _ 101 d<="1100"; s <= "11"; wait for 10 ns; =
- 102 i
. 103 wait;
104 end process: 3
108 end architecture sim;
106
107 v
N ] »
[ strt] 38 pesgn [0 Fles [ traniss| B mox.vhd [ L Desnsumay(Syntheszed) L D mux_th.vhd ol
Consdle “O8 X
ISim simulation engine GUI launched successfully ;
Process "Simulate Behavi 1 Model"™ leted 11y =
CJ —— » 3

(2] corsde [@ Erors | 1) Wamings | 28 FrdinFesResuts |
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1 SampleVHDL Codeto Implement 1:8 DEMUX

1.

Behavioral Model:
library ieee;
useieee.std_logic_1164.all;

entitydemux1to8s

port(

d :instd_logic;

s:in std_logic_vector(2lownto0);

y :outstd_logic_vector(downto0));
end demux1to8;

architecturéoehaviorabf demux1to8s
begin

process(ds)

begin

y <= (others=>"'0"); -- defaultall zero
casesis

when"000" => y(0) <=d;
when"001" =>y(1) <=d;
when"010" =>y(2) <=d;
when"011" =>y(3) <=d;
when"100" =>y(4) <=d;
when"101" =>y(5) <=d;
when"110" => y(6) <=d;
whenothers=>y(7) <=d;

end case;

end process;

endbehavioral;

Testbench for 1:8 Demultiplexer
library ieee;
useieee.std_logic_1164.all;

entitytb_demux1to&s
end tb_demux1to8;

architecturesimof tb_demux1to&s

signal d : std_logic :="'0";

signals: std_logic_vector(2lownto0) := (others=>"0");
signal y : std_logic_vector(7 downto 0);

componentdemux1to8

port(

d :instd_logic;

s :in std_logic_vector(2 downto 0);
y : out std_logic_vector(downtoO)
)i

endcomponent;
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begin

UUT: demux1to8
port map(

d=>d,

S=>s,

y=>y)

stim_procprocess
begin
d<="1}

s<="000"; wait for 10 ns;
s<="001"; wait for 10 ns;
s<="010"; wait for 10 ns;
s<="011"; wait for 10 ns;
s<="100"; wait for 10 ns;
s<="101"; wait for 10 ns;
s<="110"; wait for 10 ns;
s<="111"; waitfor 10 ns;

d<="'0,
s<="010"; wait for 10 ns;
s<="111"; wait for 10 ns;

wait;
endprocess;
end sim;

2. Program Statementfor Student: Implementl:8 Demultiplexerusing DataflowModel
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Xl.  Resources
Sr. L .
No. Nameof Resource Specifications Quantity
1
2
3
XIl.  Actual Procedure
Eééééeeecéééceeeceeceeeececeeeeeceeeeeeecece
Eééééééeecéééceeeceeeeeeceeeeeceeeeeeececee
Eéééeéeécééeééééeeééeceeeeeeeeeeeeeeeececec
Eééééeeecéééceeeeceeceeeeeceeeeeceeeeeeececete
Eéééeéeécééeééééeeécééeceeéeeeeeeeeeeeeeecec
Eéééeéeécééeéééééeééeceeéeeeeeeeeeeeeeeceec
Eééééeécééeééééeeééeeceeeeeeeeeeeeeeeeceec
Eééééééeécéééeceeceeceeeeceeceeeeeceeeeeeececee
Eééééééeécéééeeceececeeceeeceeceeeeeceeeeeeececete
. 6éééééééééeeceeeeeeceeeceeceeeeeeeceeeceeeceeece
XIll.  Observation Table (se blank sheet provided if space not sufficient)
Observationgor 1:8 Demultiplexerfor ProblemStatemengivento Student.
Table7.3 Observatiortable
Input Data Output
S2 | S1| SO D Y7 | Y6 | Y5 | Y4 | Y3 | Y2 | Y1 | YO
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
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XIV. Result

é

XV. Interpretation of result

é

XVI.
é

é

XVII.
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Note: Below given are few samplequestionsfor reference.Teachermust design

more suchquestions so as to ensure the achievementidéntified CO.

1. Modify the VHDL codeto implementanactive-high enablenput

2.
3.

(N (N ([N ([N (N (N ([N ([N D~ D~ ([N D~ D~ ([N ([N

[N

Explain the behavior of the circuit if the select lines take undefined values (X or Z).

Write the VHDL code forl:4 demultiplexeusingthe 6 ie il statément.

([N ([N ([N ([N ([N ([N ([N D [ON [ON D [ON [ON D ([N

[N

(N (N ([N ([N (N (N D~ ([N D~ D~ ([N D~ D~ ([N ([N

[N

([N ([N ([N ([N ([N ([N ([N D [ON [ON D [ON [ON D ([N

[N

(N (N ([N ([N (N (N ([N ([N D~ D~ ([N D~ D~ ([N ([N

[N

(ON (ON ([N ([N (ON (ON ([N D [ON [ON D [ON [ON D ([N

[N

(N (N ([N ([N (N (N ([N ([N D~ D~ ([N D~ D~ ([N ([N

[N

(ON (ON ([N ([N (ON (N ([N D [ON [ON D [ON [ON D ([N

[N

[Space forAnswers] (If required attach separate page)

(N (N ([N ([N (N (N ([N D [ON [ON D [ON [ON D ([N
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o> o> > D D> Dy D Dy D D D D D D D D D D D D D D D D D D Dy Dy Dy Dy
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XVIIl  References/Suggestiorter further reading
Table 7.4 References
Sr. . -
NoO Link Description
Dataflow Style of Modelling,
1 https://buzztech.in/vheinodellingstyles BehavioralStyleof Modelling,
behavioraldataflowstructural Structural Style of Modelling,
RTL Design:
2 https://www.tutorialspoint.com/visi_g&n/vhdl VHDL Programming
programming_for _combinational circuits.htm CombinationaCircuits
3 https://www.rfwirelessvorld.com/source 1x8 DemultiplexeWHDL Source
code/VHDL/1X8DEMUX-vhdl-codehtml Code
4 http://vhdibynaresh.blogspot.com/2013/07/desiéHi- Design of 1 : 8 Demultiplexer
8-demultiplexerusingwhen.html UsingWhenElse(VHDL Code).
XIX  AssessmenBcheme
Performancelndicators Weightage

ProcessRelated: 15 Marks 60%
Codingability 30%
Debuggingability 10%

Follow ethicalpractices. 20%

Product Related: 10 Marks 40%
Correctconnectionso FPGABoard 20%
Answerto samplequestions. 15%

Timely Submission Answerto sample 05%
questions.
Total ( 25 Marks) 100%
Marks Obtained Dated signature of Teacher
ProcesRelated | ProcesRelated Total
(15) (10) (25)
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Vi

Practical No.8: Design4:2 encoderon FPGA board

Practical Significance

A 4:2 encoder is a key combinational circuit widely used in digital systems to convert

one of several active inputs into a smaller set of binary outputs. They are mainly used in
logical circuits as well as data transfer circuits. This practwlahelp the students to

gain experience with FPGA synthesis, pin assignment, and testing, Develop skills for
implementing digital components used in processors, interrupt controllers, and

communication systems.

Industry/Employer ExpectedOutcome

The aim of this courseis to attendfollowing industry/employerexcepted
outcome through various teaching learning experiences:

A D e v ¥lSbhasecelectroniccircuit/componentising HDL . 0

CourselLevel Learning Outcome
UseVHDL to developand test digitatircuits.

Laboratory Learning Outcome
LLO 8.1Interprettheoutputof 4:2 encodeusingVHDL code.

Relevant Affective Domain related outcomes

1 Follow goodcodinganddocumentatiompractices foreproducibldab results.
1 Maintaintoolsandequipment.

1 Follow ethicalpractices.

1  Workin pairsto crosschecktestvectorsandboardresults.

RelevantTheoretical Background

Encoders are crucial components in various digital electronics applications sileta as
transmission, controlling and automation, communication, signal processing, etc.An
encoder consists of a certain number of input and output lines. Where, an encoder ca
have maximum of "2 input lines Whereas "n" output lines. Hence, an encoder escod
information represented by™2input lines wi@ "n" bits.

A 41to 2 Encodeis atypeof encodemwhich has4 (22)inputlines and outputlines. It
produces an output code (i.e., convert input information iid fdrmat) depending on

the combinatiorof input lines. The block diagram of a 4 to 2 Encoder is shown in the
following figure.

lp ——

| 4:2 Yo

! Binary

|y ——— Y,
Encoder

Fig 8.1: Block diagramof 4:2 encoder
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M Truth Tablefor 4:2 Encoder
Table8.1Truth Tablefor 4:2 encoder

Input Output
13 12 11 10 Y1 YO
0 0 0 1 0 0
0 0 1 0 0 1
0 1 0 0 1 0
1 0 0 0 1 1

Vi Circuit diagram
a) SuggestedPractical Sample:

10-pin Female Connector
(Connects to target printed )
@

circuit board 10-pin male header.) -
7
e O
LED Color Description
Off Not connected or suspended fl =
Blue Connected at 12MHz (USB full speed) : N
Teal Connected at 480MHz (USB high speed) ; ' Z

Green JTAG port open, idle
Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable "

Fig. no.8.2 PracticalSetupwith JTAG CABLE

b) Actual Practical Setup usedn laboratory with related equipmentrating:
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VIii

R

equired Resources/apparatus/equipmentith specifications
Tableno.8.2RequiredResources

Sr.
No.

Instrument /

Components Specification Quantity

FPGADevelopment | hardware circuit., On board, 2 Crystal 8Matad
| kit

Device:Xilinx FPGA(XC3S400PQ208),0rboard
+5V, +3.3V, +2.5V supply to FPGAndother
25MHz. . JTAG Interface(BoundaryScan),PROM 1 No.
Interface(XCF02S),4(0pin, 4 headeiconnectoifor
externall/O's

.| DesktopPC

Personal computer with latest configuration. Load
with opensource IDE, simulation and program
downloading software, UPS and Antivirus.

1 No.

P
1
2

recautionsto be followed
. Checkthesyntax/ rules ofVHDL Programming.
. Do not powerup theboardbeforecompletingconnections.

Procedure

1.

2.

1

Create the XilinxISE project for your togievel FPGA design, by doing the following in
ISE:

In the ISE software, select File > New Project. In the Project name and Project location
fields, enter the projectame and location, respectively.

. SelectHDL or Schemati@sthe Toplevel source typeandclick Next

. CreateNew Sourcefile. SelectSourceT y p seléctthe Sourcetype andgive the nameto
thesourcethen clickii Ne x t 0 .

. DefineMo d u Erdgeo theentity usedn designand therclick i Ne x t o .

. Develop VHDL codefor given problem and synthesizethe .vhd file and view RTL
schematic.

. Create Test Bench fié\ test benclis HDL code that allows you to provide a documented,
repeatable set of stimuhat is portable across different simulators. A test beaahbe as
simple as a file with clock and input data or a more complicated file that includes error
checking, file input and output, and conditional testing.

. Go to implementation to simulation tatight click on main source file and create Test
Bench file for simulation.

.I'n order to view test files, sel ect t he
ADesigno panel I n the AProcess Pandad , 0
makesur e that you didndt make any s
ASi mul ate Behavioral Model o0 in th
with your test bench loaded.

0.1Sim simulator window will open with your simulation executed, where onestanlate
designs and check errors if any.

ynt ax
e APr o«
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a) 4:2encoder.vhd file diagram :-

& |SE Project Navigator (P.20131013) - F:\I SCHEME\VI SEM | SCHEME\DECODER2TO4\DECODER2TO4 xise - [DECODE2TO4.vhd] - a X
%) File Edit View Project Source Process Tools Window Layout Help &
Y= Yo | » B LB RIABRE IR L
Desgn 08X § . derdtod ~
View: @ {5} implementation O gl Smulation 5 entity encoderstoz is
] | Hierarchy 22 port(
i @ DECODER2TO4 = 55 i:instd logic_vector(3 downto 0);
- 0 xc35400-5pq208 = I g :
[, decoser! - bhv (DECODE2TOAN 23 y - out std_logic_vector(1 downto 0) );
= 57 end encoderdto2;
o 28
a A 29 5 5 s
: so  architecture behavioral of encoderdto? is
¢ 2 :
3, begn
33 process(i)
|< > e :
O| 3 begin
P | T2 NoProcesses Running 36 caseiis
o | on(cﬂc'a decoder! - bhv A S when"0001" =>y <="00";
s View RTL Schematic G Y W WO,
2 w Technology Schema... ;“ when "0010" =>y <="01";
€2 Check Syntax 51 Wwhen"0100"=>y<="10";
= #)  Generate Post-Synthesis S... z TR Bl
5 €3E) Implement Design "; when "1000" => y <="11";
22®) Generate Programming File %3 when others => y <="00"- -- default
@  Configure Target Device s = '
%  Generate Target PROM/A... e end case;
%  Manage Configuration Pr... . end process; o
@ Analyze Design Using ChipSc... . ‘- % 5
> St U3 Desgn L) Fles () Lbranies Design Summary (Programming File Generated) ) DECODEZIO4vhd [J | &) decoderl RTLY) #  decodert (Tech1) Y tb_decoder1.vhd
View by Category “0&Xx
Design Objects of Top Level Block Properties of Instance: decoderl
Instances Pins Signals Name Value A
4y decoder! 4 oy decoder i o decoder Type decoderl:1
OriginalSymbol decoder! G
| Console @ Errors 1\ Warninas A Find in Fles Resite Vs hu Catannry
& ISE Project Navigator (P.2 ) - FA\l SCHEME\V] SEM | SCHEME\DECODER2TO: DER2TOA.xis - 8 X
D) File Edt View Project Scurce Process Tools Window Layout Help -
12 00| » gA=E =R PEL
»08&Xx N
D) 3 inplementaton © & semdatin stim_proc: process
begin
i<="0001"; wait for 10 ns;
o 1<="0010"; wait for 10 ns;
% th_decoder! - behavior (th_decod ORGP ", . "
X - <= y
& [ wut - decoder! - bhv (DECODE! l "0100"1 W a‘}t for 10 ns;
11 <="1000"; wait for 10 ns;
2 e Wait;
- 3 end process:
< > .
P ) NoProcesses Running < 5
o | Pro oder! - behavior 44 end sim;
mulator 2
- eck Sy 29
A %
- e
50
53
54 v
< >
# St B3 Desen Fles L) Lbraries Design Summary (Programming Fie Generated) 5] DECODEZTOM4.vhd ] decoder1 RTLY) ¥ decoder] (Tech1) ) &_decodertvd 3
View by Category w08 X%
Design Objects of Top Level Block Properties of Instance: decoderl
Pins Name Value A
i gy decoder) i g decodert Type decoderl:)
OriginatSymbel decoder] i
| Consde @ Erees I\ wamings 9 FndinFlesResuts View by Category

Fig. no. 8.4. 4:2encoderTestbenchfile

400 ns

Fig. no.8.5. 4:2encoder Simulatiowaveforms
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1 SampleVHDL Codeto Implement 4to 2 encoder

1. VHDL Codeusingif elsestatement(Behavioral Model).:
library ieee;
useieee.std_logic_1164.all;

entityencoder4tois

port(

I in std_logic_vector(3 downto 0);
y : out std_logic_vector(@lowntoO)
)i

endencoder4to?;

architecturdoehaviorabf encoder4tos
begin

process(i)

begin

caseiis

when"0001"=>y <="00";
when"0010"=>y <="01";
when"0100"=>y <="10";
when"1000"=>y <="11";
whenothers=>y <="00"; -- default
end case;

end process;

endbehavioral;

2. VHDL Testbenchfor 2 to 4 decoder.
library ieee;
useieee.std_logic_1164.all;

entitytb_encoder4to’
end tb_encoder4to2;

architecturesim oftb_encoder4to’
signali : std_logic_vector(8lownto0) := (others=>'0";
signal y : std_logic_vector(1 downto 0);

componenencoder4to2

port(

i - in std_logic vector(3 downto 0);
y : out std_logic_vector(flowntoO)
)i

endcomponent;

begin

UUT : encoder4to?2
port map(

i =>,

y=>y)
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stim_proc:process

begin

i <="0001"; wait for 10 ns;
i <="0010"; wait for 10 ns;
i <="0100"; wait for 10 ns;
i <="1000"; wait for 10 ns;
walit;

endprocess;

end sim;

3. Program Statement for Student:Design VHDL Code for 8 to 3 encoder using if else
statement
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XI.

Resources

Tableno.8.3Resources

Sr.
No.

Nameof Resource

Specifications

Quantity

XIl. Actual Procedure

XIll. Obser

XIV.

XV.

Interpretation of result

é

o O O O D D D

[N

7

e

D D D~ D~ [N ([N [}

[N

7z

e

o > > D> D D Dy D

([N

é

([N [N D~ [N D~ [N

[N

é

e

7z

e

o O O O D D D
o> Dy D DO D Dy D
o O O O D D D
o O O O D D D

[N

é

D
[N

7

e

7

e

D
([N

s 7z oz

éééé

([N [N ([N [N ([N [N

[N

é

e

7z

e

D~ D~ ([pN D~ ([N D~ ([N D~

D

é

o o> D> D D D

[N

é

e

e

e

([N [N ([N [N ([N [N

[N

é

e

7z

e

o o> D> D D D

[N

é

e

e

e

[N [N ([N [N ([N [N ([N [N

D

é

o o> D> D D D

[N

é

e

e

e

([N [N ([N [N ([N [N

[N

é

e

7z

e

o o> D> D D D

[N

é

e

e

e

([N [N ([N [N ([N [N

[N

é

e

7z

e

o> Dy D D Dy Dy D D

D

é

o o> D> D D D
M DO D D Dy (D
o D> D D D D
M DO D D D (D

[N
[N
D
[N

eeee

eeee

s 7z 7 7

eeee

o D> D D D D

[N

é

e

7

e

o DO D D D (D

[N

é

e

s

e

o D> D D D D

D~

é

e

7

e

o DO D D Dy (D

[N

é

e

s

e

o D> D D D D

[N

é

e

7

e

o> D D D D D D
D D D DO D D D

[N

é

e

D

7

e

[N

vation Table (use blank sheet provided if space not sufficient)
Observationgor 8 to 3 encoderfor ProblemStatemengivento Student.
Table8.4 Observatiortable
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XVI.
éeeééeeecée

ééeeeeeecece

XVII.

é

é

é

é

é
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Practical related questions
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Note: Below given are few sample questions foeference.Teacher must design
more suchquestions so as to ensure the achievement of identified CO.

1. DesignVHDL CodeusingFPGAboardfor 8 to 3 encodemusingcasestatement.

D
M-

(¢}
[N

2. DesignVHDL CodeusingFPGAboard forl6to 4 encodeusingif elsestatement.

3. DesignVHDL CodeusingFPGAboard forl6to 4 encodeusingcasestatement

[Spacefor Answers] (If required attach separate page)
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XVII  References/Suggestiorfer further reading
Tableno.8.3References

ST Link / Portal Description
No
https://buzztech.in/vhell DataflowStyleof Modelling, Behavioral
1 | modellingstylesbehavioral Style of Modelling, Structural Style of
dataflowstructural/ Modelling, RTL Design:

https://www.tutorialspoint.com/vls
2 i_design/vhdl_programming_for_
combinational circuits.htm

VHDL ProgrammingCombinational
Circuits

https://www.tutorialspoint.com/
3 | visi_design/visi_design_vhdl i
ntroduction.htm

VLSI Design- VHDL Introduction,VLSI
Design Useful Resources

https://www.allaboutcircuits.com/t
4 | echnicatarticles/sequentiathdl- SequentiaVHDL: If and Casé&tatements
if -andcasestatements/

XIX AssessmenScheme

Performancelndicators Weightage
ProcessRelated: 15 Marks 60%
1 | Codingability 30%
2 | Debuggingability 10%
3 | Follow ethicalpractices. 20%
Product Related: 10 Marks 40%
5 | Correctconnectionso FPGABoard 20%
6 | Answerto sampleguestions. 15%
7 | Timely Submission Answerto samplequestions. 05%
Total (25 Marks) 100%
Marks Obtained Dated signature of Teacher
ProcesRelated | ProcesRelated Total
(15) (10) (25)
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Vi

Practical No. 09: Implement 3:8 Decoderson FPGA Board.

Practical Significance
In electronics, a decoder is a digital circuit that detects a specified combination of input bits (code’

generally binary inputs and converts that code in a specified output levels. A decoder has n inpt
lines and from one ta"dutput lines to indicate the presence of one or more n bit combinations. This
practical will help the students to implement the 3:8 decoder using FPGA.

Industry/Employer ExpectedOutcome
The aim of this courseis to attendfollowing industry/employerexpectedoutcomethrough

various teaching learning experiences
fiDevelopVLSI-basectlectroniccircuit/componentisingVHDL 0.

CourselLevel Learning outcome
CO4 DevelopVHDL programfor givenapplication.

Laboratory Learning Outcome
LLO 9.1Interpretthe outputof 3:8 decodemusingVHDL code.

RelevantAffective domain related Outcome(s)
1 Follow safetypractices.

1 Maintaintoolsandequipment.

1 Follow ethicalpractices.

RelevantTheoretical Background

A Decoder is combinational logic circuit thednverts n bit binary code intd @utput channels in

such way that only one output channel is activated for each one of the possible combinations c
inputs.

—
n Data =g
Inputs 5
: e
— H Possibl
Decoder | : Ay
Enable »
Inputs

Fig. n0.9.1: Symbol forN:2" Decoder

Here, the decoder has N input lines and N) (utput lires. In a decoder, each of the N input lines
can be a 0 or a 1, hence the number of possible input combinations or codes be etjuibto (2
each of these input combinations, only one of the M output lines will be active, and all other output
lines will remain inactive.
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3:8 Decoders As shown inFig. no.9.2, 3: 8 Decoder having three input lines and eight output
lines. It has no select lines likkemultiplexemwhich are used as the control signals.

When this decoder is enabled with the help of enable input E, then it's one of the eight outputs wil
be active for each combination of inputs. The operation of tHiae8to 8line decoder can be
analyzed with the help of its truth table which is given belowruth table 9.1 of 3:8lecoder.

—> D0
—1> D1
——{>D2
——{>D3
a——S1  31o8Decoder —PDn
——>D5
——>D6
$—y> D7

E

T

Fig. no.9.2: 3:8 Decoder

Table 9.1: Truth Table of 3:8 Decocker
DO D1 D2 D3 D4

n
o
n
[uiy
0
N
O
o1
v
(o))
)
\'

Rl P R O ool o] x
Rk ol ol R k| oo x
ROl k| ol k| okl o] x
N R =1
Rrlolololololololo
o|lr|lolololololol o
o|o|lr|olololololo
o|lo|lo|lr|ololololo
o|o|lo|o|r|lolololo
o|lo|lo|o|o|lr|l ool o
o|lo|lo|lo|lo|lo|lr|olo
o|lo|lo|lo|lo|lo|lo|rl o

VIl Circuit Diagram usedin Laboratory with related equipmentrating:
a) Suggestedractical JTAG cablesetup:
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10-pin Female Connector

(Connects to target printed Q
areuit board 10-pin male header.)
e
-+
EJ

LED Color Description

Off Not connected or suspended ‘|||
Blue Connected at 12MHz (USB full speed) \ < :
Teal Connected at 480MHz (USB high speed) . L

Green JTAG port open, idle
Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable

(U]

Fig. no.9.3a: PracticalSetupwith JTAG CABLE

=

®F Scientech 102A

Push Sutton Switch

‘oF =]
&

R

Fig. no. 9.3.b:Lab PracticalSetup
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b) CreateDecoder.vhd file:

lesign «08 X §
View: @ {8} implementation O il Smulation 5

=| | Hierarchy
® decoder
£ xc3s250e-5ft256
Wah decoder3X8 - deco38 (dec74138

& (0 7)
] A
. N f decoder3xs
= by
a l,g2b1l)
< > E
I not g2b 1)='1'then
P £) NoProcesses Running a8 )
c Processes: decoder3X8 - deco3d 2 i€
{ L Design Summary/Reports J
&% Design Utilities £2
L| & User Constraints ;;
o |2 8)  Synthesize - XST -;-
View RTL Schematic £
: Q2
%  View Technology Schematic 43
R J
f)  Check Syntax ‘4
L]
f)  Generate Post-Synthesis S. e e
#0)  Implement Design i e :-

f) Generate Programming File
i Fanbiniivn Tormat Nairn

Fig. no.9.4: Decoder.vhdfile

c) CreateDecodertestbenchfile:

B4 A DDX O o ()% Q2 mc ARIAZRAIR €T #210 » ¥ 1ons V6 1| [[GReancr
Instance. #0FX | 08X
Q2 3l » Smulaton Ob.

nE * 8

Instance and Proces:

§ decoderss || Object Name
g std_logic 116+ “ g!

Fig. n0.9.5:Demux TesBenchfile
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d) Decodettest benciSimulationwaveforms:

DI XD0X®| oo |lE! 1O ZEIR[ANA2BAIR et ~4(0 ) ¥ 1Ml

Instance.. #OBX | 08X #
§eaa » Smuation Ob
Instance and Proces
B decoderts || Object Nam p
g std_logic_ 116« fh ot
;i ol |
1 g2b | 3l »
8 a0l | &
& v o

1 »

) N B

X Delete

| Rename

{4 Find... CtrleF
Select All CtrieA

Expand

Name
Radix
Signal Color

Fig. n0.9.6 DecoderSimulationoutput

e) Actualpracticalset upusedin laboratory:
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VIII  ResourceRequired/Apparatus/Equipment with specifications:

ﬁlg g‘g:;%rgﬁgrtﬂg Specification Quantity

Device: Xilinx FPGA (XC3S400 PQ208),0nboard
FPGA +5V, +3.3V, +2.5V supply to FPGAndother hardware

1.| Development | circuit.,, On board, 2 Crystal 8MHand 25MHz.JTAG| 1 No.
kit Interface  ( Boundary Scan ),PROM Interfs
(XCF02S),40 pin, 4 header connector for external 1/(

2| DesktopPC Personal computer wiﬂlat(_est configuration. Loaded Wl 1 No.
opensource IDE, simulation and program downloadi

software, UPS and Antivirus.

IX  Precautionsto befollowed:
1. Checkthesyntax/ rules ofVHDL Programming.
2. Do not powerup theboardbeforecompletingconnections.

X Procedure:

1. CreatetheXilinx ISE projectfor your expected FPGAesign,by doing thefollowing in

9.

11.Go to User Constraintsi select Floorplan Area/lO/Logic (PlanAhead)i Windows i

ISE:

a. Inthe ISEsoftware selectFile > New Project.
b. Inthenewproject wizardgnterthe project name anlbcation,respectively.

c. SelectHDL or Schematiasthe Toplevel source typeandclick Next.

CreateNew Sourcefile. SelectSourceT y p selectsthe Sourcetype and give the name

to the

sourcethen clickh Ne xt 0O .

DefineMo d u Erged theentity usedn designand therclick i Ne x t o .
Develop VHDL code for given problerand Synthesizethe .vhdfile and view RTL

schematic.

Create Test Bench filé\ test benchisHDL code that allows you to provide a documented,
repeatable set of stimuli that is portable across different simulatéest Aenchcan be as
simple as a file with clock and input data or a more complicated file that includes error
checking, file input andutput, and conditiondésting.
Go to implementation to simulation tab , right click on main source file and create Test
Bench file for simulation.
to view test files, sel ect
i De s pageh itheii P r oR ars @dubletlick onthei B e h a Check® w h tt@a x 0
you didndét make any synt ax
Doubleclick on i Si muBehaviomlMo d e tiiefi Pr o e & 8 which will open

| n order

makesuret h a t

the

ISim softwarewith your testbenchloaded.
ISim simulator window will openwith your simulation executed,as shownin Figure
9.6. where you are able to simulate your designs and check for errors.
10. After simulationimplement 3as8 decodelUsing FPGAdevelopmenboard.

Properties

T nowassignpin configurationandsave.
12.Goto ImplementDesigni Runall.

the b

errors
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13.Goto Generatd’rogramming-ileandRun

14.Go to Configure Target DevieedRuni Impact wizard opened select Device 2 (as per
practical Kit)-- open Bit file-- and initialize Chain Right click on Xilinx IC And select
Program.

SampleProgram: Implement3:8 Decodetusing dataflonmodeling.

3:8 Decoder:

VHDL Code

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use

IEEE.STD LOGIC_ ARITH.ALL;
uselEEE.STD_LOGIC_UNSIGNED.ALL;

entity Decoder3to8is
Port (S:in STD_LOGIC_VECTOR (2 downto
0); Q:out STD_LOGIC_VECTOR7
downto0));
endDecoder3to8;

architecturedataflow of Decoder3to8

is begin

Q <="00000001'whenS="000"else
"00000010" when S="001"
else  "00000100" when
S="010" else "00001000"
when S="011" else
"00010000" when S="100"
else "00100000" when
S="101" else "01000000"
when S="110" else
"10000000";

enddataflow;

Program Statementfor Student: Implement 2:4 Decoder.

2:4 Decoder

| VHDL Code
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Xl ResourceRequire:

Sr. e .
no Instrument /Components Specification Quantity
1.

2.

XIl  Actual Procedure (useblank sheetprovided if spacenot sufficient)
eééeceéeéeéeéécéeceéeceececececéeéeééeecéeceéecéececee
eééeceéeéeéeéécéeceéeceececececéeéeééeeceéecéecéeccee
eééeecéeéececééeecéeécceecéecéecéeéeeéecéeceecée
eééeceéeéeéeéécéeceéecéececececéeéeééeeceéecéecéececee
eééeecéeéececeééeecéeécceecéecéecéeéeeéecéececée
eéeeéeéecéecéeéecéecéecéeceéecéeecéecectée
eéeeéeéecéecéeéecéecéecéeceéecéecéecectée
eééeécéeéceecééeecéeééecéecéecéeéeecéecéeceecée
eééeécéeéeecééeecéeééecéecéecéeéeceéecéeceecée
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[N

(O

D

D

[N [N

Xl Observation Table (useblank sheetprovided if spacenot sufficient)

Observationgor ProblemStatemengivento Student.

Table 9.2: Truth Table of 3:8 Decoder

SO S1 S2 YO Y1 Y2 Y3 Y4 Y5 Y6 Y7

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1
XIV Results
eeéeéeééeééecéecée. eeéeéeéeééeéeéeéecéecéeéece
Eéécéecéééécécéeééecéec. eéecéécéeceéeéecéecéeceece
XV Interpretations of result
Eéécéecééééecécéecééecéecécéee. eécéeéeceeceéeeecce
Eéécéecééééecécéecééecéecécéeceecece. éeeeceéeceecce
XVI Conclusionsand Recommendation(Actions/decisionso be taken basedon the interpretation

of results)

eéeéeéeéeééeééecéeéecee.  éeéecéeéeéeéecéecéeée
eéeéeéeéeééeééecéeéecee.  éeéecéeéeéeéecéecéeée
XVIl Practical Related Questions

[N

[N

Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO
1. Givethesyntaxof With T selectstatement.
2. Write the VHDL codefor 2:4decodetusing thed ie fl stat@ment.
3. Write thetestbench code for3:8ecoder.

eeeeeeeeec

[Space for Answers] (If required attach separate page)

é

e

s

e

é

([N

([N

O D

M-

D~ M

M-

D~ (N

([N

D~ (N

M-

D~ (N

([N

O D

M-

D~ D

([N

D~ (N

M-

D

M-

é

é

M-

é

D

D

D~ (N

M-

M-

M-

D~

D~

é

M-

M-

D~ (N

M-

D

M-

(O

([N

M-

D

M-

D~ (N

M-

(N

D

D~

D~

D~

(N

M-

([N ([N (N

(O

D

(O

([N D~

M-
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Eéééeéééecéeeceeeeceeeceeeeceeeeceeeeceeceeec. é
Eéééeéééeccéeeceéeeeceeeceeceeeeceeeceeceeeeceeceeeec. é
Eéééeéécéecececeeceeceeceeeeeeeceeeeeeeceece éeééeéeeeé
Eéééeéeécecceceececececeeeeeceeceeceeeeeeeeceeecee. e
Céééeéececceceecececeeeeeeceeceeceeeeeeeeceecee. e
Eéééeéééecéeeeceéeeeceeeceeeeeceeeeceeeeceeeeec. é
Eéééeéééecéeeecééeeceeeceeeeeceeeceeceeeeceeeeece.
cééeeéééeccéeeceéeeeceeecceeeeeceeeeceeeeeceeee é é
Céééeéécecececeecececeeceeeeeceeceeceeeeeeeeceeecee. e
Céééeéééeeceececeececceeeeeceeeeeeeceeeeeeeeeeceeecee. é
Céééeéeeeceeeceeceeceeceeeeeceeceeeeeeeeeceeece é
céééeecéééeécéeeceeeecceeeeceeeeeceeeeceeeeece. eééée
céééeecéééeécéeeceeeecceeeeceeeeeceeeeceeeece. eééée
Eéééeééeecececeececeeecececeéeeeeeececeeeeeeeceee. éééeéeé
Eéééeééécececececeececeeceeceeeeeeeeceeeeeeeecee. eééée
céééeecéééeécéeeceeeecceeeeceeeeeceeeeceeeece. eééée
S eeéeeéeéceéeéeceeceeceeeceeeceeceeeeeeeceeeeee. eeecee
Eéééeéeéeceececeececeececeeeceeeeececeeeceeeeeeeceeeecececece

eéééeéececececeeeeeceeceeeeceeeeceeeeeeeeceeeceece é é
Eéééeéeceéceceeeeecececeeceeceeeeeceeeeeeeeecece. eééeé
Céééeéecéeececeéeeecceeceeeeceeececeeeeeeeeececeeee. eeee.
Eéééeéecéeecececéeeeceeceeceeeceeececeeeeeeeeececeeee. eeee.
Eéééeéecéeecececéeeecceeceeceeeceeececeeeeeeeececeeee. eeee.
téééecéééecéeceeceéeeeceeeceeeeeceeceeceeeeceece. eeee.
Céééeéécécéeéececéeceeeeceeceeeeeeeceeceee. eecee.
Eéééeéeéececececeeececeeececececeeeeececeeeececeeeeeecee. eecee.
eéééeéeceecececeéeceeceeceeceeeceeeeceeceeeceeeeeeceeee. eeee.
eéééeéeceecececéeceeceeceeceeceeeeceeceeeeeeeeceeee. eeee.
Eéééeéécécéeéececéeceeeeceeceeeeeeeceeceee. éeecee.
Eéééeéécécéeéececéeceeéeeceecéeeeeeeeceeceee. éecee.
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XVIII  Suggested referencdsr further reading
Srno. Link/Portal Description
https://www.tutorialspoint.com/digitadlectronics/digital )

1 ) Decodetrtutorial
electronicsdecoders.htm
https://www.engineersgarage.com/\vtatiorial 13- )

2 . . VHDL
desigr3x8-decoderand8x3-encodetusingvhdl/ programming
https://www.elprocus.com/designisgline-to-8-line- ) )

3 decodedemultipexer/ ISE Quick starttutorial

4 http://ece?day.bloqspot.com/2012/10/vhnibr|al- VHDL tutorial
introducctionpart9.html

5 https://www.allaboutcircuits.com/technieal VHDL orogrammin
articles/sequentiathdl-if -and-casestatements/ brog 9
http://vhdI h.bl ) 2013/07 MH3-8- ) .

5 ttp:/Iv dpynares blogspot.com/2013/07/desiH3-8 ISE Quick starttutorial
decode-usingwhen.html

XIX  AssessmenScheme

Thegivenperformancendicatorsshouldserveas aguidelinefor assessmemegardingprocess
and product related marks:

Performanceindicators Weightage
Processelated(15Marks) 60% (15)
1 | Codingability 30%
2 | Debuggingability 20%
3 | Workingwith FPGA 10%
Product related (10 Marks) 40%(10)
4 | Correctconnectionso FPGABoard 20%
5 | Answerto samplequestions. 15%
6 | Timely Submission Answerto sampleguestions. 05%
TOTAL 100% (25)

Marks Obtained

Dated signature of Teacher

ProcesRelated
(15)

Total
(25)

Product Related
(10)
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https://www.engineersgarage.com/vhdl-tutorial-13-design-3x8-decoder-and-8x3-encoder-using-vhdl/
https://www.engineersgarage.com/vhdl-tutorial-13-design-3x8-decoder-and-8x3-encoder-using-vhdl/
https://www.elprocus.com/designing-3-line-to-8-line-decoder-demultiplexer/
https://www.elprocus.com/designing-3-line-to-8-line-decoder-demultiplexer/
http://ece2day.blogspot.com/2012/10/vhdl-tutorial-introducction-part-9.html
http://ece2day.blogspot.com/2012/10/vhdl-tutorial-introducction-part-9.html
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Vi

Practical No. 10: RealizeT and D flip flop on FPGA Board.

Practical Significance

A flip flop is an electronic circuit with two stable states that can be used to store binary data. The
stored data can be changed by applying varying inputs-flepp and latches are fundamental
building blocks of digital electronics systems used in aatiens, communications, and many other
types of systems. This practical will help the students to implement the T and D flip flop using
FPGA.

Industry/Employer ExpectedOutcome

The aim of this courseis to attend following industry/employerexpectedoutcone through
various teaching learning experiences.
DevelopVLSI-basecklectroniccircuit/componentisingVHDL.

CourselLevel Learning Outcome
CO4- Develop VHDLprogram forgivenapplication.

Laboratory Learning Outcomes
LLO 10.1 Test the functionality of D flipflop using VHDL code.

LLO 10.2 Test the functionality of T flipflop using VHDL code.

RelevantAffective domain related Outcomes

a. Follow safetypractices.
b. Maintaintoolsandequipment.
c. Follow ethicalpractices.

RelevantTheoretical Background
Flip-flops and latches are used as data storageelements.It is the basic storageelementin
sequential logic

D type FF: D type FF has only one input referred to as D input or Data input. The irgqylied

to S/J and it is inverted before applied to either R/K input. the input applied at the D terminal will
appeaiat the outputafter oneclock pulsehencaeit is referredto asDelayor D FF.for this complete

clock cycle as the input is hold this aiitis known as LATCH.

D PN S
(Input)
—D Q—
g —7
(Enable) . |~ al—

R

Gated S-R latch

This NAND inverter
avoids S to be equal!
toR

Fig. n0.10.1:D Flip Flop
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Table10.1: Truth Table forD Flip flop

Input D Output Q
0 0
1 1

T.

Outputs

Toggle

input

CLK

T Type FF: In a JK FF thenthe resulting FF is referredas T Type FF. it hasonly one input
refereed as t input. If T=1 then it acts as toggle switch i.e. the output changes

Outputs

Fig. n0.10.2:T Flip Flop

Table10.2: Truth Table forT Flip Flop

Input T Output Q
0 Qn
1 Qn

Circuit diagram usedin Laboratory with related equipmentrating.
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a) Suggested Practical Circuit Diagram:
Practical JTAG cablesetup:

10-pin Female Connector

(Connects to target printed @
circuit board 10-pin male header.)
\\
E A

LED Color Description >

Off Not connected or suspended 'Iil
Blue Connected at 12MHz (USB full speed) NN L
Teal Connected at 480MHz (USB high speed) . i
Green JTAG port open, idle : i

Green flickering | JTAG port open, active
Magenta blinking | Set by user to identify a cable "

=N
| A ——

®F Scientech 102A

Push Button Switch

oz S
.5.:. X

Loglc Output

®®s®H » B

Fig. no. No10.3.b:Lab PracticalSetup
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b) CreateDFF.vhd file:

Fig. n0.10.4:DFF .vhdfile

c) CreateDFFtestbenchfile:

Fig. n0.10.5:DFF TestBenchfile
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