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At theendof theCourse,Studentwill beableto:

CO 1: Make commenton fabrication& productionprocesses.

CO 2: Describetheelectricalpropertiesof MOS circuits.

CO 3: Developthestick andlayoutmodelsof MOS circuitsw.r.t. designrules.

CO 4: Demonstratetheperformancecharacteristicswith thehelpof scalingfactorsin of MOS circuits

CO 5: Suggestthe suitableDesign/FPGAarchitecturein prototypingfor betterperformance.

COB 1: To enablethestudentslearnvariousfabricationstepsof IC andMOS,Bi CMOSprocesses

COB 2: To enablethestudentslearnbasicelectricalpropertiesof MOSTransistorsin analysisof circuits.

COB 3: To makethestudentsto studyMOS technology-specificstick andlayoutrules

COB 4: To makestudentsto familiar with differentarchitecturalissuesof Subsystemdesignprocess

COB5: To enablethestudentsto highlight thearchitecturedesignissuesin thecontextof IC design

Course objectives

Course outcomes
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L ƘƻǇŜ ŜǾŜǊȅ ƻƴŜ ƻŦ ȅƻǳ ŀǊŜ ǎŀŦŜ ŀƴŘ ǎŜŎǳǊŜΧΦ

ÅTell me.. Who can suggest the solution to this terrific problem(the 
CORONA) ????

ÅA person likeéDERABABA?...NO.

ÅA person LikeéKA PAUL?....NO.

ÅA person like AMBHANI?....NO.

Åéé.. NOé.NOé..NOé..

ÅThen, who cané???

ÅI feel that; a person with knowledge (é. Like A SCIENTIST), works in 
laboratory for new thing, can suggest the solution.

ÅSo, gain knowledgeébe the solution..

ἂῥ□ Ẳ ֿכ ▒ᾋ----ἂῥ□ẫ ֿכ▒ᾋ
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Scaling models, 

Scaling factors for device 

parameters, Architectural issues, 

Course Objectives

To enablethestudentslearn;

ÅCOB 1: IC Technology,Fabricationstepsof IC andMOS,Bi-CMOSprocesses

ÅCOB 2: Electrical propertiesof MOS Transistorsin analysisof CMOS digital

circuits.

ÅCOB 3: Stickandlayoutrules,andbasiccircuit concepts.

ÅCOB 4: Scaling& issuesin SubsystemDesign

ÅCOB 5:VLSI DesignIssuesandto know abouttheArchitectureof FPGA

Ids, Vt, Gm, Gd, Wo, alternative 

forms of pull ups, Zpu/Zpd,  types 

of Inverters, MOS transistor circuit 

model, latch-up 

Realization of logic gates 

Schematics, Stick diagrams, Layout 

diagrams, Calculate R,C, L, and 

associated Delays 

Possible design methods and 

Prototyping
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VLSI Technology, MOS 

Fabrication and Types

Very Important 

Important 
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VLSI Design Issues

ÅVLSI design flow (conventional & low power)

ÅVLSI Design issues and design trends,

ÅDesign process

ÅMixed Signal Design flow

ÅASIC Design flow

ÅIntroduction to SoCdesign

ÅTechnology options & Power calculations

ÅPackage selection, 

ÅClock mechanisms, 

ÅDesign For Testability
Ref Book-1

Web 
is a good reference 

at this point

UNIT-V A
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FPGA Design

ÅBasic FPGA architecture,

ÅFPGA configuration, configuration modes, 

ÅFPGA design process- FPGA design flow,

ÅFPGA families,

ÅFPGA design examples-stack, queue and shift register 

Å Implementation using VHDL-step-by-step approach of FPGA design 

process on Xilinx environment.

UNIT-V B
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VLSI Design Flow 

ÅVLSIDesign is the processof creating an integrated circuit (IC) by combining

thousandsof transistorsinto a singlechip.

ÅEx: Microprocessor/DSP..

ÅVLSI (Conventional VLSI): Concentrates on component density per chip but

not on performance related issues like., power dissipation and clocking

techniques.

ÅCMOS VLSI(low power VLSI): Concentrateson designswith

* Lessarea/volume and therefore, compactness.

* Lesspower consumption.

* Higher speed,due to significantly reduced interconnection length.

* Significantcost savingswith respectto performance.

5/15/2023
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VLSI Design Flow 

8
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Specifications

Logic Design

Physical Design

Foundry

Front-end

Back-end

FPGA
(bit stream)

Mask Information

Fabless 
House

Fab

ASIC

VLSI Design Flow

?

?

?

?
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Simulation

Functional 
Verification

Synthesis

Static Timing 
Analysis

Front-End Design 

Design Entry in HDL

Only HDL codes

and RTL schematics

10
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Back-End Design 

Synthesis

Layout Design

Place & Route

Masks

Fabrication & Packaging

converting the RTL 
description 

into a structural gate level 
based net list. 

Only Transistor based  

schematics and layouts

11
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Gate level net list

ASIC Development Process

Mapping, Placing 
& Routing

Algorithm

Implementation in 
HDL

Logic Synthesis

Logic Verification

Physical Layout

Functional 
Simulation

Post Synthesis
Simulation

Timing Simulation

Ex: IC in a musical 

greeting cards
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Technology net list

FPGA Design Process Algorithm

Implementation in 
HDL

Logic Synthesis

Mapping, Placing 
& Routing

Bit stream

Functional 
Simulation

Post Synthesis
Simulation

Timing 
Simulation

Programming FPGA by downloading bit 
stream into target Device

Prototyping with 

FPGA by using 

.xdcand .bit files 

13
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Mixed Signal Design 

DSP or 
Processor 

architectures

Custom Logic

PLL

DACADC

Analog I/O Digital I/O

14



Introduction to SoCDesign

ÅSoC: System-on-a-Chipor System-on-Chip

ÅSystem: A systemcould be a computer,PDA,mobile phone,MP3, DigitalCameraor customized
for specificpurposes.

ÅThesystemmaycontaindigital, analog, mixedsignalandoften radio-frequencyfunctions.

ÅSoCrefersto integratingall componentsinto a singleintegratedcircuit (chip).

ÅStructureof a SystemMicrocontroller:
ÅMicroprocessoror DSPcores.

ÅMemoryBlocksςROM,RAM,EEPROM,

ÅFlashClocksourcesςLocalOscillator,PLL

ÅPowerCircuitsςVoltageRegulator,DC-DCconverters,etc.

ÅPeripheralsςCounter-timers,real-time timers,etc.

ÅExternalInterfacesςUSB,Ethernet,UART,RS-232, etc.

ÅAnalogInterfacesςADCsandDACsBlocksareconnectedby either a proprietaryor industry-standardbus

ÅEmbeddedSoftware
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SoCArchitecture
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SoCDesign flow
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Network on Chip

Å According to Wikipedia:

ïòNetwork -on-a-chip (NoC) is a new paradigm for System-on-Chip (SoC)design.

ï NoC based-systemsaccommodate multiple asynchronousclocking that many of

today's complex SoCdesignsuse.

ïThe NoC solution brings a networking method to on-chip communications and

claimsroughly a threefold performance increaseover conventional bussystems.ó

ïNetwork on Chip or Network On a Chip (NoC or NOC) is a communication

subsystemon an integrated circuit (commonly called a "chip"), typically between

intellectual property (IP) coresin a systemon a chip (SoC).

ïNoCs can span synchronousand asynchronousclock domains or use unclocked

asynchronouslogic.
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Scaling/Mooreõs Law has limits due to the physics of material. 

ðNow L (L=20nm??) affects tx delays (speed), noise, heat (power consumption)

ðScaling increases density of txsand requires òmoreó interconnect (highways & 

buses)-more delays (lowering speed) and heat.

Possible Solutions: 

ÅNew fabrication solutions/material. E.g., Interconnect layers, new material 

(copper & low k -material) 

Å Improve physical Designs at the transistor level.

ÅCreate better cell libraries (min Power, min-delay, max speed) 

ÅExploit transistor analog/physics characteristics 

Å Invent new transistors 

Å Invent new architectures

VLSI Design issues, Mooreõs Law is the prediction that the number of transistors in a 

dense integrated circuit doubles every two years as technological 

progress advances. The observation was made by Gordon Moore , 

co-founder of Intel, who saw that the size of transistors was 

shrinking rapidly due to continuous innovation .

19



FPGA Evolution: From FPGA ïto- SoCïto- ACAP

Adaptive Compute 
Acceleration Platform
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https://newsroom.ibm.com/2021-05-06-IBM-Unveils-Worlds-First-2-Nanometer-Chip-Technology,-Opening-a-New-Frontier-for-
Semiconductors#assets_115:1738

"TheIBM innovation reflectedin this new 2 nm chip is essentialto the entire semiconductorand ITindustry.ά

The potential benefitsof theseadvanced2 nm chipscould include:

ÅQuadrupling cell phone battery life, only requiring usersto charge their devicesevery four

daysii.

ÅSlashingthe carbon footprint of data centers, which account for one percent of global energy

useiii. Changing all of their serversto 2 nm-based processorscould potentially reduce that

number significantly.

ÅDrastically speedingup a laptop's functions, ranging from quicker processingin applications,

to assistingin languagetranslation more easily, to faster internet access.

ÅContributing to faster object detection and reaction time in autonomous vehicles like self-

driving cars.

"The IBM innovation reflected in this new 2 nm chip is essentialto the entire semiconductor

and IT industry," said Darío Gil, SVPand Director of IBM Research. "It is the product of IBM's

approach of taking on hard tech challengesand a demonstration of how breakthroughs can

result from sustainedinvestmentsand a collaborative R&D ecosystemapproach." 21



ASIC 

IC DESIGN METHODOLOGIES

Compiled cell
Macro cell
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VLSI Design trends,
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Full-custom Design:

ÅEvery gate is carefully designed and optimized ðHierarchical design may be 

used, place-and-route tools typically used 

Å Advantages: ðHigh density, ideal for high volumes ðPerformance optimization 

Å Disadvantages: ðHigh design time, cumbersome 

Å Applications: Data paths in microprocessors 

Å High-paying jobs!

Simple CAD tools ðDesign entry ðSchematic editor ðLayout editor ðDRC, LVS, 

Spice 

Å No need for sophisticated synthesis and design partitioning tools

Technology options
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Full-custom Design:

Semi-custom Design:

Cell based Design

Array Based Design

23



Semi-custom Design:

ÅUse pre-optimized SSI or MSI library cells ðNAND gates, multiplexers, adder 

slices, decoders, comparators, RAM, ROM 

Å Reduces design time 

Å Lower density and lower performance 

Å Standardized at the logic or function level

Technology options

5/15/2023
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Cell based Design:

ÅCAD tools needed for partitioning design 

ÅTechnology mapping 

ÅDesign entry, DRC, LVS, simulations tools 

needed Place and route tools 

ÅGood for moderate volumes, as in ASICs, 

typically used for non-critical portions of a 

CPU

ÅThe standard cell has variable cell and wiring

channel width,

ÅMany EDA tools to automate this flow

ÅShorter designtime

Technology options

5/15/2023
VLSI Design Unit V       P Bujjibabu, Associate Professor, Dept.of 

ECE
Reference by Shuo Li 25



Array BasedDesign:

ÅProgrammable logic blocks

ðPLDs, PALs ðFusible links (fuses) blown when 

current is exceeded 

ÅProgrammable interconnects 

ðMask-programmed gate-arrays (MPGAs)

ðField-programmable gate-arrays (FPGAs) ðSea 

of gates

Technology options
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Power calculations
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loadclkDDt CfVP
2

=´
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Sources of power dissipation:

ÅDynamic power dissipation:-

Å -due to switching action of the MOS device

Å -capacitance is the main source of this type

Å -major contribution in total power dissipation

ÅShort circuit power dissipation:-

Å -during logic transition(0-to-1 or 1-to -0)

Å -can be reduced with help of different logic styles

ÅLeakage power dissipation:-

Å -due to sub-threshold and reverse leakage currents

Power calculations
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loadclkDDt CfVP
2

=´The power dissipation is classified in two categories:

Static power dissipation

Dynamic power dissipation

The dynamic power consumption of a CMOS IC is calculated 

by adding the transient power consumption (PT), and 

capacitive-load power consumption (PL). Transient power 

consumption is due to the current that flows only when the 

transistors of the devices are switching from one logic state to 

another.

http://www.signoffsemi.com/47072-2/

Staticpower dissipation:

In this class,power will be dissipated irrespective of frequency and

switching of the system. The structure and sizeof the device resultsin

various leakagecurrents.

Few reasonsfor staticpower dissipation are :

a. Sub-Threshold Current

b. Gate Oxide Leakage

c. ReversebiasCurrent

d. Gate induced leakage

Its hard to find the accurateamount of leakagecurrentsbut it mainly

dependson supply voltage (VDD), threshold voltage (Vth), transistor

size(W/L) and the doping concentration
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Common packagetypes

Through-hole technology.

Surface-mount technology.

ÅDIP (Double In-line Package)

ÅSOP/SOIC/SO (Small OutlinePackage)

ÅQFP (Quad Flat Package)

ÅQFN/LCC (Quad Flat Non-

leaded Package)

ÅBGA (Ball Grid Array Package)

ÅCSP (Chip ScalePackage)

Package selection
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Package Selection

1. Size - Surface mount packages are smaller in comparison to through-hole

packages.

2. Component density - Surfacemounting packageshave a comparatively higher

component density aswell asthe density of connections.

3. Assembling- Tiny errors are automatically corrected by the molten soldersthat

pull components close together due to tension in surface mounting packages,

unlike through-hole packagesthat cannot afford even the slightestof errors while

making holes. This is becausethe alignment, once made, cannot be corrected.

4. Electromagnetic compatibility - It is the ability of different electronic devices

and components to work correctly even in the presenceof other devicesthat emit

electromagnetic waves. Surface mounting packages have a better EMC

performance.

5. Cost - The cost of production is also lower than that of through-hole packages

becauseof automated methods.
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Clock mechanisms:

Most Integrated Circuits (ICs) of sufficient complexity usea clock signal in order to

synchronizedifferent parts of the circuit, cycling at a rate slower than the worst-case

internal propagation delays.

Clocks are defined as pulsed, synchronizing signalsthat provide the time reference

for the movement of data in the synchronousdigital system.

The clocking in a digital systemcan be either singlephase, multi -phase(usually two -

phase)or edge-triggered, asillustrated

Single-phaseclocking and single-phaselatch machine, Fig.1.2 (a)

Edge-triggered clocking and flip -flop machine, Fig.1.2 (b)

Two -phaseclocking and two -phaselatch machine with singlelatch Fig.1.2 (c)

Two -phaseclocking and two -phaselatch machine with double latch Fig.1.2 (d)
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Single-phase clocking Edge-triggered clocking 

Two-phase clocking with single latch 
Two-phase clocking with double latch 5/15/2023

VLSI Design Unit V       P Bujjibabu, Associate Professor, Dept.of 
ECE
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Clock mechanisms:

Effectson cycle- time:
ςmaximumdelayrestriction
ςviolationof set- up time
Maycauserace
ςminimumdelayrestriction
ςviolationof hold time
Uncertaintyis: Jitter,Skew,andDutyCycleJitter

Tolerant for clockedgeuncertaintyTolerantto uncertaintyof dataarrival

5/15/2023
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Device Under Test (DUT)

or 

Circuit Under Test (CUT)
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Formal circuit
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Bad circuit

Logic 
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No 

o/p

comparator

Fig. Faultmodelarchitecture

s
tim
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Å Input test vectorsaredevisedandappliedto the DeviceUnderTest (DUT) or Circuit Under

Test(CUT) asits stimuli.

ÅThen the measuredoutputsare comparedwith the expectedcorrect responsesto determine

whetherDUT is good(go)or bad(nogo).
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Conclusion

ωVLSIDesignisa complextask.

ωDesign methodologies and CAD tools are important partners of the VLSI

designein overcomingthis complexity.

ωCADtools free the VLSIdesignerfrom easy-to-do tasksand allow the designer

to concentrateon creativetasks.

ωDesignmethodologiesandCADtoolsevolvebasedonŘŜǎƛƎƴŜǊΩǎneeds.

Now will see what is there 

in a Real FPGA ?!
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Field Programmable Gate Array
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Reprogrammable

Chipsare prefabricated with logic blocksand interconnects.

Logicand interconnectscan be programmed (erasedand re-programmed) by users.

No fabrication is needed.

Interconnects are predefined wire segments of fixed lengths with switches in

between.

Desired functionality is implemented by configuring on-chip logic blocks and

interconnections

The first FPGAwas introduced by Xilinx in 1985.(Ch Nageswararao& B Sudhakar)

It hasarraysof logic blocks which are programmable.

It is surrounded by PROGRAMMABLEROUTING RESOURCES, which allows the

usertodefine the interconnections between the logic blocks.

FPGAstandsfor Field Programmable Gate Array , essentiallyitôsa pieceof

hardware that can be programmed as many times as the userwantsand it

canconvertor implementanyarbitrary equation into theform of theBoolean

equation, consequently,implement thisascombinational or sequentiallogic.

Simplyput,anFPGA canbeusedto implement any logic function.
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V Is it my first deviceto configurethelogic?- NO

V Is it nextto PLD?- YES Programmablelogicarraysςabout1970

Programmablelogicdevicesςabout1980
Field Programmable Gate Arrays ςabout 1985

VThen what is a PLD?Programmable Logic Device (PLD):
Also ƪƴƻǿƴ ŀǎ άCƛŜƭŘ tǊƻƎǊŀƳƳŀōƭŜ [ƻƎƛŎ 5ŜǾƛŎŜ όCt[5ύέ
An IC/chip that can be configured by the user to implement different digital h/w.

VThe purpose of PLD? Permits digital logic designs to be implemented by the user on a single device.
Is capable of being erased and reprogrammed with a new design
PLDs can be reprogrammed without being removed from the circuit board
Immediate hardware implementation-with low cost

VTypes of PLDs
SPLDs (Simple Programmable Logic Devices) -ROM, PLA, PAL, GAL
HCPLD (High Capacity Programmable Logic Device)

CPLD (Complex Programmable Logic Device) 
FPGA (Field-Programmable Gate Array)

Introduction to FPGA

5/15/2023
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PLD to FPGA

I/O

I/O

Logic block Interconnection switches

I/O

I/O
FPGA building blocks:

Å Programmable Interconnections

Å Programmable logic blocks-CLBs

Å Programmable I/O blocks 

Combining idea from 

PLDs and Gate Arrays
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Programmable Interconnect

ÅFast local interconnect

ÅHorizontal and vertical lines of various lengths

L

E

L

E

L

E

L

E

L

E

L

E

Swit

ch

Matri

x

Swit

ch 

Matri

x
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Å6 pass transistors per switch matrix interconnect point

ÅPass transistors act as programmable switches

ÅPTG are driven by configurable memory cells

After Programming

Before Programming

Switch Matrix
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Programmable Logic Blocks-CLB

ÅTheCLBsconsistof threeessentialelements:
ïLUTs- for logicimplementation

ïMultiplexer- for dataselection

ïFlipflop- makethe necessarysequentialtasks

41

LUT

A

B

C

D

Z

A

B

C

D

Z

LUT implementation

Gate implementation

A B C D Z 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 1 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 1 1 

0 1 1 0 1 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 1 1 

1 0 1 0 1 

1 0 1 1 1 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 0 Truth-table

https://hardwarebee.com/the-ultimate-guide-to-fpga-architecture/
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FPGA ïBasic Logic Element

LUT

Out

Select

D Q

A

B

C

D

Clock
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ÅLUT with N-inputs can be used to

implement any combinatorial function

of N inputs

ÅLUT is programmed with the truth-

table

ÅLUT to implement combinatorial logic

ÅRegisterfor sequentialcircuits

ÅAdditional logic

ÅCarry logic for arithmetic functions

ÅExpansion logic for functions

requiring more than 4 inputs

A B C D Z 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 1 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 1 1 

0 1 1 0 1 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 1 1 

1 0 1 0 1 

1 0 1 1 1 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 0 

LUT

A

B

C

D

Z

A

B

C

D

Z

Truth-table
Gate implementation

LUT implementation



Programmable I/O blocks

Å A Programmable I/O block is with edge-triggered D flip

flops.

Å The I/O blocks purpose is to provide the user interface

from the outside world to the FPGAinternal architecture.

Å The I/O blocks compriseof the following items:

V Input from outside to the inside of the FPGA.

V A delay element for providing a delay to the input

signal.

V A multiplexer is providing a delayed input signal.

V A register/latch is providing a register/latch output

signal.

V A set/resetline for providing a set/resetsignal

V A decoder for providing the set signal or the reset

signalresponsiveto the set/resetsignal.

V An amplifier hasan output for providing an amplified

signalto a related resourcein the FPGA.
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FPGA Evolution: From FPGA ïto- SoCïto- ACAP

Adaptive Compute 
Acceleration Platform
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FPGA Technology Roadmap
Year 1995 1996 1997 2000 2003 2004

Technology 0.6µ 0.35 µ 0.25 µ 0.18 µ 0.13 µ 0.09µ

Tran,r count 3.5M 12M 23M 75M 430M 1B

Custom   Std Cells   Gate Arrays   FPGAs

Design time    Long        Short           Short           Short

Fabrication     Long        Long           Short            None

Chip area        Small       Med.           Large        Very large

Design cost     High        Med.           Low          Very low

Unit cost         Low         Low            Med.            High

Design cycle   Long        Med.           Short         Very short

Comparison of Different Design Technologies
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Modern FPGA Special Features
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Clock management

PLL,DLL

Eliminate clock skew between external clock input and on-chip clock

Low-skew global clock distribution network

Embeddedmemory blocks

Support for various interface standards

High-speedserial I/Os

Embeddedprocessorcores

DSPblock



FPGA configuration, configuration modes:

HDL Design Entry

Implementation 
for a specific device

Configure the FPGA or 
program the PROM

Net list 
or EDIF

Bit stream 
file or PROM 

file

FPGA------.bit

CPLDs-----.jcd

PROMs-----.mcs,.exo, .tck
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An FPGA can be into 2 states: "configuration mode" or "user mode". When

an FPGAwakesup after power-up, it is in configuration mode, sitting idle with all

its outputs inactive. You need to configure it. Configuring an FPGA means

downloading a streamof 0'sand 1's through somespecialpins.



Configuration modes:

5/15/2023
VLSI Design Unit V       P Bujjibabu, Associate Professor, Dept.of ECE

48

Á JTAG- Joint TestAction Group or Boundary Scanmode:

Á Serialmode usedto configure-FPGA,CPLDand PROM

ÁMaster Serial:

Á Serialmode usedto configure-FPGA,by loading data from PROM. FPGAitself generatesthe

clock for data transfer

Á Data transfer is bit by bit per clock.

Á Slaveserial:

Á Serialmode usedto configure-FPGA,by loading data from PROM.

Á The clock for data transfer is generated externally by either microprocessor or another

FPGA.

Á Data transfer is bit by bit per clock.

Á Slaveparallel:

Á Parallel mode usedto configure-FPGA,by loading data from PROM.

Á The clock for data transfer is generated externally by either microprocessor or another

FPGA.

Á Data transfer is byte per clock.



7-Series FPGA Architecture - Current Industry standards
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FPGA Vendors & Device Families
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Xilinx:

Virtex-II/Virtex -4:Feature-packedhigh-performance

SRAM-basedFPGA

Spartan3: low -cost feature reduced version

CoolRunner: CPLDsAltera

Stratix/Stratix-II:High-performance SRAM-based

FPGAs

Cyclone/Cyclone-II:Low-cost feature reduced

version for cost-critical applications

MAX3000/7000 CPLDs

MAX-II: Flash-basedFPGA

Actel:

Anti-fusebasedFPGAs

Radiation tolerant

Flash-basedFPGAs

Lattice:

Flash-basedFPGAs

CPLDs(EEPROM)

QuickLogic

ViaLink-basedFPGAs

Altera:

Lattice:



Design examples -stack, queue and shift register 

Stack:

Stack and its basic Operations

ÅA Stack is a data structure(Last In, First Out) principle.

ÅPUSH Operation.

ÅPOP Operation.

ÅPEEK Operation.

ÅisEmpty: Check if stack is empty or not.









http://vhdlguru.blogspot.in/2010/03/basic-model-of-fifo-queue-in-vhdl.html

http://vhdlguru.blogspot.in/2011/01/implementation-of-stack-in-vhdl.html

For the full code on Stack, Queue and Shift register go through the links

http://allaboutfpga.com/vhdl-code-for-4-bit-shift-register/







Implementation using VHDL-step-by-step approach of FPGA 

design process on Xilinx environment.

Noting but 

working with 

FPGA



Implementation using VHDL-step-by-step approach of FPGA design process on Xilinx 

environment.

Design Entry

Create a project.

Create files and add them to your project, including a user constraints (UCF) file.

Add any existing files to your project.

Assign constraints such as timing constraints, pin assignments, and area constraints.

Functional Verification

You can verify the functionality of your design at different points in the design flow 

as follows:

Before synthesis, run behavioral simulation (also known as RTL simulation).

After Translate, run functional simulation (also known as gate-level simulation), 

using the SIMPRIM library.

After device programming, run in-circuit verification.



Design Synthesis

Synthesize your design(for syntax  type errors).

Design Implementation: includes the following steps:

Translate

Map

Placeand Route

Review reports generated by the Implement Design process, such as the Map

Report or Place& Route Report, and changeany of the following to improve your

design

Process properties

Constraints

Sourcefiles

Synthesizeand implement your designagain until designrequirementsare met.



Timing Verification

You can verify the timing of your design at different points in the design flow as

follows :

Run static timing analysis at the following points in the design flow : After

Map, After Place& Route

Run timing simulation at the following points in the design flow : After Map (for a

partial timing analysisof CLBand IOB delays)

After Placeand Route (for full timing analysisof block and net delays)

Xilinx Device Programming

Complete the description in HDL(VHDL or Verilog) for a your logic.

Verify its functional response through simulation.

Add the constraints (XDC) file (*get it from device vendorõs website )

Carry out the Synthesis, Implementation and generate the bit file.

Connect the corresponding h/w Board and verify its output



1. Complete the description in HDL(VHDL or Verilog) for a your logic-Ex. Fulladder

Working with FPGA-Without the core

ARTIX 7-XC7A35Tftg256 -1
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Working with FPGA-Without the core

Double click and 
enter the code in 

workspace5/15/2023
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Working with FPGA-Without the core

Save the code in workspace 
and go for simulation through 

flow navigator

RTL Schematic View

From XDC as per the device family
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Working with FPGA-Without the core

To locate the created XDC, to go 
to constraints file in the sources 

and elaborate the module 

To view the created XDC, to go to 
xxxxx.xdcfile in the constraints 

and double click 

Go for the Run Synthesis

Go for the 
Run Implementation

Verify the power, delay, 
Area utilization reports

Then, go to Generate 
Bitstream

Then, go to Open Hardware 
Manager
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Codes with explanation

BasicMUX Structure

SEL OUT

0 IN1

1 IN2

Verilog codefor MUX in gatelevelmodeling

1
1.( ) 2.OUT IN SEL IN SEL= +

module mux21(Y, D0, D1, S);

output Y; 

input D0, D1, S; 

wire T1, T2, Sbar; 

not (Sbar, S); 

and (T1, D1, S); 

and (T2, D0, Sbar); 

or (Y, T1, T2); 

endmodule

D0

D1

YS
Sbar

T1

T2

Here input ports are: D1, D0, and S

Output ports are : Y

Intermediate signals are: Sbar,T1,and T2 

Module name is mux21
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Codes with explanation

BasicMUX Structure

SEL OUT

0 IN1

1 IN2

Verilog codefor MUX in dataflowmodeling

1
1.( ) 2.OUT IN SEL IN SEL= +

module mux21(D0, D1, S, Y);

output Y; 

input D0, D1, S; 

assign Y=(S)?D1:D0;

endmodule

D0

D1

YS

Here input ports are: D1, D0, and S

Output ports are : Y

Intermediate signals are: Sbar,T1,and T2 

Module name is mux21

Y = D0.Sô + D1.S

This operator ? meansthat the output Y becomesequal to data D1 if

selectline Sis true otherwise D0 is the final output

Y = D0.Sô + D1.S
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Codes with explanation
BasicMUX Structure

SEL OUT

0 IN1

1 IN2

Verilog codefor MUX in behavioralmodeling

1
1.( ) 2.OUT IN SEL IN SEL= +

module mux21( D0, D1, S, Y); 

input wire D0, D1, S; 

output reg Y; 

always @(D0 or D1 or S)

begin

if(S) 

Y= D1; 

else 

Y=D0;

end

endmodule

D0

D1

YS
Sbar

T1

T2

Here input ports are: D1, D0, and S

Output ports are : Y

Intermediate signals are: Sbar,T1,and T2 

Module name is mux21
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Codes with explanation

BasicMUX Structure

SEL OUT

0 IN1

1 IN2

Verilog codefor MUX in Structuralmodeling

1
1.( ) 2.OUT IN SEL IN SEL= +

module m21(Y, D0, D1, S); 

output Y; input D0, D1, S; 

wire T1, T2, T3; 

and_gate u1(T1, D1, S); 

not_gate u2(T2, S); 

and_gate u3(T3, D0, T2); 

or_gate u4(Y, T1, T3);

endmoduleD0

D1

YS
T2

T1

T3

Here input ports are: D1, D0, and S

Output ports are : Y

Intermediate signals are: Sbar,T1,and T2 

Module name is mux21

module and_gate(output a, input b, c); 

assign a = b & c; endmodule

module not_gate(output d, input e); 

assign d = ~ e; endmodule

module or_gate(output l, input m, n); 

assign l = m | n; endmodule
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Codes with explanation4 to1 MUX using2to1Structure

module mux21(Y, D0, D1, S);

output Y; 

input D0, D1, S; 

wire T1, T2, Sbar; 

not (Sbar, S); 

and (T1, D1, S); 

and (T2, D0, Sbar); 

or (Y, T1, T2); 

endmodule

D0

D1

YS
Sbar

T1

T2

D1

D0

D2

D3

Y1

Y2

Y1

Y2

Y
u3

u1

u2

module M41(Y, D0, D1, D2, D3, S0, S1);

input D0,D1,D2,D3,S0,S1;

output Y;

wire Y1,Y2;

mux21 u1(Y1,D0,D1,S1);

mux21 u2(Y2,D2,D3,S1);

mux21 u3(Y,Y1,Y2,S0);

endmodule

S0

S1

S1
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Codes with explanation

BasicMUX Structure

SEL OUT

0 IN1

1 IN2

Verilog codefor MUX in dataflowmodeling

1
1.( ) 2.OUT IN SEL IN SEL= +

module mux21(D0, D1, S, Y);

output Y; 

input D0, D1, S; 

assign Y=(S)?D1:D0;

endmodule

D0

D1

YS

Here input ports are: D1, D0, and S

Output ports are : Y

Intermediate signals are: Sbar,T1,and T2 

Module name is mux21

Y = D0.Sô + D1.S

This operator ? meansthat the output Y becomesequal to data D1 if

selectline Sis true otherwise D0 is the final output

Y = D0.Sô + D1.S
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State Machines: Definition of Terms

ÅStateDiagram:

ÅIllustratesthe form and function of a statemachine.

ÅUsually drawn asa bubble-and-arrow diagram.

ÅState:

ÅA uniquely identifiable setof valuesmeasuredat various points in a digital system.

ÅNext State:

ÅThe state to which the state machine makes the next transition, determined by the

inputs presentwhen the device is clocked.

ÅBranch: A transition path from presentstate to next state.

ÅMealy Machine:

ÅIts outputs from the presentstateand from the current inputs.

ÅMoore Machine:

ÅA statemachine that determinesits outputs from the presentstateonly.



Present State and Next State

ÅOn a well -drawn state diagram, all possible transitions will be visible, including loops

back to the samestate.

ÅFrom this diagram it can be deduced that if the presentstate is State5, then the previous

statewas either State4 or 5 and the next statemust be either 5, 6, or 7.

State 6 State 7

State 5

State 4

ÅFor any given state, there is a finite

number of possiblenext states.

ÅOn eachclock cycle, the state machine

branchesto the next state.

ÅOne of the possible next states

becomes the new or present state,

depending on the inputs present on

the clock cycle.



State Machines: Definition 

Both these machine types follow the basic characteristicsof state machines,but differ in

the way that outputs are produced.
Mealy Machine: ςA Mealy machine is defined as a machine in theory of computation

whose output valuesare determined by both its current stateand current inputs. ...

Moore Machine: ςA Moore machine is defined as a machine in theory of computation

whose output valuesare determined only by its current state.

Moore Machine ï

Å Output dependsonly upon presentstate.

Å No. of states= No. of bits in the sequence+1

Å If input changes,output doeschange.

Å There is lesshardware requirement for circuit

implementation .

Å They react slower to inputs(One clock cycle

later).

Å Synchronousoutput and stategeneration.

Å Output is placed on states.

Å Easyto design.

Mealy Machine ï

Å Output depends on present state as well as

present input .

Å No. of states= No. of bits in the sequence

Å If input changes,output also changes.

Å There is more hardware requirement for circuit

implementation .

Å They react faster to inputs.

Å Asynchronousoutput generation.

Å Output is placed on transitions.

Å It is difficult to design.



FSM: Overlapping Vs Non-Overlapping

http://www.edwardbosworth.com/My5155Text_V07_HTM/MyText5155_Ch08A_V07.htm

ÅTherearetwo basictypes: overlap andnon-overlap.

Å In overlap, the final bits of onesequencecanbe the start of another sequence.

Å In a 11011sequencedetector, it raisesanoutputof 1 whenthe last5 binarybits receivedare

11011.

ÅAt this point, a detectorwith overlapwill allow the last two 1 bits to serveat the first of a

next sequence.

ÅBy examplewe showthedifferencebetweenthetwo detectors.

ÅSupposeaninputstring11011011011.

Input sequence  is         X 11011011011

11011detectorwith overlap Z 00001001001

Input sequence  is         X 11011011011

11011detectorwith no overlap Z 00001000001



ÁDefinestatesfor the sequenceto be recognized:

Á assumingit starts with first symbol,

Á continuesthrough each symbolin the sequenceto be recognized,and

Åusesoutput 1 to meanthe full sequencehasoccurred,

Åwith output 0 otherwise.

ÁStarting in the initial state(Arbitrarily named "A"):

ÅAdd a state that recognizesthe first " 1."

ÅState"A" is the initial state,and state"B" is the statewhich represents the fact that the "first" one in the 
input subsequencehasoccurred.

ÅThe output symbol "0" means that the full recognizedsequencehasnot yet occurred.

A B
1/0

FSMDesign Example: Sequence detector-1101



ÁAfter onemore 1, we have:

ÅC is the state obtained whenthe input

sequence hastwo "1"s.

ÁFinally, after 110and a 1, wehave:

ÅTransition arcs are usedto denotethe output function (Mealy Model)

ÅOutput 1 on the arc from D means thesequencehasbeenrecognized

ÅTo what stateshould the arc from stateD go?For example the sequence be : 1101101?

ÅNote that D is the last state but the output 1 occursfor the input applied in D. 

ÅThis is the casewhena Mealymodelis assumed.

A B
1/0

C
1/0

A B
1/0

C
1/0 0/0

D
1/1



ÁClearly the final 1 in the recognizedsequence 1101is a sub-sequenceof 1101.

ÁIt follows a 0 which is not a sub-sequence of 1101.

ÁThus it should represent thesame statereachedfrom theinitial stateafter a

first 1 is observed.

ÁWe  obtain:

1/1

DA B
1/0

C
1/0 0/0

A B1/0 1/0 0/0
C D

1/1



ÁThe state havethe following abstract meanings:

ÅA: No proper sub-sequence ofthe sequencehas occurred.

ÅB: Upon thesub-sequence1 hasoccurred.

ÅC: Upon the sub-sequence11hasoccurred.

ÅD: Upon thesub-sequence110hasoccurred.

ÅThe 1/1 on the arc from D to B meansthat the last 1 hasoccurred and thus, the

sequenceis recognized.

A B
1/0 1/0 0/0

C D

1/1



ÁThe other arcs are added to each state for inputs not yet listed.

ÁWhich arcsare missing?

ÁAnswer:

"0" arc from A

"0" arc from B

"1" arc from C

"0" arc from D.

1/1

A B
1/0 1/0 0/0

C D



ÁStatetransition arcs mustrepresentthe fact that an input subsequence
has occurred.

ÁThus we get

C

1/1

A B
1/0

D
1/0 0/0

ÁNote that the 1 arc from stateC to stateC implies that StateC meanstwo or more1's
haveoccurred.

0/0 1/0

0/0

0/0



ÁFrom the StateDiagram, we can fill in the StateTable.

ÁThere are 4 states, one input, and one

output. We will choosethe form with four

rows, onefor eachcurrent state.

ÁFrom StateA, the 0 and 1 input transitions

havebeenfilled in alongwith the outputs.

0/0

0/0

1/1

A B C D
0/011//00 1/0

0/0 1/0

Formulation:Finding StateTable

Present  
State

Next State 
x=0 x=1

Output 
x=0 x=1

A A B 0 0
B A C 0 0
C D C 0 0

D A B 0 1

Present  
State

Next State 
x=0 x=1

Output 
x=0 x=1

A A B 0 0
B

C

D



C1
/1

A
B

1
/0

D
1
/0

0
/0

0
/0

1
/0

0
/0

0
/0

`timescale 1ns / 1ps

module Mealy_Machine_Overlapping(input clk,
input reset,
input din,
output regdout);

parameter S0 = A , S1 = B , S2 = C , S3 = D ;

reg[1:0]state;

always @(posedgeclkor posedgereset) //procedural 
block
begin
if(reset) begin
dout <= 1'b0;
state <= S0;

end



C1
/1

A
B

1
/0

D
1
/0

0
/0

0
/0

1
/0

0
/0

0
/0

else begin
case(state)
S0: begin
if(din) //if input bit is matching with wanted bit(ieΧмύ

begin
state <= S1;
dout <=1'b0;

end
else //if input bit is matching with wanted bit(ieΧлύ

begin
state <= S0;
dout <=1'b0;

end
end



C1
/1

A
B

1
/0

D
1
/0

0
/0

0
/0

1
/0

0
/0

0
/0

case(state)
S1: begin
if(din) //if input bit is matching with wanted bit(ieΧмύ

begin
state <= S2;
dout <=1'b0;

end
else //if input bit is matching with wanted bit(ieΧлύ

begin
state <= S0;
dout <=1'b0;

end
end


