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Course objectives

2N ADITYA

=: ENGINEERING COLLEGE (A)

COB 1: To enablethe studentdearnvariousfabricationstepsof IC andMOS, Bi CMOS processe:
COB 2: To enablethe studentdearnbasicelectricalpropertiesof MOS Transistorsn analysisof
COB 3: To makethe studentdo studyMOS technologyspecificstick andlayoutrules

COB 4: To makestudentgo familiar with differentarchitecturaissuesof Subsysteniesignpr,
COB5: To enablethe studentsto highlight the architecturedesignissuesin the contextof

Course outcomes

At theendof the Course Studentwill beableto:

CO 1. Make commenton fabrication& productionprocesses

CO 2: Describetheelectricalpropertiesof MOS circuits

CO 3: Developthe stick andlayoutmodelsof MOS circuitsw.r.t. designrules
CO 4: Demonstratehe performancecharacteristicsvith the help of scalingfactorsin of MOS circuit
CO5: Suggesthe suitableDesign/FPGAarchitecturein prototypingfor betterperformance

5/15/2023 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE 2
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ATeII me.. Who can suggest the solution to this terrific problem(the
CORONA) ??7?7?

AA person | i ke@®@ERABABA?.
AA person Likd&a&KA PAUL?.
A A person like AMBHANI?..NO.

Aéé. . NOé. NOé. . NOEé.

AThen, who caa Q p A 5 EHA_g p a i

Al feel that; a person with
laboratory for new thing, can suggest the solution.

ASo,gain knowledgee be t he sol uti on.

5/15/2023 VLSI Design UnitV P Buijjibabu, Associate Professor, Dept.of ECE 3



Course Objective VLSI Technology, MOS
Fabricationiand sTiypes

(ADITUAY B e e oL e (A) Ids, Vt, Gm, Gd, Wo, alternative
forms of pullupsZpwZpd, types
To enablethe studentsearn of Inverters, MOS transistorcirc
A COB 1: IC TechnologyFabricationstep model, llatchup
A COB 2: Electrical propertiesof MOS Transistorsin Realization ofogic gates
circuits Sdinematies Stickigiagrannis; lcay

A COB 3: Stick andlayoutrules,andbasiccircuit co diagrams Calculate'R,CL, and
A COB4: Scaling& issuesn SubsystenDesign : associated Delays
A COB5:VLSI Designlssuesandto know aboutthe Architectureof FPGA

b <

©

Scaling'models, | . %

Scdlingfactorfor device Possibledesign r_nethodand ol s
parametersirchitecturalissues, Prototyping Important |

For yourexams,/ if




VLSI Design Issues
™ ADITYA

TLADITEJAY ENGINEERING COLLEGE (A)

AVLSI design flow (conventional & low power)
AVLSI Design issues and design trends,
ADesign process

AMixed Signal Design flow
AASIC Design flow
Alntroduction toSoCdesign
ATechnology options & Power calculations
APackage selection,

AClock mechanisms,

ADesign FoiTestability

5/15/2023
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FPGA Design
NADITYA

- ENGINEERING COLLEGE (A)

A Basic FPGA architecture,

A FPGAconfiguration, configuration modes,

A FPGA design processFPGA design flow,

A FPGA families,

A FPGA design examplestack, queue and shift register

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

_—

7w
AIENS J ri_LJ
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VLSI Design Flow

AN

':.ﬁm‘ufc‘%—'_w:.\ s 'COLLEGE.(A.)

AVLSIDesignis the processof creating an integrated circuit (IC) by combining
thousandsof transistorsinto a singlechip.

AEx Microprocessor/DSP

AVLSI (Conventional VLSI) Concentrateson component density per chip b
not on performance related issueslike., power dissipation and clockj
techniques

ACMOS VLSI(low power VLSI) Concentrateson designswith
* Lessarea/volume and therefore, compactness
* Lesgpower consumption.
* Higher speed,due to significantly reduced interconnection length.
* Significantcost savingswith respectto performance.

>




VLSI DeSign Flow T System
%"AI_’ Specification
-+
'\."-‘g"; ADITYA - Architectural
.—Q&J.‘.z%%\ ENGINEERING COLLEGE (A EMNTITY test Design

port & i g
arnd ERTIT Y

Functional Design
and Logic Design

ey
3
‘m Circuit Design
T
‘ ::EE;E:;ILE Physical Design
- x= TR

FPhvyvsical Werification

‘ DR and ?Iri-,gn«:ni"lr
ERC

T Lavout Post
FProcessing
R | .
Fabrication
- ¥
@ FPackaging
5/15/2023 VLS| Design UnitV P Buijjit and Testing s




VLSI Design Flow

[ Specifications }

(E)\ ADITYA

ENGINEERING COLLEGE (A)

Logic Design Frontend 2

Fabless

House =)
Physical Design Backend 7

Mask Information

FPGA
[ Foundry } (bit stream)?
Fap — me—)
l -
ASIC

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



FrontEnd Design
@?%JL\ ADITYA Design Enltry in HDL

T T2V ENGINEERING COLLEGE (A)

[ Simulation }

]

[ Functional }

Verification
Only HDL codes l
and RTL schematics [ Synthesis }

[ Static Timing}
Analysis

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



BackEnd Design

St ENGINEERING COLLEGE (A)

[ Synthesis

|

[ Layout Design}

Only Transistonhbased l

schematics and layouts— [ Place & Rout%

|

Mask
| e

Fabrication & Packaging

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



[ Algorlthm } ASIC Development Proce

3?5;,&_ EN%NER,!;!;L!E( Implementatlon m} Functional
HDL — Simulation

[ Logic SyntheS|s}

Post Synthesis

Ex: IC in armusical [ Gate Ievel net list }-b[

! Simulation
greeting.cards
[ Logic Venﬂcaﬂon}
¥
Mapping, Placing [ S | a
{ & Routing = Timing Simulatio
4

5/15/2023 { PhyS|Ca| Layo ut }VLSI Design Unit V P Bujjibabu, Associate Professor, Deptdf ECE




FPGA Design Process Algorithm
L

\ ADITYA [Implementation in}_}[ Functional }

- ENGINEERING COLLEGE (A) HRL S | m u IatIOn

P\
AIENS _”Jr"_LJ

[ Logic Synthesis }

Prototyping with P [ Technology net Iistlﬁﬂ Post Synthesis

FPGA by using 3 Simulation
xdc and [bit/files : :
Mapping, Placing
& Routing

| ¥ } l Timing }
[ Bltstrfam Simulation

Programming FPGA by downloading bi
5152023 VLSI Design stream into target Device




AN ADITYA

;i%x ENGINEERING COLLEGE (A)

DSP or

ADC Processor DAC J
architectures
Analog 1/0 Digital 1/0

e
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Introduction toSoCDesign

wommer=ew: ENGINEERING COLLEGE (A)

A SoC Systermon-a-Chipor Systemon-Chip

A System A systemcould be a computer, PDA,mobile phone, MP3, Digital Cameraor customized
for specificpurposes

A Thesystemmay containdigital, analog mixed signaland often radio-frequencyfunctio

A SoQefersto integratingall componentsinto a singleintegratedcircuit (chip)

AStructureof a SystemMicrocontroller.

A Microprocessoor DSReores

A MemoryBlocksg ROM,RAM,EEPROM,

A FlashClocksourcesc LocalOscillator,PLL

A PowerCircuitsg VoltageRegulatorDGDCconverters etc.
A Peripheralg; Countertimers, reaktime timers, etc.

A Externalinterfacesc USBEthernet, UARTRS232, etc.

A Analoglinterfacesc ADCsind DACSBlocksare connectedby either a proprietary or industry-standardbu
A EmbeddedSoftware

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




SoCArchitecture

== ENGINEERING COLLEGE (A)
Memory
Processor DSP
Embedded or
Doiare Special FU
s OCB Architecture
Configurable ,
5/15/2023 VLSI Design UnitV P Béngagdmmssor’ et r Perlphg'als




SoCDesign flow
{ :J%d ADITYA Source: C. W. Jen . NCTU, "SOC Design

ENGINEERING COLLEGE (A * Me‘l‘hadﬂ]ﬂgy -

High Level Algorithm Model
C/C+ICOSSAPNCC/MATLAB

Hardware/Software Partition
N2C/VCC

Communication Refinement Hardware!ﬁﬂftwa re Coverification
N2C/Port-CIVCC Hiﬂrﬂmlessf"ﬂmndle

—y_— RTOS Device Driver

WinCENVxWorks " Driveway

Back End

2
%E——
..

Chip

5/15/2023 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE 17 ‘



Network on Chip

£\

Y /7%
{ADiTYAY

TETIOECTTECE

A According to Wikipedia:

i oNetwork -on-a-chip (
NoC basedsystemsac
today's complex SoCdx

The NoC solution brin
claimsroughly a threef

Network on Chip or |
subsystemon an integr
Intellectual property (IF

NoCs can span synchr

ADITYA

ENGINEERING COLLEGE (A)

asynchronouslogic.

5/15/2023

VLSI Design Unit V

Network
Interface

Router

Physical
link

P Bujjibabu, Associate Professor, Dept.of ECE
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VLSI Designissues, Mo or e 6 & thé mediction that the number of transistorsin a
dense integrated circuitdoubles every two years as technological

,»;h f : progress advances. The observation was made b¢ordon Moore ,
DTUAY faneerie coweee (4 CO-founder of Intel, who saw that the size of transistors was /

shrinking rapidly due to continuous innovation .

Scal i ng/ Mdasiinitdé due th theaphysics of material.

o0 Now L (L=20nm??) affects tx delays (speed), noise, heat (power consumptlo

0 Scaling increases densitydksand requires omorebo

buses)more delays (lowering speed) and heat

PossibleSolutions:

A New fabrication solutions/material. E.g., Interconnect layers, new material
(copper & low k -material)

A Improve physical Designs at the transistolevel.

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

A Exploit transistor analog/physics characteristics

A Invent new transistors

A Invent new architectures



FPGA Evolution: From FPGAto- SoCito- ACAP

ACAP
First MPSoC
First 3D FPGA & & RFSoC
HW/SW
Programmable SoC
Virtex-2
' . Pro
First Virtex
FPGA
First FPGA
Introduced

£ XILINX

2011

AOS0QO0BA
AG1A2AE

1998

1985

, ,

ECE




https://newsroom.ibm.com/202105-06-IBM-UnveilsWorldsFirst2-NanometerChip TechnologyOpeninga-New-Frontierfor-
Semiconductors#assets 115:1738

AN f
’-n-:m“:E:%'—_:-‘t ENGINEERING COLLEGE ( A)

"The IBM innovation reflectedin this new 2 nm chipis essentialto the entire semiconductorand ITindustrya
The potential benefits of theseadvanced2 nm chipscould include:

Auadrupling cell phone battery life, only requiring usersto charge their devicese
daysi.

fSlashingthe carbon footprint of data centers which accountfor one percent of g
useli. Changing all of their serversto 2 nm-based processorscould potentiall
number significantly.

Mrastically speedingup a laptop's functions, ranging from quicker processingin applicati
to assistingn languagetranslation more easily,to fasterinternet access

AContributing to faster object detection and reaction time in autonomous vehicles i
driving cars

"The IBM innovation reflected in this new 2 nm chip is essentialto the entire semiconductor
and IT industry," said Dario 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.”

four



VLSI Designtrends,

™\ ADIT

inr‘-;)%mmm - ENGINEERING C

5/15/2023 VLS| Design Unit V

|C DESIGN METHODOLOGIES

//\\,

Full-custom
design

» This approach is
extremelv slow,
expensive

» It is only used to
design verv high
performance
systems

Standard-cell
based design

P Bujjibabu, Associate Professor, Dept.of ECE

» This approach is
reasonable fast.
less expensive

» Most ASICs are
currently designed
using this method

Gate-array
based design

Compiled cell

» This approach is
fast and less
expensive

» ASIC performance
are relatively slow

FPGA based
design

» The design process
is very fastand
cost effective

» ASIC performance
are slow

Macro cell

22



Technology options Cell based Design
Array Based Design
2N ADITYA

LSATINIEAS ADITYA Fomhest ENGINEERING COLLEGE (A)

Full-custom Design:
A Everygate is carefully designed and optimizedd Hierarchical design may be

used, placeand-route tools typically used

A Advantages:d High density, ideal for high volumes & Performance optimiz
A Disadvantages:d High design time, cumbersome
A Applications: Data paths in microprocessors

A H ipaying jobs!

Simple CAD tools d Design entry d Schematic editord Layout editor d DRC, LVS,
Spice
A No need for sophisticated synthesi

5/15/2023 VLSI Design Unit V P BlEngtE)abu, Associate Professor, Dept.of



Technology options

2N ADITYA

: ‘ 8] /":\‘. :
iﬂ;@%‘ ENGINEERING COLLEGE (A)

Semicustom Design:

A Use pre-optimized SSI or MSI library cells3 NAND gates, multiplexers, adder 4
slices, decoders, comparators, RAM, ROM

A Reduces design ti me

A Lower density and | ower per

A Standardized at the | ogic o

5/15/2023 VLSI Design Unit V P BIlEJJCj:IEabU, Associate Professor, Dept.of



Technology options

F‘—%\.‘
F
4

*fmmi%:-‘i\ s 'COLLEGE.( A)

Cell based Design:

A CAD tools needed for partitioning design

A Technology mapping

A Design entry, DRC, LVS, simulations tools
needed Placeand route tools

A Good for moderate volumes, as in ASICs,
typically used for non-critical portions of a
CPU

A The standard cell has variable cell and wiring
channel width,

A Many EDAtools to automate this flow

A Shorter designtime

System Model

System-level Synthesis

Algorithmic Model

High-level Synthesis

RTL Design

RTL
Logic Synthesis

Gate Level Netlist

Physical Synthesis

GDSII Macro

[

Soft Building blocks

(

|

e

Function
Implementations
FIMPs (FSMD)

U-architectural
Building Blocks

ot

Std Cell Libraries

Hard Building blocks ]

Reference by Shuo Li



Technology options i

A Programmable logic blocks

0 PLDs, PALS Fusible links (fuses) blown wher
current is exceeded

A Programmable interconnects

0 Mask-programmed gate-arrays (MPGAS)

0 Field-programmable gate-arrays (FPGAsPH Se:
of gates

ey N X
< ADITYA W = O
swemmwr=c=n: ENGINEERING COLLEGE (A)
Array BasedDesign " ] O Dt

L=
SFOTL D

f
(a) Before making connections (b) After connections made

WAV,
OV
OV

5/15/2023
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swemme=w - ENGINEERING COLLEGE (A)

,t VDD = fClkC

load

r
E = [( Viplicar + CV2 00 f)dr

Total

Dissipation

Power

-

Static Power
Dissipation

_{ v, 1. . dt

N

Dynamic Power
Dissipation

i
[cVv2on f.dt
O

Minimize I,_, by: Licak
o Lower operating voltage

o Fewer leaking transistors

Minimize lswimh. by:
o Lower operating voltage
o Less switching capacitance
o Less switching activity

sw*ltch

I

LI LVLO

VLSI Design Unit V

27
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Power CaICUIationS P = 'ﬁhe power dissipation is classified in two categories:

Staticpower dissipation
P W o \7 R Dynamic power dissipation
i ;_.j%_;_\ sl AR P . The dynamic power consumption of a CMOS IC is calculated
sommwr=c=n . ENGINEERING COLLEGE (A) . . .
g _ by adding the transient power consumption (PT), and
Sources of power dISSIpatIOnZ capacitive-load power consumption (PL). Transient power

- - - consumption is due to the current that flows only when the
mynamlc power dISSIPatIO transistors of the devices are switching from one logic state to

A -due to switching action of the N another.
A -capacitance is the main so
A -major contribution in total
AShort circuit power dissipati

A -during logic transition(0-toY e feasonsfor staticpower dissipationare:
A -can be reduced with help of b. GateOxide Leakage

Ae S c. ReversebiasCurrent
ak399power d|SS|pat|0n-' d. Gate induced leakage

A -due to sub-threshold and re !'tshard to find the accurateamount of leakagecurrentsbut it mainly
dependson supply voltage (VDD), threshold voltage (Vth), transistor
size(W/L) and the doping concentration

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

http://www.signoffsemi.com/470722/



Package selection ‘

ADITYA

maéﬁ:ﬁ:‘éz} ENGINEERING COLLEGE (A)

Common packagetypes
Through-hole technology.
Surfacemount technology.

MIP (Double In-line Package xom

ASOP/SOIC/SO (Small OutlindPackage M” Iii WM m

AFP (Quad Flat Package

AOFN/LCC (Quad Flat Non-

leaded Package DDPAK SOP HeAp- 102205 10220
MGA (Ball Grid Array Package

ACSP (Chip ScalPackagé

[C Package - Surface Mount IC Package - Through Hole

5/15/2023 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE 29



Package Selection

faay ADIT YA

-wommer=r=w . ENGINEERING COLLEGE ( A)

1 Size - Surface mount packagesare smaller in comparison to through-hol
packages '
2. Component density - Surfacemounting packageshave a comparatively hi
component density aswell asthe density of connections

3. Assembling Tiny errors are automatically corrected by the molten sold
pull components close together due to tension in surface mounting p
unlike through-hole packagesthat cannot afford even the slightestof errors while
making holes. Thisis becausethe alignment, once made, cannot be corrected.

4. Electromagnetic compatibility - It is the ability of different electronic device
and components to work correctly even in the presenceof other devicesthat emyj
electromagnetic waves. Surface mounting packages have a better EM
performance.

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

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




Clock mechanisms:

N ADITYA

B o ADITYA o=y . ENGINEERING COLLEGE (A)

Most Integrated Circuits (ICs) of sufficient complexity usea clock signalin order t
synchronizedifferent parts of the circuit, cycling at a rate slower than the worst-c
Internal propagation delays
Clocks are defined as pulsed, synchronizing signalsthat provide the time refe
for the movement of data in the synchronousdigital system
The clocking in a digital systemcan be either single phase multi-phase (usually two -
phase)or edge-triggered, asillustrated
Singlephaseclocking and singlephaselatch machine, Fig.12 (a)
Edgetriggered clocking and flip-flop machine, Fig.12 (b)
Two -phaseclocking and two -phaselatch machine with singlelatch Fig.12 (c)
Two -phaseclocking and two -phaselatch machine with double latch Fig.1.2 (d)

5/15/2023 VLSI Design Unit V P BIlEJJCj:IEabU, Associate Professor, Dept.of
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Single-phase clocking

i

Clock phase 1

5/15/2023

Combinational logic
)

Clock phase 2

VLSI Design Unit V
Two-phase clocking with single latch

b)
Combinational logic

O

o]

L

ar @

I w | I
1
r— Period —™

d)

Combinational logic

| L

Edge-triggered clocking

Clock phase 1

T T

'Ez'

Clock phase 2

.

Period ——»

L

l‘—W—HhI
I
|

|

--l—w—--

" ELIDE Ao phasé ¢iocking with double latch




Clock mechanisms: Che Combinational Nl
Clock 1 —» s logic 5 )
e\ ADITYA

TADITEJAY ENGINEERING COLLEGE (A) Source Clock 2 — Destination
latch - LS latch - LD
SRS ATVR). Cycle 1 »<«—— Cycle2 —
C|0Ck 1 : usefull time |
I
Effectson cycle time: t1 / data arrives 100 soon Critica Pat data arrives too late
¢ maximumdelayrestriction Clock 2 e
¢ violation of set up time /
May causerace ritical race e .
y " : t2 late clock arrival t3 t4 ear1y clock arrival

¢ minimumdelayrestriction
¢ violationof hold time
Uncertaintyis: Jitter, Skewand Duty Cyclelitter

Tolerantfor clockedgeuncertainty Tolerantto uncertaintyof dataarrival

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




- ENGINEERING COLLEGE (A)

Device Under Test (DUT)
or —
Circuit Under Test (CUT)

o/p

—

A Input testvectorsare devisedand appliedto the Device Under Test(DUT) or Circuit Under
Test(CUT) asits stimuli.

A Then the measuredutputsare comparedwith the expectedcorrectresponsego determin
whetherDUT is good(go) or bad(no go).

/152028 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE 4




Conclusion

g\ ADITYA

DTS/ ENGINEERING COLLEGE (A)

wVLSDesigns a complextask

wDesign methodologiesand CAD tools are important partners of the V
designen overcomingthis complexity
wCADtools free the VLSdesignerfrom easyto-do tasksand allow the de

to concentrateon creativetasks
wDesignmethodologiesand CADtools evolvebasedon R S & A Thge8sNX) &

N \//’_/

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



reld P rog ram mable G ate r ray

. FPGAstandsfor Freld Programmable Gate Array essentrallyr t ape
A D I TYA hardware that can be programmed as many times asthe userwants
canconvertor implementanyarbitrary equation into the form of the
equation, consequentlymplement thisascombinational or sequent
Simply put,anFPGA canbeusedto implement any logic function

4"’"‘" . ENGINEERING COLLEGE (A)

Reprogrammable
Chipsare prefabricated with logic blocks and interconnects

Logic and interconnectscan be programmed (erasedand re-programmed) by u
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 Sudhakaj
It hasarraysof logic blocks which are programmable.

It I1s surrounded by PROGRAMMABLEROUTING RESOURCESwhich allows the
userto define the interconnections between the logic blocks.

5/15/2023 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE 36



Introductionto FPGA

N\ \

ENGINEERING COLLEGE (A)

V Is it my first deviceto configurethelogic> NO
V Isit nextto PLD?> YES

Programmabldogicarraysc¢ about1970
Programmabldogicdevicesg about 1980

Field Programmable Gate Arrayabout 1985
V Then what i1s a PLD? Programmablé.ogic Device (PLD)
Alsol Y290y | &

& GCAStfR tNRIANIYYIHOoftS [23A0 5SUO

An IC/chighat can be configured by the user to implement different digtay.

V The purpose of PLD Permits digitalogic designs to be implemented by the user on a single device
Iscapable of being erased and reprogrammed with a n@sign
PLD<an be reprogrammed without being removed from the cirdagard
Immediate hardwaremplementationrwith low cost

V Types ofPLDs

SPLD$Simple Programmable Logic Devic&DM, PLA, PAL, GAL : GAL16V8D .
HCPL@High Capacity Programmable Logic Device)

LISy ¢
C130RR03 *.
CPLOComplex Programmable Logic Device)
5/15/2023 FPGAFieldProgrammable Gate Arrgy

VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of



FPGA building blocks:

A Programmable Interconnections
A Programmable logic blocks-CLBs
A Programmable 1/O blocks

I, a——
L ——
F
o e —— '-.
"I n
§ —i — -Loglc block Interconne
o[ —— _.
k

PLD toFPGA

- w.a_ #11

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

A Fast local interconnect
A Horizontal and vertical lines of various lengths After Prnogra

Before Programming

Switch Matrix

A 6 pass transistors per switch matrix interconnect po
A Pass transistors act as programmable switches
A PTG are driven by configurable memory cells

5/15/2023
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Programmable Logic Block€LB

u 45uA at f = 0 kHz (Typical)

https://hardwarebee.com/theultimate-guideto-fpgaarchitecture/

Programmable
Logic Block (PLE)

gonsistof three essentiaklements

"\\ I/0 Bank 0

r logicimplementation
axer for dataselection

N

Programmable Interconnect
> makethe necessargequentialtasks
4H z HEHHHHE
A
Shared Block-Level Controls
m| @ mlm|m|@|m|m ' Clock
4H ¥ HHHHHE "Rk T E e

1/0Bank 3

PLB
PLB

" 1 LI
! Set/Reset={\.., ! !
; s O_D i+ LogicCell

Programmable [rtarconned

’.*ICarry Logit '

Programmable Interconnect

PLB

PLB

8 Logic Cells = Programmable Logic Block

y Phas-e-LE:hed
Loop
Monvolatile Configuration

Memory (NVCM)
5/15/2023

Carry logic
Four-in
Look-Up Table | )
(LUT4) Flip-flop with enable
and reset controls

VLSI De5|gn Unit V P Bujjibabu, Associate 5rofessor, Dept.of ECE ‘

F|IE flop with
ional enable and
set or reset controls

Four-input
Look-Up Table
(LUT4)
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A LUT with N-inputs can be used to
Implement any combinatorial function

of N Inputs

A LUT is programmed with the truth-
table

A LUT to implement combinatorial logic
A Registerfor sequentialcircuits
A Additional logic
A Carry logic for arithmetic functions
A Expansion logic for functions

requiring more than 4 inputs

A —>
B —/
C—>

D '

LUT

Select

\ 4 \ 4
@)
c
—

R[R|R[P|F[F|F|O|o|o|o|o|o|o|of| >

RIR[R|lO|O|O|O|R|R|R|R|O[O|C|O W

R|O|O|R|r|O|0|R|R|O|O|R|F|O|lO| O

olr|o|r|o|r|o|r|o|r|lo|r|Oo|r|Of T

O|O|O|R|RP|R|O|R|FP|FPO|FR|IF|IFIO] N

Truth-table

Clock —p

o0 w>

1
s>

Gate implementation




Programmable I/O blocks ‘

VCCIo
J”U \ é%NQE:!:XéA%) :
A A Programmable /0 block is with edgetriggered D flip T-\
flops. L '
A The 1/0 blocks purpose is to provide the user interface S 0 / T
from the outside world to the FPGAInternal architecture. - Filkp
A The /O blocks comprise of the following items: \ 1/0 Bank 0
V  Input from outside to the inside of the FPGA [\t 10
V A delay element for providing a delay to the input pof| 0T
signal 2
V A multiplexer is providing a delayed input signal e - eill
V A register/latch is providing a register/latch output Q"'ai 'Ig '!E -
signal ’ %B 5 TN“‘“
V A set/resetline for providing a set/resetsignal E
V A decoder for providing the set signal or the reset —
sighalresponsiveto the set/resetsignal // &m{,{gmﬁ A\
V. An amplifier hasan output for providing an amplified T ey d
signalto a related resourcein the FPGA Wi, v e put/Outp

5/15/2023 : . : 43
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FPGA Evolution: From FPGAto- SoCito- ACAP

ACAP
First MPSoC
First 3D FPGA & & RFSoC
HW/SW
Programmable SoC
Virtex-2
' . Pro
First Virtex
FPGA
First FPGA
Introduced

£ XILINX

2011

AOS0QO0BA
AG1A2AE

1998

1985

, ,

ECE




FPGA Technology Roadmap
() ADITYA

ENGINEERING COLLEGE (A)

Technology | 0.6p | 0.35pu | 0.25pu | 0.18 u | 0.13

Tran,r count | 3.5M | 12M 23M /5M 430M

Comparison of Different Design Technologies
Custom Std Cells Gate Arrays FPGA

Design time Long Short Short Short
Fabrication Long Long Short None
Chip area Small Med. Large Very la
Design cost  High Med. Low Very lo

Unit cost Low Low Med. High
Design cycle Long Med. Short Very shor

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

Embeddedprocessorcores

DSPblock

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




FPGA cenflgur at'on Configuratlon modes
SR e S

:\ ADITYA CPLDs-----.jcd

weemmwe=—y: CNGINEERING COLLEGE (A) PROMs----- .MCS,.€x0, 1c
An FPGA can be into 2 states "configuration mode" or "user mode". When
an FPGAwakes up after power-up, it isin configuration mode, sitting idle with all

its outputs inactive. You need to configure it. Configuring an FPGA mea
downloading a streamof O'sand 1sthrough some specialpins.

[HDL Design Ent%y
| or EDIF

—

Implementation
for a specific device

Bit stream
file or PROM
file

l )
{ Configure the FPGA oﬂ

program the PROM

5/15/2023
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=%: ENGINEERING COLLEGE (A)

A JTAG Jomt TestAction Group or Boundary Scanmode:
A Serialmode usedto configure-FPGA,CPLDand PROM
A Master Serial

A Serialmode usedto configure-FPGA,by loading data from PROM. FPGAitself g
~ clock for data transfer
A Datatransferis bit by bit per clock.
A Slaveseriat

A Serialmode usedto configure-FPGA,by loading data from PROM.
A The clock for data transfer is generated externally by either microprocessor or an
FPGA
) A Data transferis bit by bit per clock.
A Slaveparallel:
A Parallelmode usedto configure-FPGA, by loading data from PROM.
A The clock for data transfer is generated externally by either microprocessor or an
FPGA

A Data transfer is byte per clock.
5/15/2028 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE 48




/-SeriesFPGAArchitecture- Current Industry standards

45nm
28nm

20nm

16NM

VIRTEX]

UitraSCal E

KINTEX

UitraSCALE+

ARTIC

UltraSCALE

5/15/2023

Maximum Capability

Lowest Power

Logic Cells

Block RAM

DSP Slices

Peak DSP Perf.

Transceivers

Transceiver
Performance

Memory
Performance

I/O Pins

I/O Voltages

L ) —

Industry’s Best Industry’s Highest

Price/Performance |System Performance

and Cost

20K - 355K
12Mb
40-700 240-1,920 700 - 3,960
504 GMACS 2,450 GMACs 5,053 GMACS
4 88

6.6Gbps and 12.5Gbps,
12.5Gbps 13.1Gbps and 28Gbps

70K -480K 285K - 2,000K

3.75Gbps

1066Mbps 1866Mbps 1866Mbps

450

3.3V and below 3.3V and below

1.8V and below

VLSI Design Unit V

3.3V and below
1.8V and below

P Bujjibabu, Associate Professor, Dept.of ECE

ZYNQ"

Extensible

Processing Platform

30K - 350K
240KB - 2180KB
80- 900
1080 GMACS
16
6.6Gbps and
12.5Gbps

1333Mbps

372

3.3V and below
1.8V andr below
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Xilinx: Actel:

Virtex-11/Virtex -4: Featurepackedhighperformance ~ Anti-fusebasedFPGAs
SRAMbasedFPGA Radiation tolerant
Spartan3: low -cost feature reduced version FlashbasedFPGAS
CoolRunner: CPLDsAltera Lattice:
Stratix/ Stratixl:High-performance ~ SRAMbased FlashbasedFPGAS
FPGAS CPLDS[EEPROM)
Cyclone/Cyclone-ll:Low-cost  feature  reduced Yckbogic
version for costcritical applications V'aL'”_k'basedFPGAS
MAX 3000/7000 CPLDs Altera:
MAX-II: Flashbased FPGA Lattice:
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. DATA [3:0
Stack and its B
AA Stack is a ©
. FULL

APUSH Opera ooy, Tevel? >
AP OP Operatic 4 : EMETV
APEEK Operat FOP : .
AsEmpty: Che Lrapr >

= —

Lewvel O SP [2:0]

Each port declaration includes the name of one
or more ports and the direction that information
1s allowed to flow through the ports:

- input - Push. Pop. Reset.

- output - SP, Empty, Full, Err.

- inout - DatalO.
The module definition 1s terminated by the
keyword endmodiile.

// Verilog code for stack
module Stack {(DatalIC, EReset,
Pop, SP, Full, Empty, Err);
/* declare input, ocutput and
ports */

incut [3:0] Datalo;

input Push, Pop, Reset;

cutput Full, Empty,Err;

ocutput [2:0] SP;

// declare registers

reg Full,Empty,Err;

reg [2:0] S5P;

reg [3:0] Stack[7:0];

reg [3:0] Datakr;

/* continuous assignment of DataIO to
DataR register, with delay 0 */

wire [3:0] #(0) DataIo Dataklk;

Push,

inout

endmodule



- the first always 1s controlled by positive edge
of Push. Pop and Reset: in this block will be
imitialize the stack and will be push and pop

A28 data:

:V—DFUJ\ !ﬁNQRI!GEI!EA(A) always @ (posedge Push or posedge FPop
or posedge Esset)
begin
end

- the second a/vwayvs 1s controlled by negative
edge of Pop:. i this block the DaraR register
goes 1 High Impedance and the stack will be

able to recerve data in case of push instruction.
always (2 (negedge FPop)
begin

DataR = 4'bzz=zz;
Stack PUSH o snd
A push mstruction will cause the 4-bit mput

(Datal0) to be pushed onto the stack and the
stack pornter SP will be imcremented.




if (Push==1) begin
// when the stack is empty
if (Empty==1)

() ADITYA
:,—3 YA ENGINEERING COLLEGE (A) Stack[SP] = Datalo;
After a depth of 7 1s reached. the stack 1s full Empty = 0U;

and the Ful/l output goes HIGH. If further pushes 1f (Brr==1)

are attempted when the stack 1s full. the Error Brr=90;
. ] end
output goes HIGH. and t_he stack mfm‘matmn at else // when the stack is full
the top of the stack (7) will be over-written. if (Full==1)
begin
Stack[SF] = DatalIo;
Err = 1;
end
else
begin

SP = SP +1;
Stack [SF] = Datald;
if (SP == 3'bll1l)
Full = 1;
end
end



if (FPop==1) begin
/* 1if 5P indicates the last location
but the stack is not empty */

Yl \ADITYA if ((S5pP == 3"b0O00) && (Empty!=1)
Cwrmrre ADITUA - ENGINEERING COLLEGE (A) begin
DatakE = Stack[5FP];
Stack POP Empty = 1;
A pop mstruction will cause the top item on the end
stack to be popped and the stack pointer SP will else // if the stack is emtpy

be decremented. Further pops from a not empty if (Empty==1)
stack will place the bottom data on the DaraR + -mp ¥
register. If further pops are attempted when the begin
stack is empty. the Error and Empty output goes DatakR =
HIGH. Err = 1;
end
else

begin

Stack[5SF] ;

Datak = Stack[SFP];
if (Sp !'= 32'bL0O00)

SP = SP-1;
// if the stack is full
if (Err==1) Err = 0;
if (Full==1) Full = 0;

end
aend



Stack RESET

if (Eeset==1)
() ADITYA begin
eemewr=r=n . ENGINEERING COLLEGE (A) o . | DatalR = quEEEE,
The reset mstruction will mitialize the entire SP = 3'b0;
stack to a known state: the DataR output goes in Full = 0;
. Empty = 0;
High Impedance and the other outputs (Stack S
Pomter, Full. Empty, Err) goes LOW. end

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

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

http://vhdlguru.blogspot.in/2010/03/basic-model-of-fifo-queue-in-vhdl.html
http://allaboutfpga.com/vhdl-code-for-4-bit-shift-register/




VHDL code for Parallel In Parallel Out Shift Register: =

library 1eee;

BN E A use ieee.std logic 1164.all;

entity pipo 1is

port/(

clk : 1nm std logic;

D: in std logic wector(3 downto 0);
Q: out std logic wvector(3 downto ©)
) :
end pipo;

architecture arch of pipo is

begin

process (clk)

begin

if (CLK'"event and CLK="1") then
Q == D;

end 1iT;

end process;

end arch:



Serlal In - Parallel Out Shlft Reglsters Llibrar y ieee;</pre>
“ <pre>use leee.std logic 1164.all;
entity sipo 1s

o ADITYA s

$ ,‘v-.—' A 3 /./‘
2N Al port ( 4
S ENGINEERING COLLEGE (A) v

ﬁ

L i

clk, clear : 1in std logic;
Input Data: in std logic;

Q: out std logic vector(3 downto @) );
end sipo:
architecture arch of sipo 1s
begin
process (clk)

begin

if clear = '1' then
Q <= "0000";

elsif (CLK'event and CLK="'1"') then
Q(3 downto 1) <= Q(2 downto 0); 2
Q(0) == Input Data; \\
end 1f; 3
end process;

end arch:



{ipFup :j%d A D l TYA

ENGINEERING COLLEGE (A)

Design Dasign Vearification
Entry L i-
l EBehavioral
Simulation
Design *‘
4 Synthesis
Noting but I-
. : Functional
working with Tt il
FPGA — :
// Dasign - Static Timing
\ Implamantation Analysis
Back . Timing
_l Annotation | Simulatiocn
Xilinxk Device - In-Circuit
Frogramming Verification




-{Implementatlon usmg VHDL step by step approach of FPGA deS|gn process on X|I|nx

ﬁ”“@‘m

LADITUAY E\GINEERNG CoLLEGE (A
DesignEntry
Create a project.
Create files and add them to your project, including a user constraints (UCF) fi
Add any existing files to your project.
Assign constraints such as timing constraints, pin assignments, and area c
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 gatelevel simulation
using the SIMPRIM library.

After device programming, run in-circuit verification.




(E)\ ADITYA

- ENGINEERING COLLEGE (A)

Design Synthe5|s
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
Report or Place& Route Report, and changeany of the following to improve
design
Process properties
Constraints
Sourcefiles

Synthesizeand implement your designagain until designrequirementsare met.




>

m!\ EEl:r;léi’NEéélNG COLLEGE (A)

Timing Verification :
You can verify the timing of your design at different points in the designdlow as
follows:

Run static timing analysis at the following points in the design f
Map, After Place& Route

Run timing simulation at the following points in the designflow : After
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.

Addt he constraints (XDC) file (*get 1€ =
Carry out the Synthesis, Implementation and generate the bit file. |
Connect the corresponding h/w Board and verify its output

e T
e N
F\P

A e R A
SADINTEIN




Working with FPGAWithout the core
heAdﬁiqun HDL(VHDL or Verilog) for a yologic-Ex. Fulladder

4 A

L 7 # Mew Project
v | \//ADO ' ERING COLLEGE (A) Default Part

HLx Editions

Project Type Choose a default Xilinx part or board for your project.

Specify the type of project to create.

Parts | Boards

Ulle k Sta rt (@) RITL Project Reset All Filters
You will be able to add sources, create
m implementation, disi Category: | All w Package: | All w
i ) ' .
Create Project 3 Do not specify soL Next = Family: | All v | Speed: | Al v
¢ New Project Default Part

Choose a default Xilinx part or board far your project.

Create a New Vivado Project

VIVADO'
S ARTIX 7-XC7A35Tftg256 -1

TuL a0t = | ooy B oy
Reset All Filters
¢ MNew Project

Category: | All o Package: ftg256 ot
Project Name Family: Artix-7 ~ Speed: -1 w
Search: | Q- w
Project name: | TestZFAwithoutcore
Part {3 Pin Count  Awvailable IOBs  LUT Elements  FlipFlops
Project location: D X¥CTa15tftg256-1 256 170 10400 20800
[ xc7a3stig2s6-1 | 256 170 20800 41600

Create project subdirectory

. ¥c7as0ttg256-1 256 170 32600 ECalu
5/15/2023 ijectwiﬂbec?éh{@d@@ﬁmé#@itJJlbabu,ASSOC|ate Professor, e 256 170 e —

ECE [
xcTat100tfhg256-1 256 170 63400 i



Working with FPGAWithout the core

New Project Summary

ﬂ Anew RTL project named Test2FAwithoutcore” will be created.

0 The default part and product family far the new project:
Default Part: xc7a3stig256-1

Product: Artix-7
Family: Artix-7
Package: fig256
Speed Grade: -1

# Test2FAwithoutcore - [Dn/Test2FAwithoutcore/Test2FAwithoutcoresxpr] - Vivado 20191

File

=

F |

Edit Flow Tools

Flow Navigator

~ PROJECT MANAGER
£} Settings
Add Sources
Language Templates

<F |P Catalog

5/15/2023

) Module Definition
Add or Create Design Sources
Specify HOL, netlist, Block Design, and IP files Module name: |Full_adder_case
disk and add it to your project.
) IO Port Definitions
+
+,
PortMame  Direction Bus
< input  ~ [ |

-
Agd Directories | | Create File

[emsn |

¢ Define Maodule >
Reports Window Layout Wiew Help File type: @ verilog I
[ . .
b, W & 2 File name: | modulename] o The module definition has not been changed.
PROJECT MANAGER - Test2F Awithoutcore File location: & <Local to Pro lig GELT LR LT T L™
DK
4 Add Sources | n ’
Sources ¥es Mo
-y . [
Q| = ||+ Add or Create Design Sources Sources
Specify HDOL, netlist, Black Diesign, and IP files, or directories containin - -
disk and add it t ject Q = > +
Add Sources isk and add it to your project.

T

This guides you through the process of adding and ¢

- Index Mame Libra Location
| Add or create constraints ry

@ 1 Full_adder_casev  xil_defaultlib
(®) Add or create design sources

1:: ::2 Add or create simulation sources

VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of

ECE

=Local to Project=

Design Sources (1)

@ = Full_adder_case (Full_adder_casev)

[ T S U

Double click an
enter the code in



Working with FPGAWithout the core

Save the code in workspace

flow navigator

~  SIMULATION ¥ SIMULATION

Run Simulation Run Simulation

~  RTL AMALYSIS -

» Open Elaborated Design

» SYMRTHESIS
P Run Synthesis

»  Open Synthesized Design

~  IMPLEMEMTATION

P Run Implementation

} S |-n.-h|; 1o -t;_-. E;:'-.-
Lipen e = MNied =2S1gn

~ PROGRAM AMD DEBUG

155 cGenerate Bitstream

> Opef/BartReare Manager

and go for simulation through A I

¥ Switches=

set property —dict { PRACEAGE PIN LS
LEGE (A) — [get ports { sw[0] }];#LSB
: set property —dict { PACEAGE PIN L4
:: E [get ports { sw[l] }];
W Cin set property —dict { PRCERAGE PIN M4
i $ LEDs

Cout
I

Rum Behavioral Simulalon

set property —-dict { PACEAGE PIN J3
[get ports { led[0] }];#LSE

Read -1
© RTL ANALYSIS y set property —-dict { PACEAGE PIN H3
f | |
~ (Open Elaborated Design O Planning v RTL ROM
Report Methodo)
Report DRC From XDC as per the device famlly}
/
Tcl Console Messages Log Rej Ry Tcl Console Messages Log Reports lesign Runs Package Pins 'O Ports 4
Q = = =& + H Q = = [*a| ¢ Save Constraints
Mame Direction MNegDiff Pair Packag Fixed | Mame Direction N Std Vooco o Wref  Drive
V All ports (5 v e All ports (5 ®) Create a new file
v Scalar ports (5 e Scalarpors (2 -
Fil 3 i XDC
I w IM L5 o File type
I e IM L4 W File name: FAcasexDC
I b 1M M4 ) ) .
File location: | « =Local to Project=
OUT v/SI Design Unit V' P Bujjibabu, Associdt®Professor, Deptdf ¥ =
ouT vECE ouT H3 v v 35 LVCMOS33* ~ 330




Working with FPGAWithout the core

To locate the created XDC, to g
to constraints file in the source
and elaborate the module

To view the created XDC, to go to
xxxxx.xddile in the constraints
G and double click

Go for the Run Synthesi

Hardware ? 00 X mux2iv  x muxsptXDC.xdc
ELABORATED DESIGH * - o & D:5PThatchtest07072021/5PThatchtest07072021 sres/sources_T/new/mux2 .y
F o A — | — | D
No content Bitstrearn Generation Completed > X /I = )
Sources  x MNetlist Go for the
q - - + o Bitstream Generation successfully completed. tun |mp|ementati0n
- h Source File Properties ?
Hext
w . Design Sources (1) ) tHDC xd 5
g I muxsp xee @Eiew Repors
® - full_adder_ca (v] Enabled () Generate Memory Configuration File 1711000000000 EAAE 00000788071 rify the power, delay,
w . Constraints (1) R T = - . - :
( o——— "] ("] Dont show this dialog again 2a ut|||zat|0rTep0rtS
w o constrs_1(1) General Properiies
[l' F"l"'. ;{DC d Cancel
AcaserLiL-xde — ) — len, go tadGenerate
rl Console w  Mescanes Serial 10

+ = Simulation Sources (1) Bitstream

set property PACKAGE PIN J3 [get ports Cout] \L
set property FACKRGE FIN H3 [get ports 3]
set property IOSIANDARD LVCMOS33 [get ports Cout]

set property IOSIANDARD LVOMOS3I [get ports 3]

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

2 sim_1 (1)
> Utility Sources

Then, go tdOpenHardware
Manager

0]9)
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Codes with explanation

N ADITYA

ENGINEERING COLLEGE (A)

BaS|cMUX Structure

T1

ouT

IN2 1 IN2 DO T2

SEL

OUT = INL1L.(SELD' +IN2. SEI

Verilog codefor MUX in gatelevel modeling

Here input ports are: D1, DO, and S
Output ports are : Y

-- v
Sbar

module module_name (port_list) ;

Port declarations

Parameter declarations interface
‘include directives add-ons
variable Declarations
assignments
lower-level module instantiation
initial and always blocks
task and function body
endmodule module definition
—_—————————
module mux21(Y, DO, D1, S);
output Y;
input DO, D1, S;

wire T1, T2, Sbar;

not (Sbar, S);

and (T1, D1, S);
and (T2, DO, Sbhar);

Intermediate signals are:Sbar,TLand T2 or (Y, T1, T2);
Module name is mux21 endmodule
5/15/2023 VLSI Design Unit V P Bujjibabu, Associate Professor, Dept.of ECE



Codes with explanation ‘
BaSICMUX Structure

:Jm A ADITYA D1

module module_name (port_list) ;

- ENGINEERING COLLEGE (A) i Port declarations
Parameter declarations :
EL T —] interface
Ny = ok S 1y = Do.ng+ D1. S
OUT 0 IN1 ‘include directives add-ons
IN2 1 IN2 DO - variable Declarations
SEL assignments
OUT = IN1. ( SE |_)1 +IN2. SEI lower-level module instantiation
initial and always blocks
task and function body

Verilog codefor MUX in dataflowmodeling

endmodule module definition

Here input ports are: D1, DO, and S
Output ports are : Y
Y = DO0.S6 + D1.S

_ module mux21(DO, D1, S, Y);
Module name is mux21

output Y;
This operator ? meansthat the output Y becomesequal to data D1 if inpSt DO D1. S:

selectline Sistrue otherwise DO isthe final output

assign Y=(S)?D1:D0;

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




Codes with explanation
BasicMUX Structure

(D) ADITYA

ENGINEERING COLLEGE (A)

IN1

ouT

IN2

SEL

S
0
0
l
l

DO

— — OO

D1

0
l
0
1

module module_name (port_list) ;

Port declarations

Parameter declarations interface
‘include directives add-ons
tpu ._ variable Declarations
\i assignments
lower-level module instantiation
0 initial and always blocks
| task and function body
| endmodule madula dafinitian
l module mux21( DO, D1, S, Y);

Verilog codefor MUX in behavioralmodeling

Here input ports are: D1, DO, and S

Output ports are : ' Y

Module name is mux21

5/15/2023

VLSI Design Unit V

P Bujjibabu, Associate Professor, Dept.of ECE

input wire DO, D1, S;
output reg Y,

always @ (DO or D1 or S)
begin
if(S)
Y= D1,
else
Y=DO0;
end

endmodule
70




Codes with explanation module m21(Y, DO, D1, S);

output Y; input DO, D1, S;

Qe ADITYA wire T1, T2, T3;

Al ' ENGINEERING COLLEGE (A)

BasicMUX Structure D1 = and_gate ul(T1, D1, S);
not_gate u2(T2, S);

IN1 SEL O and_gate U3(T3, DO, TZ),
ouT or_gate u4(Y, T1, T3);
IN2 1 IN2 DO T3 endmodule

SEL

OUT = INL1L.(SELD' +IN2. SEI
_ _ . module and_gate(output a, input b, ¢);
Verilog codefor MUX ' in Structuralmodeling assign a = b & ¢; endmodule

Here input ports are: D1, DO, and S
Output ports are : Y module not_gate(output d, input e);
Intermediate signals are:Sbar,T1,and T2 assign d = ~ e; endmodule

Module name is mux21 module or_gate(output |, input m, n);

assign | = m | n; endmodule
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Codes with explanatior# tol MUX using2tolStructure ‘

Y1
ul

Y1

)\ ADITYA

PATVIETAS @ gA \ ENGINEERING COLLEGE (A)

st
Y2

u3

S\

Y2
uz2

q

module mux21(Y, DO, D1, S);
T1

|

output Y;
. input DO, D1, S;
‘ > Sbar wire T1, T2, Shar;
B

not (Sbar, S);

and (T1, D1, S);
and (T2, DO, Sbar);
or (Y, T1, T2);

endmodule

module M41(Y, DO, D1, D2, D3, SO, S1);
input DO,D1,D02,D3,50,51;
output Y;
wire Y1,Y2;

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

mux21 u2(Y2,02,D3,S1);

mux21 u3(Y,Y1,Y2,S0);
endmodule
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Codes with explanation
Ba5|cMUX Structure

NADITYA

% J”U . ENGINEERING COLLEGE (A) D1 |
SEL OouT S —

our 0 IN1
IN2 1 IN2 DO

SEL

IN1

OUT = INL.(SELD' +IN2. SEI

Verilog codefor MUX in dataflowmodeling

Here input ports are: D1, DO, and S
Output ports are : Y
Y = DO0.S6 + D1.S

Module name is mux21

This operator ? meansthat the output Y becomesequal to data D1 if input DO, D1, S;

selectline Sistrue otherwise DO isthe final output

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

Y = D0.S6+ D1.S ) [

module module_name (port_list) ;

Port declarations
Parameter declarations interface

‘include directives add-ons
variable Declarations

assignments

lower-level module instantiation

initial and always blocks

task and function body

endmodule module definition

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

output Y;

assign Y=(S)?D1:D0;
endmodule




StateMachines Definition of Terms

>

::\ | A

ENGINEERING COLLEGE (A)

L
FN\\P
et A
DTSN

fStateDiagram:
Allustratesthe form and function of a state machine.

AJsually drawn asa bubble-and-arrow diagram.

fState
A uniquely identifiable setof valuesmeasuredat various points in a digit

MANext State

AThe state to which the state machine makesthe next transition, determined by
Inputs presentwhen the device is clocked.

Mranch A transition path from presentstateto next state

AVealy Machine:
Ats outputs from the presentstate and from the current inputs.

MMoore Machine:
AN state machine that determinesits outputs from the presentstate only.




Present State and Next State A For any given state there is a finite

number of possiblenext states
2N ADITYA A On eachclock cycle the state machine

1./\JD 1r5l \ B
| S iiorrams Fow misceres |

ENGINEERING COLLEGE (A) branchesto the next state

A One of the possible next states
State 4
becomes the new or present state

depending on the inputs present on
State 5 ’

the clock cycle

AOn a well-drawn state diagram, all possible transitions will be visible, including loops
backto the samestate

AFrom this diagram it can be deduced that if the presentstateis State5, then the previous
state was either State4 or 5 and the next state must be either 5, 6, or 7.




State Machine®efinition

N 4
gAY 4

ol ENGINEERING COLLEGE (

Both these machine types follow the basic characteristicsof state machines,but differ in
the way that outputs are produced.
Mealy Machine ¢ A Mealy machine is defined as a machine in theory of co ation
whose output valuesare determined by both its current state and current inputs
Moore Machine ¢ A Moore machine is defined as a machine in theory of

whose output valuesare determined only by its current state

Mealy Machine i Moore Machine 1
A Output depends on present state as well as Output dependsonly upon presentstate
presentinput. No. of states= No. of bits in the sequen
No. of states= No. of bits in the sequence If input changes,output doeschange
If input changes,output alsochanges There is lesshardware requirement for
There is more hardware requirement for circuit implementation.

Implementation. They react slower to inputs(One clock cycle
They react fasterto inputs. later).

Asynchronousoutput generation. Synchronousoutput and state generation.
Output is placed on transitions. Output is placed on states

It is difficult to design Easyto design

o o o o I I I»
Do o o To T Do Do Do



FSM: Overlapping Vs NorOverlapping

>

o2

AN ENGINEERING COLLEGE (A)

A Therearetwo basictypes overlap andnon-overlap.
A In overlap the final bits of onesequencecan be the start of another sequence
A In a11011sequenceletector, it raisesanoutputof 1 whenthelast5 binary bits re

11011
A At this point, a detectorwith overlapwill allow the last two 1 bits to serveat

next sequence
A By examplewe showthedifferencebetweerthetwo detectors
A Supposeaninputstring11011011011

Input sequence is X @1011021011

11011detectomwith overlap Z 00001001001

Input sequence is X @101140110)1

11011detectomwith no overlap Z 0000LO000QL
htto://www.edwardbosworth.com/Mv5155Text VO7 HTM/MyText5155 Ch0O8A VO7.htt




FSM Design ExampleSequence detectoi1101

¥

AN ADITYA

o=y . ENGINEERING COLLEGE (A)

A Define statesfor the sequencéo be recognized:

A assumingit starts with first symbol,

A continuesthrough each symboin the sequenceo be recognized,and
A usesoutput 1 to meanthe full sequencéhasoccurred,
A with output 0 otherwise.

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

B®
A State"A"is theinitial state,and state"B" is the statewhich represents thefact that the "first" one in the
Input subsequencéasoccurred.

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

A Add a state that recognizeshe first " 1




N ADITYA

ADTYAY ENGINEERING COLLEGE (A

A After onemore 1, we have:

A C is thestateobtained whenthe input
sequencéhastwo "1"s.

A Finally, after 110and a 1, we have:

. 1/0 . 1/0 @
1/0 1/ O/O 1/_1’

A Transition arcs are usedto denotethe output function (Mealy Model)

A Output 1 onthe arc from D means thesequencehasbeenrecognized

A To what stateshould the arc from stateD go?For example the sequence be 11011077

A Notethat D is the last state but the output 1 occursfor the input appliedin D.

A This is the casewhen a Mealy modelis assumed.




#NADITYA

=: ENGINEERING COLLEGE (A)

o 1/0 1/0 0/0 o 1/1

A Clearly the final 1 in the recognizedsequencel101is a sub-sequen
Alt follows a Owhich is not a sub-sequenceof 1101.
AThusit shouldrepresentthe samestatereachedfrom theinitial state after

first 11s observed.
AWe obtain:




() ADITYA

e . ENGINEERING COLLEGE (A)

A The state havethe following abstract meanings:
A A: No proper sub-sequence ofhe sequencenasoccurred.
A B: Upon the sub-sequencel hasoccurred.
A C: Upon the sub-sequencell hasoccurred.
A D: Upon thesub-sequencell0hasoccurred.

A The 1/1 on the arc from D to B meansthat the last 1 hasoccurred and thus, the
sequencas recognized.



A\
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\ADIT YA

ENGINEERING COLLEGE (A)

A The other arcs are added to eaclstatefor inputs not yet listed.

A Which arcs are missing?

A Answer:

"0" arc from A
"0" arc from B
"1" arc from C
"0" arc from D.




T T2V ENGINEERING COLLEGE (A)

A Statetransition arcs mustrepresentthe fact that an input subsequen
has occured.

A Thuswe get

A Notethat the 1 arc from stateC to state C implies that StateC meanstwo or morel's
haveoccurred



Formulation:Finding StateTable

A From the StateD lagram, we canfill in the StateTable.
N ADITYA

ENGINEERING COLLEGE (A)

/0
A There are 4 states, one input, and one

output. We will choosethe form with four
rows, onefor eachcurrent state

A From StateA, the 0 and 1 input transitions
have beenfilled in alongwith the outputs.

Present | Next State Output Present | Next State
State x=0 x=1 x=0 x=1 State x=0 x=1 x=0 x=1
A B 0 0

O 0 m>
OO m>
> 0| > >
OO

ellellelle)
R OO 0o




‘timescale 1ns/ 1ps

m;@_@g [ﬁNER,!GILL!EA(A, moduleMealy Machine Overlappidigput clk,
Input reset,

iInput din,

output regdout);

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

reg[1:0]state;

always @gosedgeclkor posedgereset) //procedural
block
begin
If(reset) begin
dout <= 1'b0;
state <= SO0;
end




ZEn AT YA  elsebegin
iﬂ._;)%‘ ENGINEERING COLLEGE (A)
case(state)
S0: begin
iIf(din) //if input bit is matching with wanted bit
begin
state<= S1;
dout <=1'b0;
end
< else //if input bit is matching with wantedit(ieX n 0
begin
state <= SO0;
dout <=1'b0;
end
\. end




0/0

Ty

220 "
TADITYA

)

ADITYA

D T2V ENGINEERING COLLEGE (A)

>
S
o
S~
S
O
S~
S
E 0
o
S~
S

0/0

0/1

case(state)
S1:begin
s If(din) //if input bit is matching with wanted bit
begin
state<=S52;
dout <=1'b0;
end
else //if input bit is matching with wanteldit(iexX n
begin
state<= S0;
dout <=1'b0;
end

= end




