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Abstract:   

Energyharvestingistheemergingtechnology,suchdevice

sconvertingambientenergyintoelectricalenergy.Various

typesofambientenergysourcessuchassolar,thermoelectr

ic,bloodpressure,vibrationmicrogenerator,piezoelectric

pushbuttonsandambientradiofrequency.Energyharvesti

ngthoroughpiezoelectricisgeneratingverysmallamount

ofpower.Thislimitsisusetolowenergyelectronicssuchas

wearableelectronics,wirelesssensornetworkandlongter

mlowpowersensorsetc.Herepiezoelectrictransducerisso

urceforenergyharvesting.Piezoelectriciscapableofgener

atingelectricalenergywhenavibrationisappliedonthem.

Therestrictedlimitoflimitedpowersourceandtherequire

mentforsupplyvitalityforanexistencetimeofaframework

.Thereisanecessityforselfpowergadget.Vitalitygatherin

gfocusedfrompiezoelectrictransducer.Utilizingpiezoele

ctrictransducerchangeoverelectricalvitalitybyutilizingr

ectifier.Theoutputvoltagesofpiezoelectrictransducerare

1vonly.Thisvoltageisnotenoughtodrivecircuits.Henceb

oostconvertersalsoincludedinthiscircuit.Toreducetheov

erallpowerdissipationtherectifierandboostcircuitareimp

lementedusingCMOStechnology. 
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ACDCpowerconversion,energyharvesting,piezoelectri
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1.INTRODUCTION 
 

 
Energyharvestinghasbeenlargelyresearchedandappliedi

ntoquitealotofpurposesakintowirelesssensornodes(WS

Ns),implantable,wearablemicroelectronicinstrumentsa

ndmanyothers.Takingcompetenciesofspeedytechnolog

icaldevelopmentsinlow-

energyCMOSdesign.Thesefunctionspermitfortheusage

ofelectronicsintotoughtoreachlocationsreminiscentofin

sidethehumanbody.However,theseimplantedorintegrat

edelectronicsusebatteriesrequiringperiodicsubstitute.T

herefore,theseapplicationsnormallyhaveverystrictrequi

sitesforbatteryexistence.Tosolvetheproblemsrelatedtop

oweringoftheelectronics,powerharvestingfromanambie

ntpowersourcecorrespondingtoelectromagneticsignal,

wind,mechanicalvibration,RF,andthermalvigorarecons

ideredtobeoneofthemostpromisingsolutions.Amongstt

heseambientenergysources,piezoelectricvibrationbased

vigorharvestingprocedurehasobtainedaexcellentdealof

concentrationonthegroundsthatofitseaseofintegrationan

dreasonablepowerdensity.
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Technologicaladvancementsinlow-

powerCMOStechniqueshavepushedfastprogressofsens

orelectronicscorrespondingtoimplantableandwearables

ensormethods.Thepoweringofsuchsensortechniqueshas

remainedamostimportanttroubleconsideringthattheordi

narybatteriescanleakleadingtocriticalwellnessissuesins

ufferers.Inaddition,innaturalsensorprograms,thetobeha

dareaforbatteriesisverylimitedtherebyrestrictingthebatt

erycapability.Powerharvestinghasemergedasoneofthe

mostabilitiesoptionsforpoweringthesensorelectronicsa

ndhasbeenextensivelystudiedinrecentyears.Powermayl

ikewisebegatheredfromdifferentencompassingforcesou

rcespracticallyidenticaltoelectromagnetic,wind,mecha

nicalvibration,RF,andwarmpowerandsoforth.Therearet

hreegeneralpowersourcesthatusevibration,especiallyel

ectrostatic,electromagnetic,andpiezoelectricamongthes

esources,thepiezoelectricvibrationfoundedvigorharvest

ingmethodhasgotaexcellentdealofconcentrationduetoth

efactofitseaseofintegrationwithelectronicprogramsand

moderatevigordensity.Afewrectifiercircuitsheadquarte

redonpiezoelectrictransducershavebeenstated.Thecircu

itsintentiontocurbthevoltagedropthroughoutrectifierdio

deswhilstreferencesgoaltoslashthewastedcostsassociate

dwiththechargingoftheplatecapacitanceofthepiezoelect

rictransducertoadditionallyexpandthegeneraleffectivity

ofthetechniques.Thespecialistshaveutilizedtechniquesc

alledpredispositionflipandsynchronizedswitchreapingo

ninductor(SSHI)tohelptheextractionofvitality.Neverthe

less,thepredominantproblemsassociatedwiththescheme

sinvolvetherequirementofrelativelybiginductorstoenha

ncetheoverallefficiencywhilstnonethelessrequiringvery

difficultcontrolcircuits. 

Piezoelectric Energy Harvester: 
 

Figure1.showsatypicalbuildingblockofapiezoelectricen

ergyharvestingsystem.Apiezoelectrictransducerisadevi

cethattranformsvibrationalenergyintoelectricalenergy.

PiezoelectrictransducerproducesanACoutputvoltageco

rrespondingtothepressureappliedataparticularprefuenc

y.Accordingly,anAC-to-

DCconverterorarectifierisrequiredtoobtainavaluableD

Cformoutputvoltage.Byandlarge,thepowerproducedbyt

herectifieroutputissavedinabattery,agreatcapacitororisr

egulatedbywayofaDC-

DCconverter,LDOandmanyothers.Topowerupthemass

es.Therearetwoformsoftraditionalrectifiers:voltage-

doublersandfull-

bridgerectifier.Themostimportantdrawbacksofatraditio

nalstructuresarenormallylowextractionandconversione

fficiencies.Lowextractionefficiencyiscausedbyusingch

arginganddischargingoftheinnercapacitancesofapiezoel

ectrictransduceritself. 

Toovercomethisdrawback,anumberofexclusivescheme

shadbeenstudied,correspondingtosynchronizedchange

harvestingoninductor,switch-

onlyharvester,etc.Toimprovetheconversioneffectivityo

farectifier,adiodemayalsobereplacedbyusingaCMOSci

rcuit.Forillustration,aCMOScross-

coupledrectifierhasdecreasevoltagedropcomparedtoatr

aditionaloff-

chipdioderectifier.Toobtainaregulatedoutputvoltage,iti

sfascinatingtohavearegulatorequivalenttoDC-

DCconverter,LDOandmanyothers.However,theseregul

atorswithtobehadpowerbelowa100μWhaveissueswithe

nergyefficiencybecauseoftherelatedenergyconsumptio

nofthecircuits.

http://www.jetir.org/


© 2018 JETIR May 2018, Volume 5, Issue 5                                               www.jetir.org  (ISSN-2349-5162)  

 

JETIR1805273 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 473 

 

 

 
Figure1:Atypicalbuildingblockofapiezoelectricenerg

yharvester 

 

 
 
 

I.           PREVIOUS 

WORKA)  Transducer 

Modeling 

Apiezoelectricdevicemayalsobemodeledineach 
 

mechanicalandelectricaldomainswhichmightbecoupled

bymeansofamagneticcoil,asillustratedinfigure2a.Withi

nthemechanicaldomainmodelofapiezoelectrictransduce

r,RMrepresentsthemechanicaldamping,CMistherecipro

calmechanicalstiffness,andLMistheeffectivemass.Inthe

electricalarea,thevibrationalexcitationmayalsobemodel

edasacurrentsupplywithaparasiticcapacitance,CPandap

arasiticresistance,RP.WithintheproposedCMOSactiver

ectifierwithaswitch,ausualmodelofapiezoelectricdevice

hasbeenused.Theparametervaluesforthepiezoelectrictra

nsducerarechosensuchthatCPis25nF,RPis1 

MΩ,andIPis45uA. 
 

 
 

Figure2(a)Schematicofapiezoelectrictransducershowin

gmechnicaltoelectricaldomain 

 
 
 
Figure2(b)Simplifiedmodelofapiezoelectrictransducer 
 

B)   Full Wave Rectifier 
 

 
AsshowninFig.2,apiezoelectrictransducermaybemodel

edasasinusoidalcontemporarysupplyiP(t) 

=IPsin2πfPt,inparallelwithaparasiticcapacitorCP,andap

arasiticresistor,RP.Theamplitudeofapiezoelectrictransd

ucerpresent,IPvarieswiththemechanicalexcitationdiplo

maonthepiezoelectrictransducerandfPistheexcitationfre

quencyofapiezoelectrictransducer.Aordinarycomplete-

wavebridgerectifierconsistsof4diodes.Thedisadvantage

ofutilisingadiodeinarectifiercircuitisthatitfinalresultsin

aterrificvoltagedropbecauseofthefactthattheflip-

onvoltage,Vonofadiodeisextraoftenthannot0.Five~0.7

V.Fig.3depictsconventionalpassivediodeconfiguredfull

-waverectifier. 

 
 

Figure3:Conventionalpassivediodefullwaverecti

fier 

 

C)  CMOS Full Wave Rectifier
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Toreducethevoltagedropacrossadiodewhichimpactsthe

conversionefficiency,aCMOSbasedfullwavebridgerect

ifierisofferedonthispaper.ByusingutilizingaCMOSscie

nceasasubstitute.Inaddition,aswapmayalsobedeliveredi

napiezoelectrictransducercircuittolessenthewastecostw

hichfeesordischargestheparasiticcapacitanceofapiezoel

ectricdevice.Fig.4showsthecircuitdiagramofthepropose

dcircuit.Unlikeconventionalrectifiers,theproposedrectif

ieriscomposedofentirelydigitallycontrolledsystemtomi

nimizedcurrentconsumptionbyacontrolcircuitexceptthe

low-

energyanalogCMOScomparatorwhichconsumesastatic

currentof60nA.Powerisminimizedutilizingananalogcir

cuitwhenyouconsiderthattheessentialpowerconsumptio

nofthelotsofthecontrolcircuitsisattributedtothestaticcur

rentconsumedbywayoftheanalogcircuits. 

 
 

Figure4:Circuitschematicoftheproposedfull-

waverectifier 

Wheneverapiezoelectrictransduceriscrossingthezeroiss

ue,theonly-

shotcontrolcircuitisdesignedtoprovideaquickpulsewhic

hshortstheinputportsofapiezoelectrictransducer.Thissh

ortingmovementwillhelpenhancetheefficiencyofthepie

zoelectricenergyharvestingwiththeusefulresourceofred

ucingawasteprice.ThebacksidetwoNMOSgadgetsarem

anagedwiththeaidoftheusageofalow-

strengthcomparatoratthesametimeasthe 

pinnaclePMOSgadgetsarecontrolledthrough 
 

P_ControlandN_Controlbarindicators. 
 

 
II.         PROPOSED 

METHODA)  Boost Converter 

Aboostconverter(step-upconverter)isaDC-to-DC 
 

energyconverterwhichconvertsinputvoltagetosomehigh

erlevelvoltage(ontheidenticaltimeassteppingdowncont

emporary)thatisitstepsthesupplyinputstoitsloadoutput.I

tisatypeofswitchedmodepowersupply(SMPS)containin

gatleasttwosemiconductors(adiodeandatransistor)anda

sabaseonepowersourcedetail:acapacitor,inductor,orthet

wointotal.Thefundamentalworkingguidelineofboostco

nverteristoreducethevoltageripple,filtersproducedfrom

capacitors(onceinawhileinmixturewithinductors)aredel

iveredtothekindofconverter'soutput(load-

facetclearout)andinput(supply-facetclearout).DC-

DCconverterswithbetterperformancecanbeachievedthr

oughtransformerandcoupledinductorbasedtopologies,a

lthoughtherearemanydifficultiesinvolvedindesigningat

ransformerforhighvoltageswitchingapplications.Parasit

iccapacitancecanbealargesourceoflossinatransformer,a

ndagooddielectricmaterialmustbechosentominimizelos

sesintheparasiticcapacitance. 

Intermsoftechnicalpackages,itisrequiredtochangeaha

rdandfastvoltageDCtoconveythecorrectdirectlyintoava

riable-voltageDCoutput.ADC-

DCexchangingconverterchangesovervoltagespecificall

yfromDCtoDCandiseffectivelyknownasaDCConverter

.ADCconverterisidenticaltoanACtransformerandiswith

analwaysfactorturnsproportion.ADCconvertercouldbe

usedtostepdownorstepupaDCvoltagedeliver,likeatransf

ormer.DCconvertersaresignificantlyusedin
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tractionmotorwhichmanipulateinelectricalvehicles,troll

eyvehicles,marinehoists,forkliftscars,andminehaulers.

Theyoffersunnecessarystandardgeneralexecution,exact

speedingupcontrolandrapiddynamicresponse.Theywill

beequippedforperforminginregenerativebrakingofDCa

utostobackwardqualityyetagainintothegive.Thischoice

ultimateresultsinenergyeconomicsavingsfortransforma

tiontechniqueswithregularsteps.DCconvertersarecarrie

doutinDCvoltageregulators;andarefurtherused,withani

nductorinconjunction,togenerateaDCsupply,especially

fortheprevailingsupplyinverter. 

Overallperformance,length,andratearethemostextremef

undamentaladvantagesofvoltageconvertersevenwhenc

ontrastedwithlinearconverters.Theswitchingpowercon

verterefficienciescankeeprunningamong70-

80%,onthesimilartimeaslinearconvertersarewiththehel

pfulresourceandhuge30%green.TheDC-

DCSwitchingupConverterisintendedtogiveanin-

experiencedapproachoftakingagivenDCvoltageconvert

ersandboostingittoausefulvoltage.Inaboostconverter,th

eoutputvoltageishigherthantheinputvoltage–

thereforetheresultwillbe“boosted”.ABoostconverterutil

izingapowerMOSFETisestablishedbelow. 

 
 

Figure5:CircuitDiagramOfBoostConverter 
 

 
B)   Diode  Full  Wave  Rectifier  With  Boost 

 

Converter 

Thediodefullwaverectifierwithboostconverterlayoutisd

efinedinfig6.Inthiscircuitdiagramoutputvoltagemaybee

xtended.Electricitydissipationofthecircuitfurthermoree

xtendedinevaluationtoCMOSfullwaverectifierwithenh

ancementinvoltageaslikeboostconverter. 

 

 

 
 

Figure6:CircuitdiagramofDioderectifierwith 
 

BoostConverter. 
 

C)  CMOS  Full  Wave  Rectifier  With  Boost 
 

Converter 
 

ACMOSFullwaverectifierwithenhancedboostconverter

isshowninfig7.Thiscircuitoperationislikeadioderectifier

.Inthiscircuit,shortingmovementwillhelpsinbeautifying

orboostingtheoverallperformanceofthepiezoelectricsup

plyharvestingthroughreducedwastecharge.Andtheboost

converterwillincreasethevoltageoutputattheload. 

 

 

 
 

Figure7:circuitdiagramoftheCMOSrectifierwithboost

converter
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III.       RESULTS 
 

Diode full wave rectifier with boosting: 
 

 
 

Diode full wave rectifier input: 
 

 
 

 
CMOS Full wave Rectifier with boosting: 

 

 
 

CMOS full wave rectifier input: 
 

 
 

ComparisonresultsofdioderectifierandCMOS 
 

rectifier. 

Voltage  comparison : 
 

 
 

DiodeVoltage 
 

CMOSVoltage 
 

Current comparison : 
 

 
 

Diodecurrent 
 

CMOScurrent 
 

Power consumption comparison: 
 

 
 

Diodepower 
 

CMOSpower 
 

Diode&CMOS rectifier Comparison 

Table:parameterDiodeCMOSVoltage(V)3.04.0 

Power(uW)195340 
 

Current(uA)6388 
 

Amplitude(v)22 
 

Frequency(Hz)200200
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IV.        CONCLUSION 
 

Thispapertheimplementationsandsimulationaredonean

dwillalsobeaccomplishedinP-

spicecapturetool.Inthispaper,Theproposedprocessistos

caledownthepowerdissipationandexaminewiththeprevi

ousdiodefullwaverectifierwithboostconverter.Theampl

itudeoftheoutputvoltageis36 

V.ThesimulatedconversionratioofVOUTversusVINis8

0.2%whereascalculatedworthisfiftyeight%.POUTofthe

proposedfull-

waverectifierwithraiseconverteris5.1μW,andtheaffecti

vityofthemethodis45%.Thesimulatedandthemeasuredv

alueswerenotintentlymatchedseeingthatoftheobstacleof

thedimensiontools.Theinputoftheproposedprocessused

tobefurnishedwiththeaidofaperformgeneratorasanalter

nativeofanactuatortoshakeapiezoelectrictransducer.The

proposedfullwaverectifierwithboostconvertercanretails

awastechargeofnaturallyaspiredpiezoelectricdevice. 
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