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ABSTRACT -This study investigates single stage
powerfactorcorrected AC/DC converters forLED
lighting.Specifically,theresearchexaminesasingle
stageFlybackconverterwithadifferentconfiguration
from thetraditionalsinglestageFlybackconverter.
The study includes analysis, circuit design,
performancecomparisons,andimplementation.The
researchalsocoversthedevelopment,characteristics,
andstate-of-the-arttechnologyofLEDs.
In addition to design calculations,the circuits are
investigated using computersimulations,and the
operating theories and modes are researched.To
validatethesimulationfindingsandtheoreticalstudies,
prototypesarebuiltandtestedinthelab.Thepaper
offersathoroughexaminationofsinglestagepower
factoradjustedAC/DCconvertersforLEDlightingand
prospectiveuses.

1.INTRODUCTION

Withtheincreasingdemandforenergy-efficientand
eco-friendlylighting solutions,LightEmitting Diode
(LED)technologyhasgainedpopularityinrecentyears.
However,theefficientoperationofLEDsrequiresa
reliablepowersupplythatcanconvertthealternating
current(AC)from themainstoadirectcurrent(DC)
withhighpowerfactorandlow harmonicdistortion.
Single-stageflybackPFC(PowerFactorCorrection)AC
toDCconvertershavebecomeapotentialalternative
solution forLED lighting applications due to their
simplicity,lowcost,andhighefficiency[1].

Apowersupplyunit(PSU)isrequiredtoconvertAC
inputvoltage to DC outputvoltage forindooror
outdoor LED lighting applications, and many
topologieshavebeentakenintoconsideration.Dueto
power constraints, high power LED lighting
applicationsfrequentlyemploytwo-stageconverters,
asopposedtolow powerLEDlighting,whichmainly
usessingle-stageconvertertypes.

Inthisstudy,asingle-stagePSUforhighpowerLED
lightingisdemonstratedusingtheflybackconverter
topology.Sincethemaintransformermayseparate
the input and output stages and acts as an

independentinductivefilter,aninductiveoutputfilteris
notnecessaryfortheflybackconverterdesign.The
proposedcircuitusesaPFCcontroller,withjustoutput,
and a critical conduction mode (CRM) voltage
feedbackisrequiredbecausetheinputvoltageand
switchingcurrentarenotrequired[2,3].

Throughanexperimentusingaprototype5W single-
stage flyback converter,this paperevaluates and
discusses the viabilityofthe recommended single
stagePSU,controlsystem,andfeedbackmechanisms.
Overall,this research offers a viable strategy for
overcomingthedifficultiesassociatedwithhigh-power
LEDlightingapplications.

2.SINGLESTAGEFLYBACKCONVERTERFORLED

ThecircuitschematicfortheflybackAC-DCconverter
is shown in Figure 1. To avoid overload and
overvoltage issues, feedback circuits with both
constantvoltage(CV)andconstantcurrent(CC)are
required.InLED lighting applications,theoutputis
constantly operating atfullload,and the forward
voltage drop ofthe LED increases along with the
junctiontemperatureoftheLED.Inordertosustain
optimalperformanceObjective,itiscrucialtohave
controlovertheoutput[3].

In LED lighting applications,theoutputisnormally
controlledviatheconstantcurrent(CC)mode.Onthe
otherhand,theconstantvoltage(CV)modesolelyacts
asovervoltageprotection.



Fig.1.Circuitdiagram ofaflybackAC-DCconverter

Inthiswork,avoltagemodecriticalconductionmode
(CRM)powerfactorcorrection(PFC)controller,more
preciselytheFAN7530,isusedtooperatethesingle-
stageflybackAC-DCconverter.Figure2displaysthe
FAN7530'sinternalblockdiagram[4].

Since the switching signalin the controlcircuitis
createdbycomparingtheoutputoftheerroramplifier
withtheinternalrampsignal,theinputvoltageand
currentare notrequired.In the steady state,the
switch'sturn-onandturn-offtimesareconstantand
variablerespectively.Becauseofthisfluctuation in
turn-offtime,theswitchingfrequencyalsofluctuates
inresponsetochangesininputvoltage.

Theoretical waveforms for the gating signal,
secondarysidediodecurrent,andprimarysideswitch
currentaredisplayed.Therapidrecoverydiode(FRD)
(Do)shutsoffandtheMOSFET(Q)switchesonwhen
thereisnocurrentflowing.Ontheotherhand,when
switchingisforced,QturnsoffandDocomeson[4,5].

A flybackconverter's transformeris susceptible to
saturationsinceitisonlyusedinthefirstquadrant.
Additionally,thepeakcurrentwhenoperatingincritical
conductionmodeissubstantiallyhigherthanwhen
runningincontinuousconductionmode.Inorderto
preventsaturation,anairgapneedstobeaddedtothe
transformer.

Fig.2.Blockdiagram ofFAN7530

2.1 SNUBBERCIRCUITDESIGN

Inorderto preventMOSFET failuresattheflyback
converter'sturn-offinstant,theextremelyhighvoltage
spikecausedbytheresonancemustbesuppressed.A
snubbercircuitisrequiredbecausetheMOSFETmight
beharmedbythisvoltagespike.Asnubbercircuitis
used in Figure3 to restrictthevoltageand guard
againstMOSFETfailures[6].

Fig.3.Snubbercircuit
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The maximum ripple voltage ofsnubbercircuitis
obtainedasfollow;

Δvc=
vc

CsnRsnfs@vinmax

The smallervoltage ripple is produced by bigger
snubber capacitors,but more power dissipation
follows.Therefore,pickingtherightvalueiscrucial.
Estimatingthatthesnubbervoltageistypically1.5
timestheflybackvoltagemakeslogical[2,7].

3.OPERATIONPRINCIPLES

A single-stage charge-pump Flyback PFC converter
withconstantcurrentcontrolisshowninthisexample.
ThisconvertercombinesaflybackDC/DCcellanda
charge-pump PFC cell.The resonantinductorLr,
chargecapacitorsCrandCb,freewheelingdiodeDi,
andclampingdiodeDrmakeupthecharge-pumpPFC
cell.The charge capacitors Crand Cb absorb the
energy from its AC line when powerswitch Q is
engagedbyresonatingwiththeresonantinductorLr.
Thechargecapacitors'storedenergyistransferredto
theloadortheDCbuscapacitorCbuswhenthepower
switchQisdeactivated.TheresonantcapacitorCbis
chargedbytheleakageandmagnetizingcurrentsto
lowertheswitchQ'svoltagerate.Atnovoltage,the
switchcanbeturnedoff.Itispossibletodetermine
therectified averageinputcurrent|Iin|avusing the
followingequation[1,8].

av= =fsCrΔVcr=fsCr|Vin| (1)|Iin|
ΔQ

Ts

where"Q"and"Vcr"referto,respectively,thecharge
andvoltagevariationsofCr.Equation(1)showsthe



inverse relationship between the average rectified
inputcurrentandvoltage.Alargepowerfactoristhus
feasible.Thebalancingrelationshipbetweentheinput
powerand the outputpowerdetermines the input
resonantinductorLr.

Equations (2)and (3)may then be used to find
capacitorCr.

Cr=
2Po

nfsVin2
(2)

Lr=
nVin2

32fsPo
(3)

wherenandPorepresentthesingle-stageconverter's
conversion efficiency and output power,
respectively[4,7,9].

4.EXPERIMENTALVERIFICATION

Toverifyitsviability,alabprototypeofthesuggested
approachwasevaluatedusingthefollowingcriteria.

● 80V to130V (nominalvoltage110V)isthe
inputvoltage.

● 20kHz,theswitchingfrequency

● LampCurrent:430/860milliamps

● 6to22voltsforlamps

Inthiswork,theresearchersusedhigh-powerLEDs
from LUMILEDSwithanemittertypeanda1W rating
and a forward voltage of 3.42V. The 430mA
continuouslampcurrentofthelaboratoryprototype
maybeboostedto860mA byconnectingtwoLED
bulbsinparallel.Theprototypewasputthrougha
varietyoftests,and the results revealed thatthe
source currenthad a waveform thatwas almost
sinusoidalandinphasewiththesourcevoltage.

Whencomparedtoatraditionalsingle-stageFlyback
PFCconverter,thelampcurrentripplewasnoticeably
lower.Theoutcomesdemonstratedthatahighpower
factorcouldbeattainedundervariousfluctuationsin
lamppowerandthatoutputconstantcurrentcontrol
of430mA/860mAwaspossible.

TheexaminedLEDlamppowersupply'ssingle-stage
structureproducedgreatconversionefficiencywithout
the need foran extra linearregulator.shows the
laboratoryprototype'smeasuredwaveforms.Iinhasa
waveform thatisalmostsinusoidalandisinphase
withVin,thesourcevoltage[10].

4.1 EXPERIMENTALRESULTS

Fig.4.photographof5W prototypeexperimental
set-up

Fig.5Workingofprototype

need for an extra linear regulator.shows the
laboratoryprototype'smeasuredwaveforms.Iinhas

awaveform that



MATLABCIRCUIT:

SIMULATIONRESULT:





4.2 SIGNIFICANCEOFSINGLE-STAGEFLYBACK
PFCACTODCCONVERTERFORPOWERLED

LIGHTINGAPPLICATIONS

The proposed converterhas severaladvantages
overtraditionalAC to DC converters.Thesingle-
stagetopologyreducesthecomplexityofthecircuit
andlowersthecostofthecomponents.ThePFC
circuitimprovesthepowerfactor,whichresultsina
lowerenergyconsumptionandreducestheamount
ofpowerwastedintheform ofheat.Additionally,the
flybacktopologyprovidesisolation,whichenhances
safetyandreducestheriskofelectricshock.
The proposed converter is also well-suited for
dimmingcontrol,whichisanessentialfeatureinLED
lighting applications.Theconvertercan beeasily
integrated with a dimming controllerto enable
smoothdimmingoftheLEDlightswithoutaffecting
thepowerquality.
The proposed converteris expected to have a
significantimpactontheLEDlightingindustry.The

highefficiencyandlow THDmaketheconvertera
sustainableandcost-effectivesolutionforpowering
LED lights.Theconverter'sabilityto improvethe
powerfactoralsomakesitavaluablecontributionto
reducingthecarbonfootprintandpromotingenergy
conservation[3,7,10].

5.CONCLUSION

In conclusion,the suggested single-stage flyback
PFCACtoDCconverterisanappropriatechoicefor
applications requiring power LED lighting. The
converterhasahighpowerfactor,minimalTHD,and
greatefficiency.Thedesignissimple,low-cost,and
can be easily implemented.The simulation and
experimentalresultsvalidatetheproposeddesign
and demonstrate its suitability for practical
applications.

Furthermore, the proposed converter can be
improved by implementing advanced control
algorithms,such as predictive control,to further
improve the efficiencyand reduce the THD.The
proposedconvertercanalsobeextendedforusein
other applications,such as motor drives and
renewableenergysystems.

Overall,theproposedsingle-stageflybackPFCACto
DCconverterisapromisingsolutionforimproving
theefficiencyandreducingenergyconsumptionin
LEDlightingapplications.Futureresearchcanfocus
on furtherimproving the converter'sperformance
andexploringitspotentialforotherapplications.
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