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                                  ABSTRACT 

The conversion of A.C into D.C determines the distortion of the mains current A.C., which 

degrades the input power factor. The main reason for a poor power factor is the non-linear 

nature of the circuit. The power factor is improved by using a basic boost converter and a 

control technique based on the fixed off time (FOT)  approach .The traditional approach to 

the correction of the power factor in the boost converter is the continuous conduction mode 

with fixed frequency (FF-CCM) and the transition mode (TM) PWM (fixed connection time, 

variable frequency). In the first mode, the inductor operates in continuous conduction mode 

(CCM) and uses the average current-mode control mode, a complex technique involves a 

considerable quantity of components. The second method uses the more complex control 

technique of the peak current mode that makes the inductor work between continuous and 

discontinuous mode, which uses fewer components, unstable greater than 50% duty cycle and 

is more cost efficient .A third approach, the fixed off time (FOT) is gaining popularity which 

is conditionally stable for a duty cycle of over 50% and does not need compensation. 

The dissertation involves the work carried out to use the power factor correction (PFC) based 

with the DC-DC Flyback converter. To verify the design and operation of the circuit, the 

simulation is performed in PSIM. Finally, to illustrate the implementation of the proposed 

technique, a 24 volt battery charging circuit is selected. The CCCV charging mode is also 

explained using the look up table concept. 

 

Keywords: -Fixed-Frequency continuous conduction mode (FF-CCM), Transition mode 

(TM), Fixed OFF Time (FOT), Power factor correction (PFC) 
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ORGANIZATION OF THESIS 

The thesis is divided into six chapters as follow, 

 CHAPTER-1, discusses various power factor techniques. The appropriate 

harmonic standards are mentioned. 
 CHAPTER-2, presents the literature survey related to Fixed Off Time technique. 
 CHAPTER-3, explains the working of various control techniques including peak 

current control and average current control. 
 CHAPTER-4, deals with design of PFC circuit, Flyback converter and RCD 

clamping circuit. 
 CHAPTER-5, validation of design and circuit is presented in this chapter. 

 CHAPTER-6, conclusion and future scope of the work is presented here. 
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CHAPTER -1 

INTRODUCTION 

 

CHAPTER OVERVIEW 

The chapter starts with the introduction of power factor correction techniques .The concept 

of power factor for linear and non linear loads is explained .Further harmonic standards for 

power factor correction are given.  

 

1.1 POWER FACTOR CORRECTION 

Power ifactor icorrection i(PFC) icircuit iis iused ito ishape ithe iinput icurrent ibased ion ithe irectified 

ihalf isinusoid ivoltage isensed iat ithe ioutput iof ibridge irectifier. iThe iPFC icircuit ihelps iin 

imaximizing ithe iamount iof ireal ipower idrawn ifrom iac imains iand ito iminimize ithe iharmonic 

istress icaused iby icurrent iharmonics ion iAC isystem i.The ielectrical iequipment iconnected ito ithe 

iac imains icircuit ishould iexhibit ipure iresistor ibehaviour i,but idue ithe inon ilinear inature iof 

iequipment iconnected iwith ithe iAC imains ithe icurrent idrawn ifrom ithe iAC imains iis inot iexact 

ireplica iof iAC ivoltage ias isome iamount ideviation iin iterms iof iphase idifference iis ipresent 

ibetween iinput ivoltage iand icurrent. iThus, iPFC iis ineeded ito iachieve ithe inear iunity ipower ifactor 

iwhich iin iturn iwill ihelp iin imitigation iof iinput icurrent iharmonics. iThere iare ivarious idrawbacks 

iassociated iwith ipoor ipower ifactor isuch ias 

 High iinput icurrent iharmonics 

 Low irectifier iefficiency idue ito ithe ilarge ivalue iof irms icurrent i 

 Distortion iin ithe iinput iAC ivoltage ibecause iof ithe ipeak icurrents 

Without iPFC, iinput ipower ifactor iat ithe iinput iside iis ifound ias i0.6 iand irequires ilarge iinductor 

ifor ihigh iinput ipower ifactor i[1] 

One iof ithe iother ireason iof iadopting ithe iPFC icircuit iis ito ifollow ithe iinternational istandards ilike 

iIEC i61000-3-2. 

1.1.1 iPOWER iFACTOR i 

Power ifactor iis idefined ias ithe iratio iof iReal ipower i(P) ito iapparent ipower(S) ii.e. 

 

      
                 

                 
  (1.1)  
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Where i            ior itrue ipower iis ithe iactual imeasurement iof iamount iof ipower iused iand iis 

irepresented iin iwatts iwhile ias i                iis icombination iof i            iand 

i                 (measured iin iVolt-Amps-Reactive) iand iis irepresented iin iVolt-Amps 

i(VA). iPower ifactor igives ithe idegree iof iutilisation iof ireal ipower ifrom ithe iavailable ipower. i i i i i i i i i 

i i i 

The iabove idefinition iof ipower ifactor iis ilegitimate ionly iif ivoltage iand icurrent iare ihaving 

isimilar ishape ii.e. isinusoidal iwhich iis ipossible ionly ifor ilinear iloads i(load iwhich itakes icurrent 

iproportionally ito ithe ivoltage iapplied). 

The iinput icircuit iof iSwitch imode ipower isupply ipresents inon ilinear iload ito iac imains. iThe iinput 

iac iis igiven ito ithe ibridge irectifier, ia icapacitor iis iconnected iacross ithe icapacitor iwhich 

imaintains ithe ivoltage iproportional ito ipeak iof iac iinput ivoltage ias ishown iin iFig. i1.1. 

 

 

 

Fig. 1.1: Diode Bridge Rectifier 

 

During ieach ipeak iof iac iinput ithe icapacitor igets icharged. iThus, icurrent iis idrawn ionly iwhen ithe 

ipeak iof iinput iwaveform iand ithe ipulse iof icurrent iis ilarge ienough ito isustain ithe iload iat ithe 

ioutput itill ithe inext ipeak iof iwaveform. iIt iachieves ithat iby idumping ia ilarge iamount iof icharge iin 

ishort iinterval iof itime. iThe iduration iof ithe icurrent ipulse iis ionly i10% ito i20% ibut ithe iamplitude 

iof icurrent ipulse iis i5 ito i10 itimes ithe iaverage icurrent. iThe iphenomenon iis iillustrated iin iFig. i1.2. 
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Fig. 1.2: Input current and voltage waveform of AC-DC converter without PFC 

The Fig.1.2 illustrates in phase current and voltage irrespective of severe distortion present in 

input side current. Fig. 1.3 shows the stimulated schematic and result. The input power factor 

of circuit is 0.4. 

 

 

 

 

                                                (a)                                                 

 

 

 

 

 

 

 

 

 

 

 

(b) 

Fig,1.3:Simulation of bridge rectifier without PFC (a) Schematic (b) Input line voltage and Input line current  

with Vin=220V, R=500Ω  and Cf=470µF 
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If the above definition of power factor is applied it would result in unity power factor so the 

above definition cannot be used everywhere. The definition of power factor is modified 

incase of non linear loads is termed as 

 

 

 

 

     =    
     

    

     

    
      

=
     

    
       

=         

 

(1.2)  

   

Where        Fundamental component of voltage 

     : Fundamental component of current 

                   Displacement factor 

  Phase angle between voltage and current 

   
      

    
=

     

√                               
 is the purity or distortion factor defined as the 

harmonic content of the current with respect to fundamental component of current. 

Total harmonic distortion THD is defined as  

 

  

THD (%) =
√                               

      
 

 

 

Hence    

            =√
 

          
  

 

  (1.3) 

 

 

 

 

(1.4) 

          

Thus, power factor and harmonic reduction are inter-related. The low harmonic content 

results in high power factor. For e.g. in AC-DC converter the displacement factor is usually 

unity. Thus power factor correction is usually the reduction of harmonic content [2]. 

 

1.2 HARMONIC STANDARDS  



5 

 

 

The iharmonics ipresent iin ithe iac iline icurrent ihas ito ibe iremoved ito imeet ithe 

iinternational istandards. iThe iwork iof istandardization istarts iin iearly i1982.The istandard 

iIEC i555-2 iwas ipublished iby iInternational iElectro itechnical icommittee i(IEC) iwhich 

iwas ilater iadopted iby i1987 ias ithe iEuropean istandard iEN i60555-2 iby iEuropean 

iCommittee ifor iElectro itechnical iStandardization i(CENELEC).IEC i555-2 istandard iwas 

ilater ireplaced iin i1995 iby ithe iIEC i1000-3-2 istandard iand isubsequently iadopted iby 

iCENELEC ias ithe iEuropean istandard iEN i61000-3-2. iThe istandard iis iapplied ito 

iequipment iwith i16A iRMS iper iphase iand iwhich iis iconnected ito ithe i50Hz, isingle-

phase ior i400V ithree-phase imains inetwork i[2-3]. 

 Equipments ican ibe igrouped iinto ione iof i4 iclasses ibased ion ithe ifollowing: 

- Number iof iequipment iconnected 

- Period iof iusage 

- Simultaneous iusage 

- Power iconsumption 

- Harmonics ispectrum 

Based ion iabove ifactors iequipments iare iclassified ias ilisted iin iTable i1.1 

Table i1.1: iClassification iof iequipments 

Class iA  Balanced i3-phase iequipment 

 Household iappliances, iexcluding iequipment iidentified iby 

iClass iD 

 Dimmers ifor iincandescent ilamps i 

 Tools iwithout iportable itools 

Class iB  Handy itools 

 Arc iwelding iequipment iwhich iis inot iprofessional iequipment 

Class iC  Lighting iequipment iover i25 iW iincluding idimming idevices 

Class iD  Equipment ihaving ian iactive ipower iof iless ithan ior iequal ito 

i600W iand iis ieither ia iPC ior PC imonitor, ior ia itelevision 

 

Harmonic ilimit ifor idifferent iclasses iare igiven iin iTable i1.2 ito iTable i1.4 i[4]. 
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Table i1.2: iLimits ifor iCass iA i& iClass iB iequipment 

Harmonic iorder 

(n) 

Class iA iMax 

ipermissible 

harmonic icurrent 

Class iB imax 

permissible 

harmonic icurrent 

Odd iharmonics 

 i i i i i i i i i i i i i i i i i i    i i3 2.3  i3.45 

5 1.14 1.71 

7 0.77 1.155 

9 0.40 0.60 

11 0.33 0.495 

13 0.21 0.315 

15 i≤ in i≤ i39 2.25/n 3.375/n 

Even iHarmonics  

2 1.08 1.62 

4 0.43 0.645 

6 0.30 0.45 

8 i<= in i<= i40 1.84/n 2.76/n 

 

Table i1.3: iHarmonic ilimits ifor iClass iC iequipment 

Harmonic iorder 

(n) 

Maximum ivalue iexpressed ias ia ipercentage iof ithe ifundamental 

iinput icurrent iof iluminaries 

3 i 30*λ 

5 i 10 

7 i 7 

9 i 5 

11< in i<39 i3 3 

*Where λ is power factor circuit 

Table i1.4: iHarmonic ilimits ifor iClass iD iequipment 

Harmonic iorder 

(n) 

Maximum ipermissible 

harmonic icurrent iper iwatt 

mA/W 

Maximum ipermissible 

harmonic icurrent 

(A) 

3 3.4 2.30 

5 1.9 1.14 

7 1 0.77 

9 0.5 0.40 

11 0.35/n 0.33 
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1.3 POWER FACTOR CORRECTION (PFC) STRATEGIES  

The reason for low power factor and high circulating currents generated by switch mode 

power supply is the discontinuous valued input filter charging current. The problem can be 

solved by increasing the conduction angle of rectifier circuit. There are two types of power 

factor correction, Passive and active power factor correction .. 

 

1.1.1 PASSIVE iPOWER iFACTOR iCORRECTION i 

In ipassive ipower ifactor icorrection, icapacitor iand iinductors iare iused. iThese iare ipositioned iat 

idifferent ilocation ito iimprove ithe ipower ifactor. iSimplest ione iis iusage iof iinductor iat ithe iinput 

iside iof ibridge irectifier ias ishown iin iFig. i1.3 i.The iinput ipower ifactor iis i0.73 ias isimulated iin 

iPSIM i9.0. 

ADVANTAGES 

 Simplicity 

 Reliability i 

 Efficient 

DISADVANTAGES i 

 Bulky isize iof ifilters 

 Insufficient idynamic iresponse 

 Shape iof iInput iCurrent idepends ion ithe itype iof iload 

 Lack iof ivoltage iregulation ilimits ithe iuse iof ipassive ipower ifactor icorrection ibelow 

i200W 

 

 

SIMULATION RESULTS:- 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 
Fig. 1.4: Simulation of bridge rectifier with input inductor filter (a) Schematic (b) Input line voltage and Input 

line current with Vin=220V; L1=130mh,resistive load R=500Ω and Cf=470µF 

 

1.3.2 iACTIVE iPOWER iFACTOR iCORRECTION 

Active ipower ifactor icorrection iincludes ithe ishaping iof iinput icurrent iusing iMOSFET iand 

iIGBT. iHere ithe iPFC istage iis irealised iby iusing ia ibridge irectifier iand iDC-DC iconverter. iTo 

ishape ithe iinput icurrent iany iDC-DC iconverter ican ibe iused i[5]. 

ADVANTAGES 

 Low iharmonic icontent iin ithe iinput icurrent 

 Attains ipower ifactor igreater ithen i0.95 

 Small iin isize 

 More iflexible 

 Greater icontrol 

 For ihigher ipower ilevel ithe iactive iPFC iresults ismaller iin isize, iease iof icontrol iand icost 

ibenefits 

1.3.2.1 BUCK iCONVERTER iBASED iACTIVE iPFC 

The ibuck iconverter iis ishown iin iFig i1.4. iThe iconverter ioperates ionly iwhen iinstantaneous iinput 

ivoltage iis imore ithan ithe ioutput ivoltage iand ioperates iin idiscontinuous iconduction imode i[6]. 
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Fig 1.5: Basic Buck Converter 

 

BUCK CONVERTER 

ADVANTAGES 

 There is robustness and reliability due to lower downstream voltage 

 Due to low voltage at the output of PFC converter there is low CM noise  

 Owing to the low voltage at downstream stage allows usage of lower voltage 

MOSFETs 

 In buck PFC there is no need to limit the starting inrush current as it has inherent 

inrush limitation at start-up 

 Good THD and PF due to ease of control flexibility 

 In buck PFC has inherent inrush limitation at start-up 

 The low output voltage of the PFC provides added advantages of usage of low cost, 

low voltage switches 

LIMITATIONS 

 The THD and PF performance are limited due to the ac line cross over current 

distortion 

 The usage of high side drive for the buck PFC switch 

 The surge management is complicated due to no direct path from AC input to output 

bulk storage capacitor 

 Less efficient bulk capacitor for energy storage due to low output voltage 

 Less holdup time  



10 

 

 

 The percentage bus ripple voltage in the buck type is more than boost PFC 

 

 

1.3.1.1 BOOST CONVERTER BASED ACTIVE PFC 

Boost converter is shown in Fig. 1.5.It is the most common topology used for power factor 

correction circuits. Here the output voltage is more than the input voltage. It operates in the 

continuous conduction mode (CCM) and Discontinuous conduction mode (DCM). 

 

 

 

 

 

 

 

Fig 1.6: Basic Boost converter topology 

The boost converter has inbuilt PFC property. The control technique used is simple PI 

controller. The controller output is compared with a high frequency triangular signal to 

generate PWM pulse as shown in Fig. 1.6 and 1.7. 

 

 

 

 

 

 

 

 

Fig 1.7:  Boost PFC circuit- Schematic 
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SIMULATION RESULTS:- 

 

Fig. 1.8: Simulated output of PFC boost converter (a) Input voltage (b) Input current (c) Inductor current 

ADVANTAGES 

 Low THD and best possible Power factor 

 Due to high output voltage the size of storage capacitor is efficient 

 Comparatively more holdup time 

 The boost switch is easy to drive and current sensing is simple 

 Due to direct path between input to output capacitor provides excellent surge 

management 

 For boost PFC there are large number of control IC and design data 

LIMITATIONS 

 Output voltage should always be greater than the peak input instantaneous voltage 

 Require isolation stage to step down the voltage 

 Due to high bus voltage the common mode noise(a noise created by stray 

capacitance)is more 

(
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 No inrush current limitation at the startup 

 The efficiency of the converter is low owing large conduction losses at low  

 

 

CHAPTER-2 

LITERATURE SURVEY 

 

2.1 POWER FACTOR CORRECTION 

[1] The power factor correction converter is required to meet international standards such as 

IEC 61000-3-2 and IEEE-519. The PFC circuit maximizes the actual power absorbed by the 

AC power grid. 

[2] The duration of the current pulse taken from the AC grid is only 10% - 20%, but the 

amplitude of the current is 5 to 10 times the average current. 

2.2 HARMONIC STANDARD 

In paper [3-4],the harmonic present in the AC line current must be removed to meet 

international standards,such as IEC 6100-3-2.The standard applies to equipment with 16A 

RMS per phase connected to the 50 Hz three-phase network,single-phase or 400V.The 

equipment is classified into four groups,Class A,Class B,Class C and Class D. 

2.3 POWER FACTOR CORRECTION STRATEGIES 

In paper [5], peak current and average current control are used to model the current of the 

input power grid. The peak current is unstable for the duty cycle above 50%. In the peak 

current control, the inductor operates in continuous conduction mode (CCM). The control of 

the average current mode is unconditionally stable for duty cycles exceeding 50% 

Paper [6] presents the advantages and limitations of the boost and buck converter. 

2.5 FIXED OFF TIME 

The paper [7] proposes a small signal model for controlling the current mode of PWM 

converters (pulse width modulation) with constant on time, constant off-time control of and 

discontinuous conduction mode. Peak current mode control when used with the Fixed On 

Time or Fixed Off time becomes unconditionally stable. 

Paper [8] used the Fix Off Time concept to couple the simplicity and affordability of the 

Transition (TM) mode with ihigh current capacity of the Fixed-Frequency continuous Mode 
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resulting in peak current mode control with fixed OFF time (FOT control).. Switch-off time 

(FOT control). In the proposed technique, the switch-on time is modulated maintaining the 

switch-off time constant, which results in a large change in switching frequency 

In the paper [9], the FOT technique is further modified. The change associated with the 

switching frequency is eliminated by modulating the switch-off time proportional to the 

voltage of the input line, which results in a constant switching frequency, unless the converter 

works in CCM mode. 

The paper [10] proposes an adaptive on- time control system for DC-DC converters. The 

proposed technique can achieve rapid transient response without any change in switching 

frequency. The author has made the switching frequency fs (   
 

    

), regardless of the 

input voltage Vin and the output voltage Vout can be easily evaluated by the passive 

components Ra and Ca. 

In paper [11], the author used bridgeless PFC based on the Fixed Off Time with zero voltage 

switching, which leads to the reduction of conduction loss. A yield increase of 2.7% is 

reported. 

The paper [12] presents a monolithic fixed frequency DC-DC boost converter with a 

modified adaptive off time control (MAOF). A constant switch-off time       iis generated by 

the boost converter to obtain the fixed switching frequency available in CCM and DCM 

operations. 

The paper[14] provides quantitative analysis and provides proposed predicting correction 

technique (PCT) to modulate an adaptive on time for constant     under possible different 

conditions, including     ,     , and wide-range      ,.Complete parasitic resistances of each 

component are taken into consideration without any assumption or simplification.  

In paper [13], the author proposes a compensation circuit for the adaptive on-time control 

buck regulator to weaken the impact caused by the variation of the load current. The change 

in switching frequency with the proposed compensation technique is reduced to only 3.75% 

of fs. 

The paper[14] provides a quantitative analysis and provides a proposed predictive correction 

technique (PCT) to modulate an adaptation time for the constant     in different possible 

conditions, including     ,     , and wide-range      ,.. The complete parasitic resistances of 

each component are taken into consideration without any assumption or simplification. 
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[15] presents a quasi-fixed time controlled frequency converter (COT) reinforcement 

converter. The author presents a new approach to designing a hysteretic pulse converter. The 

switch-on time of the boost switch is predetermined by a switch-on time generator 

corresponding to the fixed frequency operation requirement and the switch switch on time is 

modulated in the traditional hysterical mode. 

[16] proposes a new adaptive pulse width modulator (PWM) for AC / DC or DC / DC 

regulators, based on ―Fixed-Off Time (FOT)‖ or ―Constant-On-Time (COT)‖ control, which 

allows operating with an almost fixed switching frequency in all operating conditions. 

 

2.2 REASERCH GAP 

The concept of FOT (FIXED OFF TIME) is new and lot of work can be done on it.  The 

application of FOT as proposed in [9] in the field of bridgeless PFC, Interleaved PFC and 

more over in the use of FOT  has not yet been fully explored with the FlyBack converter. The 

use of zero-voltage switching is still unexplored to reduce losses and increase efficiency. 
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CHAPTER-3 

PFC iCONTROL iSTRATEGIES 
 

CHAPTER iOVERVIEW 

The ichapter ideals iwith iPFC icontrol istrategies, iwhich iinclude ipeak icurrent icontrol iand 

iaverage icurrent icontrol iin ithe iboost iconverter. iBenefits iand ilimits iare iexposed. iSimulation 

iresults iare ialso iprovided. iThe iconcept iof iFixed iOff iTime iis iexplained iand iits iadvantages iand 

idisadvantages iare igiven 

 

3.1 iPFC iCONTROL iSTRATEGIES 

The ipower ifactor icorrection iis iused ito ishape ithe iinput icurrent. iThere iare idifferent icontrol 

istrategies ito iget ithe ipower ifactor icorrection. iThe itechniques idescribed ibelow ifor ithe iboost 

iconverter iand ican ialso ibe iused ifor iother iconverters. 

3.1.1 iPEAK iCURRENT iCONTROL iWITH iCCM iMODE 

The ipeak icurrent icontrol istrategy ifor ithe iboost iconverter iis ishown iin iFig. i3.1; irepresents ithe 

iwaveform iof ithe iinput icurrent ithat iis ishaped ito iobtain ithe ipower ifactor icorrection. iIn ithe ipeak 

icurrent icontrol istrategy, ithe iswitch iis iturned ion iand ioff iat ia iconstant ifrequency. iThe iswitch iis 

ioff iwhen ithe isum iof ithe ipositive iramp iof ithe iinductor icurrent i(switch icurrent) ireaches ithe 

isinusoidal ireference. iThe isinusoidal ireference iis iobtained iby imultiplying ia irectified irectified 

ihalf isinusoid iVg iof ithe irectifier ibridge ioutput iwith ithe ioutput iof ithe ierror iamplifier ithat 

idetermines ithe icurrent ireference. iThe icurrent ireference isignal iis inaturally isynchronized iand iis 

ialways iproportional ito ithe iline ivoltage, iwhich iis ithe imain icondition ifor iachieve ithe iunit ipower 

ifactor. iIn ipeak icurrent icontrol, ithe iconverter ioperates iin icontinuous iMode i(CCM) imode. iThe 

iadditional iadvantage iof ithe iCCM imode iis ithe ilow icurrent ivoltage iand ithe iinput ifilter 

irequirement i[17]. 

ADVANTAGES 

• iConstant iswitching ifrequency 

• iThe iinput icurrent iis idetected ibased ion ithe icurrent iof ithe iswitch 

• iNo ineed ifor ierror iamplifier iand iits icompensation inetwork. 

• iThe ipulse icurrent ilimit iper ipulse iincreases ireliability iand iresponse ispeed 
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 iDISADVANTAGES 

 For iduty icycle igreater ithan i50%, ithere iare isub iharmonic ioscillations ifor iwhich 

icompensation icircuit iisrequired 

 The iControl iis imore isensitive ito inoise 

 

 

 

 

 

 

 

 

Fig. i3.1: iPeak iCurrent iControl iScheme 

 

3.1.2 iAVERAGE iCURRENT iCONTROL 

In icontrolling ithe iaverage icurrent, ithe iaverage iconverter icurrent iis icontrolled iby idetecting ithe 

iinductor icurrent. iThe iinductor icurrent iis ifiltered iby ithe ierror iamplifier iwhose ioutput idrives ithe 

iPWM imodulator. iWhen icontrolling ithe iaverage icurrent, ithe iinverter ioperates iin icontinuous 

idriving imode i(CCM) i[18-19]. 

ADVANTAGES 
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 Constant iswitching ifrequency 

 For iduty icycle igreater ithan i50% ithere iis ino ineed iof icompensation iramp 

 Control itechnique iis iless iprone ito icommunication i 

 The iinput icurrent iwaveform iis ibetter ithan ipeak icurrent icontrol itechnique 

DISADVANTAGES 

• iThe iinductor icurrent imust ibe idetected 

• iA icurrent ierror iamplifier iis irequired iand iits idesign iof ithe icompensation inetwork imust 

itake iinto iaccount ithe idifferent ioperating ipoints iof ithe iconverter iduring ithe iline icycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.2: iAverage iCurrent iControl iScheme 

 

3.2 iFIXED iOFF iTIME iCONCEPT 

The iFixed ifrequency icontinuous iconduction imode i(FF-CCM) iand ithe itransition imode i(TM) 

iPWM i(fixed ion itime, ivariable ifrequency) iare ithe itwo imethods iused iin ithe ipre-regulators ibased 

ion ithe iboost iconverter. iIn ithe ifirst imode, ithe iinductor ioperates iin icontinuous iconduction imode 

i(CCM) iand iuses ia iaverage icurrent imode icontrol, ia icomplex itechnique ithat irequires ia 
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iconsiderable inumber iof icomponents. iThe isecond imode iuses imore icomplex ipeak icurrent imode 

iand imakes ithe iinductor iwork ibetween icontinuous iand idiscontinuous imode, iwhich iuses ifewer 

icomponents, iit iis iunstable iover i50% iof ithe iduty icycle iand iis imore ieconomical. iThe itransition 

imode i(TM) iinvolves ihigh ipeak icurrent ias icompared ito iFF-CCM ias ishown iin iFig. i3.3 iand iFig. 

i3.4. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. i3.3: iLine iand iinductor icurrent iin iCCM iPFC 

 

 

 

 

 

 

 

 

 

 

 

Fig. i3.4: iLine iand iinductor icurrent iin iTM iPFC 

 

A ithird imode iof ioperation iin ithe ipre-regulator ibased ion iboost iconverter iis iget ipopularity 

iwhich iis iFixed iOff iTime i(FOT). iTransition imode iis isuitable ifor ilow ipower iapplication iwhile 

iFF-CCM iis isuitable ifor ihigh ipower iapplication. iThe iFOT iis iconditionally istable ifor iduty icycle 
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igreater ithan i50% iand ineeds ino icompensation. iThe ifixed ifrequency imodulates ithe ion iand ioff 

itimes i(its isum iis iconstant iby idefinition) iand ithe igiven iconverter ioperates iin iCCM ior iDCM. 

iThe isame iresult ican ibe iachieved iwith ithe iFOT iapproach. iA iFOT iincorporates ithe 

iconventional ipeak icurrent icontrol, iin iwhich ithe iswitch-on itime i          iof ithe iswitch iis 

idetermined iby ithe ipeak iinductor ithat ireaches ithe iprogrammed ivalue iand i     i iis idetermined 

iby ia ispecial ifixed-time imodulator iin isuch ia iway iresulting iin iconstant iswitching ifrequency. 

 

 

Fig.3.5: iFF-PWM ivs. iFOT-PWM: iBasic iwaveforms 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.6: iBlock idiagram iof ian iFOT-controlled iPFC ipreregulator 
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 iIn iFOT ivariable ifrequency iis iinherent, iso ito iobtain ifixed ifrequency isystem ithe iOFF itime iof 

iswitch iis imodulated ito iobtain iconstant ifrequency isystem iwhich iis iillustrated ibelow 

imathematically i[9] i 

 

 

 iVolt isecond ibalance iequation ifor ithe iboost iinductor iunder ithe iassumption iof iCCM ioperation 

                                      i i i i i i i i i i i i(2.1) 

Where i     is ithe ipeak iline ivoltage, i      the iregulated ioutput ivoltage iand iθ ithe iinstantaneous 

iphase iangle iof ithe iline ivoltage. iSolving ifor i   we iget 

 
    {

    

       
  }     

 i i i i i i i i i i i i i i(2.2) 

Then, ithe iswitching iperiod                        will ibe 

 
    {

    

       
  }          

 
    

       
     

 i i i i i i i i i i i i i(2.3) 

In ithe iend, iif iTOFF iis ichanged iproportionally ito ithe iinstantaneous iline ivoltage, ii.e. iif 

                 i i i(2.4) 

 

Then 

             

    =
 

      
 

and, isince i    is iregulated iby ithe ivoltage iloop, ialso i         (and         ) iwill ibe ifixed. 

ADVANTAGES 

 Simple icontrol, ilow ipart icount 

 Constant iswitching ifrequency 

 Dynamic ibehavior iimprovement 

 Reduced iEMI iemissions 

 Mosfet ilosses iare iless 

DISADVANTAGES 
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 Line icurrent idistortion iis inot inegligible 
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CHAPTER-4 

CIRCUIT DESIGN 

 

CHAPTER OVERVIEW 

 

This chapter focuses mainly on the design of different circuits. In the first part, 

design of PFC is presented where IC L4984D is used .In the last part of the chapter the 

design of the Flyback converter and the RCD Snubber circuit is presented.. 

 

4.1 AC-DC CONVERTER  

 

Fig. 4.1: AC-DC Converter 

 

 

 

Following are the various components used at the input side of bridge rectifier.  

 

 

 Relay 

 NTC 

 Varistor 

 EMI Filter 

 Capacitor and Resistor 

 Fuse 
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I. RELAY 

 

It is an electrical switch to control the circuit with a separate low-power signal with the help 

of the microcontroller. A DC signal is used to control the circuit with the DC signal of the 

microcontroller. 

 

 

 

 

 

 

 

 
4.2 Relay 

 

Relay switch Circuit 

 

A relay coil is driven by the NPN transistor switch. When base voltage of transistor is zero 

then NPN transistor is in cut-off region and relay is de-energised. Similarly, if the base 

voltage is present the relay coil is energised, a relay is tripped. The relay switch circuit is 

shown in Fig. 4.3. A diode across the relay circuit is used for protection during the voltage 

collapse across the inductor coil. 
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Fig. 4.3 Relay Switch Circuit 

II. NTC 

NTC or Thermisitor is a variable resistive element which changes its resistance when 

exposed to change in temperature. They are used in series with the component or device to 

limit the current. NTC limits the initial high staring current due to its negative temperature 

coefficient. 

 

 

 

 

 
Fig. 4.4: NTC/Thermisitor 

 

III. VARISTOR 

Varistor offer overvoltage protection by means of voltage clamping just like Zener diode. It is 

resistance depend on applied voltage. 

 

 

 

 

 
 

Fig. 4.5:Varistor 

 

IV. EMI Filter 

The EMI filter is used to suppress high frequency electronic noise that causes 

interference with other devices. The EMI power supply filter consists of passive 

components, including inductor and capacitor connected in the form of an LC 

network. 

 

 

 

 

 

 
Fig 4.6 :EMI Filter 
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4.2 DESIGN OF PFC CIRCUIT 

 

The Power factor correction circuit employs the L4984D IC which incorporates the use of 

Fixed off Time (FOT) [20-21]. 

There are important feature and benefits with L4984D which are given in Table 4.1 

 

Table 4.1: Features and Benefits 

 

FEATURE  BENIFIETS 

Fixed frequency operation Simple design and reduced BOM 

Fast bidirectional input voltage feed 

forward(1/V
2
) 

Mains drops and surge protection 

Soft start Inrush energy  management 

THD optimizer circuit Improved performance 

Protections embedded: 

1. Feedback loop Failure  

2. Overvoltage protection 

3. Inductor saturation 

4. Ac brown out 

Avoid dc link capacitor burning and 

downstream converter damage 

More design reliability 

Avoid Mosfet damage 

Avoid bridge and inductor damage 

 

 

Fig. 4.7 PFC regulator based on L4984D IC 
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Table 4.2: Input specifications of PFC circuit 

 

 

PARAMETER 

 

VALUE 

 

Mains Input Voltage 

 

V(ac min)=100V :V(ac max)=300V                                          

 

 

Minimum Mains Frequency 

     

 

47-52 Hz 

 

Rated Output Power ( ) 

 

 

140  

 

Regulated Dc Output Voltage (   ) 

 

     

 

Expected Efficiency (%) 

 

92% 

 

Expected Power Factor 

 

0.99 

 

Maximum Output Voltage (   ) 

 

480V 

 

Maximum Output Low Frequency 

Ripple (Peak-To-Peak) 

 

22.5V 

 

 

Minimum Output Voltage After Line  

Drop (Vdc) 

 

 

350  

 

 

Hold-Up Time (  ) 

 

 

15    

 

Ripple Factor(  ) 

 

0.3 

 

Maximum Ambient Temperature ( ) 

 

 

50  

 

Switching Frequency(   ) 

 

50 kHz 

 

 

1. INPUT PARAMETERS 
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This part provides detailed specifications of the circuit operating conditions 

required in the following sections. The input parameters are shown in Table 4.2.  

I. Mains Voltage Range (      ): 

 

         =100 V          =300 V 

 

                                                   

(4.1) 

II. Minimum Mains Frequency: 

 

                         =47Hz 

                                                   

(4.2) 

III Rated Output Power(  ): 

 

Po=140w 

 

(4.3) 

 
 

 

IV. Regulated Dc Output Voltage (     :( higher than the maximum rectified input 

voltage) 

     √         

    √                                                         

= √         

= 425V 

 

(4.4) 

    

   *Set Value is 450V  

   

V. Expected efficiency (%): 

   =
  

   
=92%  

(4.5) 

 

VI. Expected Power Factor     : 

   =0.9                                                               

(4.6) 

 

VII. Maximum Output Voltage (   ): 

  

Maximum output voltage (   ) or     =480 V 

(4.7)                                                           

 

VIII. Maximum output low frequency ripple (peak-to-peak): 
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The ripple in the output voltage is generally selected 2-8% .The ratio of 5% is chosen 

for the output voltage ripple i.e. 22.25V 

           V (4.8) 

    

IX. Minimum output voltage after line drop (Vdc):  

               V                                                                                               (4.9) 

 

            

X. Hold-up time (ms): 

           (4.10) 

 

XI. Ripple Factor: 

     =0.30 (4.11) 

 

 

 

XII. Maximum ambient temperature (  ): 

          (4.12) 

 

 

        

XIII. Switching Frequency 

     = 50 kHz    (4.13) 

 

         

2. OPERATING CONDITIONS 

The first step is to define the main parameters of the circuit, using the specifications given in 

PART A: 

XIV. RATED DC OUTPUT CURRENT: 

 
     

    

    
 

  (4.14) 
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                    =0.32A 

 

 

XV. MAXIMUM INPUT POWER: 

 Pin  =
   

 
=
   

   
 =152.17w 

 

  (4.15) 

 

 

XVI. MAXIMUM RMS INPUT CURRENT: 

 
    

   

         
 

    
      

        
 

               =1.53A 

  (4.16) 

 

 

XVII. In particular      and       refer to the ratio of the minimum and the 

maximum input voltage to the output voltage, respectively. 

 
      

√        

    
    

                
      

        
 

                  =1.53A 

  (4.17) 

 

      
√        

    
 

    
√     

   
  

                   =   0.93A 

  (4.18) 

 

 

XVIII. MAXIMUM LINE PEAK CURRENT: 

 
       

     

         
 

       =
        

        
 

       =2.14 A 

  (4.19) 
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XIX. MAXIMUM INDUCTOR PEAK CURRENT: 

 

 
         

√     

         
(  

  

 
) 

=
√        

        
(  

   

 
) 

            =2.50 

  (4.20) 

 

 

XX. INDUCTOR PEAK-TO-PEAK RIPPLE CURRENT: 

 

  

                        

=2.50*0.30 

                 =0.75 

 

  (4.21) 

 

      

3. POWER SECTION DESIGN 
 

XXI. INPUT CAPACITOR 

 

The     capacitor is placed at the output of bridge rectifier to smooth the high frequency 

ripple and must sustain maximum instantaneous input voltage. 

 

                                                  

=               

 = 350    

 

  (4.22) 

 

    

                    * Chosen 330   630V 

 

XXII. OUTPUT CAPACITOR 

 

The value of output capacitor      depends on the regulated DC output voltage, output 

power, the RMS current, output ripple and hold-up time  

 

 
   

            

(     
     

 
)
 

   
       

 

            

  (4.23) 

 



31 

 

 

 

*In our circuit we have chosen two 68μf/450V capacitor 

XXIII. BOOST INDUCTOR 

 

 

 To find the value of L, first TOFF needs to be calculated. 

 

 

According to the datasheet of the L4984D, the linear operating range is between 0 to 3 V, so 

the maximum value of the multiplier input (        ) is equal to 3 V. 

          

The switching frequencies determine a capacitor connected between the TIMER pin and the 

ground, which gives a precise internal generator (ITIMER) of 156 μA (typical), during the 

switch-off time, generating a voltage ramp. 

 

The maximum OFF-time at        is then: 

 

           
     √         

              
            

  

  (4.24) 

 

 

 
 

√     
 

   
        

√        
  

=7.08*10
-3 

 

  (4.25) 

 

 

         
      

                   
 

   
      

           
     

      =    

 

  (4.26) 

 

              
     √     

      
  

              √     

     
                               = 

=6.42µs 

 (4.27) 
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The value of the inductance L required for the boost inductor at        can now be 

 

 

 

*In our design we have used 3200    

 

3. L4984D BIASING CIRCUIT 

 

 

 

 

 

                                              Fig 4.8:  Pin Diagram of L4984D 

The following sections describe the selection of the circuitry around the L4984D. 

 Feedback and  Over Voltage Protection   

Pin 1(INV): 

A resistive divider circuit is connected between this pin and the regulated boost voltage. 

RoutH and RoutL will be selected considering the desired nominal output voltage and the 

desired output power dissipated in the output divider. 

For 25mW output divider dissipation:  

 

           
     √         

              
             

  
    √     

    
        

 =2700   

  (4.28) 
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Here three 2.7MΩ resistors in series have been selected. 

 

For       a value of 130kΩ in parallel to an 82kΩ has been selected. 

 

Pin 6 (PFC_OK - Feedback failure protection):  

The PFC_OK pin has been dedicated to monitoring the output voltage of a separate resistance 

divider. This divider is selected so that the voltage on the pin reaches 2.5 V if the output 

voltage exceeds a preset value (Vovp), generally greater than the maximum Vout that can be 

expected, including worst-case the line / load transients For a maximum Voutmax output 

voltage of 480 V and select a current of 30μA flowing into the divider: 

     
           

        
=

    

  μ 
=83kΩ                                     (4.31) 

      

By selecting a commercial value of 82kΩ 

 
      (

       

         

  ) 

            (
    

    
  ) 

                

 

                                    (4.32) 

*Chosen value is three 3.3MΩ resistor and one 82kΩ  

 

 

 

        
            

    
 

 

 

 

= 8.2 MΩ 

 

 

 

 (4.29) 

 

 

       
    

   
 

     

     
= 

    

    
 – 1 = 179  

= 
   

   
 

= 50.3kΩ 

 

       (4.30) 
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 Current Sense Resistor 

Pin 4(CS):-The pin 4 is the inverting input of the current sense comparator. Through this pin, 

the L4948D senses the instantaneous inductor current, converted in a proportional 

voltage by an external sensing resistor    . 

       
         

          
  

 

 (4.33) 

 
    

    

    
 

                 

 

 

*Selected value of Shunt resistor is: 240    

I.      is the maximum peak current in the inductor 

II.         = 0.84V is the minimum value of the L4984D current sense 

reference clamp 

       =
    

    
 

=  
    

    
 

 = 2.38A                                                                                               

                                    (4.34) 

The calculated       will be the value at which the boost inductor shall not saturate and it will 

be used for calculating the inductor number of turns and air gap length. 

Pin 5(VFF):The L4984D uses capacitor    and a resistor    , to implement voltage feed-

forward technique and to complete the internal peak-holding circuit that provides DC voltage 

equal to peak of the rectified sine wave applied on pin MULT(PIN3). 

     = 1µF and     = 1MΩ 

 

 

Pin 3(MULT): 

        = 
         

     
 = 

     

    
 = 47kΩ 

          = (
      

  
)       

(4.35)  

(4.36)  



35 

 

 

= (
           

         
)47kΩ 

=6.6mΩ 

 

4.3 RESULTS AND DISSCUSION 

For the proper working of IC L4984D there should be proper voltage on the pins. Incase 

voltage sensed is out of the range, the IC l4984d gets shutdown and in some cases in burst 

mode. Table 4.3 summarizes all the operating conditions that can cause device malfunction. 

Table 4.3: Summary of L4984D redundant states 

Condition Caused  IC behavior Restart Condition 

UVLO    <       Disabled    >       

AC 

brownout 

        <          Stop switching         >          

AC 

brownout 

    <     Stop switching     >    

OVP        >          Stop switching        <          

 

Feedback 

failure 

       >           

          and  

           

Latched-off        <          

          and  

           

Low 

consumption 

 

     <2.4V Burst mode      >2.4V 

  Saturated 

boost 

inductor 

            Stop switching                      

 

Where         6V                          =0.23                        

                    =1.8V 
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Typical waveforms are given below of each pin in the open loop condition and Loaded 

condition 

(a) (b) 

Fig. 4.9: INV pin waveform (a) loaded condition (b) no load condition 

 

 

(a)                                                                  (b) 

Fig. 4.10: COMP pin waveform  (a) loaded condition (b)no load condition 
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(a)                                                  (b) 

Fig. 4.11: MULT Pin waveform (a) loaded condition(b)no load condition 

 

(a) (b) 

Fig. 4.12: VFF Pin waveform  (a) loaded condition (b) no load condition 
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Fig. 4.13: PFC_Ok Pin waveform in loaded condition 

4.4 iDESIGN iOF iFLYBACK  CONVERTER 

INTRODUCTION 

Flyback iconverter iis iwidely iused iin idc-dc iconversion iand iisolation, idue iits isimplicity, ilow ipart 

icount, imultiple iisolated ioutputs, ihigh ioutput ivoltages, ihigh iefficiency iand ilow icost. iThe 

icircuit iis isimple ias iillustrated iin iFig. i4.14 icomposed iof irelative ifew icomponents iFlyback 

iconverter iis iespecially irequired ifor ilow ipower iapplications i(150W) i[22]. iOnly ione iswitch ifor 

icontrolling ithe ivoltage. iThe iflyback itransformer iconsists iof ione iprimary iand isecondary 

iwinding iand ican ihave imultiple ioutputs ijust iby iincreasing ithe inumber iof isecondary iwindings i. 

i[23]. 

Main ifeatures iof iflyback iconverters 

 Simple idesign. 

 Low icomponent inumber 

 Low icost 

 No iadditional i iinductor iat ithe ioutput icircuit 
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 Wide iinput irange ipossible 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. i4.14: iFlyback iconverter 

 

Application iareas iof iflyback iconverter 

 Cell iphone icharger, icomputer/laptop icharger 

 High ivoltage isource ifor iCRTs 

 Xenon iflash ilamps, iphotocopies, ilasers 

 Isolated idriver icircuit 

 

BASICS iOF iFLYBACK iCONVERTER 

The iflyback ioperates iin itwo iperiods 

1) Switch ion iperiod 

During ithe ion iperiod ithe iprimary iwinding iis isupplied iby ivoltage iwhich isupplies ia iprimary 

icurrent ito iproduce imagnetic iflux i.The imagnetic iflux iin ithe itransformer icore iincreases ito istore 

ienergy iin ithe itransformer. iThe ioutput ivoltage ion ithe isecondary iside iis inegative iwhich imakes 

idiode ireverse ibiased iand ino ivoltage iis ipreset iat ioutput iside ias ishown iin iFig. i4.15. 

Time iinterval i0≤t≥T ii.e. iMosfet iis iON 

 V1 i= iVs  (4.37) 

 V2 i=  
  
  

          (4.38) 
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During ithis iperiod isecondary iside iis iopen icircuited iand iit idraws ionly ino-load imagnetization 

icurrent iincreases ifrom i     ito i      to istore ithe ienergy iin ithe itransformer 

 

 

 

 

 

Fig.4.15: iOn istate iequivalent icircuit iof iFlyback iconverter 

2) Switch ioff iperiod 

During ioff iperiod ithe iprimary icurrent iand imagnetic iflux idrops iwhich iresults iin ipositive 

isecondary ivoltage. iThe ioutput idiode iis iforward ibiased, iand ithe icurrent iflow ito iload ias ishown 

iin iFig. i4.16. 

Time iinterval iTon i≤t≥ iT ii.e iMosfet iis iOFF 

iThe ioutput iof ithe iflyback iconverter iduring off time is  

    
  

  

 

   
     i i i i i i i i i i(4.39)  

Where iD iis ithe iduty icycle iof iMOSFET iswitch 

 

Fig. i4.16: iOff istate iequivalent icircuit i 
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Fig. i4.17 iSwitching iWaveforms 

Every iSMPS idesign iprocess istarts iwith isuitable iselection iof icomponents iand iits ispecifications. 

iThe ifollowing iparameters ineed ito ibe idefined iand idetermined. i 

 

R1, iR2, iR5-Resistors 

C2, iC7, iC1,C6, iC3-Capacitors 

T1-Flyback itransformer 

Q3-MOSFET 

D6, iD1-Diode 

 

Fig. i4.18: iFlyback iConverter 

 



42 

 

 

4.4.1 iFLYBACK iCONVERTER iDESIGN i(31V, i4.8A) 

Input iVoltage iRange i336V iDC i-470V iDC iOutput i31V iDC, i4.8A 

DESIGN iPROCESS 

Primary iReflected iVoltage i( i         

Primary iInductance i=470μ  

Switching iFrequency i=60 ikHz 

Iprimary iPeak i(max-3.82A) iIpri iRms i(max i1.19A) 

TRANSFORMEER iDETAILS 

Core iType: iETD39TH-H-14Pin 

 

Fig. i4.19: iFlyback iTransformer iCore 

Primary iInductance: i470   

Leakage iInductance: i4.7    @100KHz i 

Maximum iFlux iDensity: i300mt 

Required iGap iLength: i0.7mm i(Al: i204Nh/   ) 

 

4.5 iRCD iCLAMPING iDESIGN 

INDRODUCTION 

The iflyback itransformer iconsists iof imagnetic icore iwith iprimary iand isecondary iwinding 

iwrapped iaround ithe icore. iThe voltage is  istep iup ior istep idown  idepending iupon ithe inumber iof 

iprimary iand isecondary iturns in the transformer. iWhen ithe iprimary iwinding iis iexcited iby iinput 

ivoltage ithe iflux iis iproduced iin ithe icore iwith isome ileakage iout iin ithe iair itermed ias ileakage 

iflux. iThe ileakage iflux iis imodelled ias ia ileakage iinductance ias ishown iin ifigure i1.Incase ithere iis 

ino ileakage iflux, ithere iwill ibe ino ileakage iinductance. iThe ieffect iof ileakage iinductance ion ithe 

ioperation iof ithe iflyback iconverter iis ito iforce ia ivoltage ispike ito iappear iacross ithe iMOSFET 

iswitch iwhen iit iis iturned ioff. 
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Lik-Leakage iInductance 

Tmain-Flyback itransformer 

Smain-MOSFET i 

D0-Diode 

C0-Capacitor 

 

Fig. i4.20: iFlyback iconverter iwith ileakage iinductance 

 

The isimplified icircuit iis ishown iin iFig. i3.5.The icircuit ishows ithe ileakage iinductor iin iseries 

iwith ithe iswitch. iDuring ithe ion iperiod iof iswitch ithe icurrent iflows ithrough ithe iswitch iand 

iinductor iand iduring ioff iperiod ithe ienergy iin ithe itransformer icore iis itransferred ito ithe ioutput, 

ibut ienergy iin ithe ileakage iinductance icannot ibe itransferred ito ithe ioutput. 

 

  

 

 

 

 

 

Fig. i4.21: iSimplified iflyback iconverter isection iwith ileakage iinductance iand iswitch 

 iThe ileakage iinductance icurrent istarts ito iflow ithrough ithe iMOSFET, ithus icharging ithe 

icapacitor iand iincreasing ithe ivoltage iacross ithe iswitch. iDepending ion ithe iamount iof ienergy 

istored iin ithe ileakage iinductance, iwhich iis irelated ito ithe iamount iof ileakage iflux iin ithe 

itransformer, ithe ivoltage iacross ithe idevice imay iexceed ithe idevice’s iratings iand ia icatastrophic 

ifailure iof ithe idevice iwould ihappen i[24]. 

4.5.1 DESIGN iOF iRCD iCLAMP 

 

Smain-MOSFET i 

Lik-Leakage iInductance 
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The ienergy ipresent iin ithe ileakage iinductance ishould irecovered iand ineed ito ibe iconverted iinto 

iheat irecovered iand itransfer ito ioutput iwhen iswitch iturns ioff, ithe ivoltage iacross ithe ileakage 

iinductance iis i           iand ithat icause ithe iprimary iside icurrent ito islew idown iin ian 

iinterval i t ias ishown iin iFig.4.22.Only iafter ithe iinterval idelta i t ihas ielapsed, iis ithe isecondry 

iside iwinding iable ito itake iover ithe ientire iprimary iside icurremt iand iturn ioff itransition ifinally 

igets icompleted[25] 

Fig. i4.22: iFlyback iConverter iwith iZener iClamp iand iRCD iClamp 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. i4.23: iGeneral iClamp iwaveforms 

Table ii4.3: iInput ispecification iof iFlyback iconverter 
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Input iVoltage iRange 336-470V iDC 

     (Reflected iVoltage) 139 

MOSFET iRating 900V, i10A 

Clamping iVoltage                350V 

Primary iPeak icurrent     : 3.83 

Switching iFrequency      ): 56    

Leakage iInductance 4.7   

DESIGN iOF iCLAMP: 

Finding ivalue iof iR iand iC 

Calculation iR: 

 
  

         (          )

            
 

                        

                     
 
 

 i i i i= i38.4     

(4.40) 

Calculation iC: 

   
  

     
=

  

                

=4.65   

(4.41) 

     

Loss iCalculation iin iRCD iClamp: 

 P 
 

 
              

      

          
 

= i i i i

 

 
                       

   

       
 

=               

(4.42) 

Suitable ivalue iof iR iand iC iare iselected ias 

  i i i i i         
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CHAPTER-5 
RESULTS AND DISCUSSIONS 

 

5.1PROTOTYPE & SIMULATION RESULTS 

The circuit contains two important parts, AC-DC converter with Power factor correction 

circuit and Flyback converter. All the subsequent design calculations are given in chapter-

3.The power factor correction implements the L4984D IC to accomplish Fixed OFF time 

technique. The PFC IC generates the pulse for Mosfet as shown in Fig.5.1.  

Fig. 5.1: PWM pulse for PFC MOSFET 

 

The output of the boost converter is regulated to 450V which is more than peak of input 

voltage. The Fig. 5.2 shows the IC L4984D in the burst mode (mode where pulse is given to 

MOSFET during regular intervals) during no load.   
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Fig. 5.2:  L4984d IC in burst mode 

 

 
 

Fig. 5.3: PFC output during load condition 

 

The flyback converter uses Mosfet which is driven by pulse generated by STM32FO70RB 

microcontroller as shown in Fig. 5.4. 

 

 

Fig.  .5.4: PWM pulse from STM32FO70RB 
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The pulse strength is not enough to drive the Mosfet switch, so a Mosfet driver is used which 

generates the pulse to switch on/off the MOSFET. The pulse so generated from the driver 

circuit is shown in Fig. 4.17. The pulse frequency is 60 kHz. 

 
Fig. 5.5: PWM pulse from driver circuit 

 

The Vds (drain-source voltage) as shown in the Fig. 4.18 depicts the proper working of 

Flyback circuit. 

 

 

                                            Fig.5.6: Vds (drain-source voltage) of flyback converter 
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The output of flyback converter is controlled by changing the duty cycle of the MOSFET. 

The output can be used for number of application such as battery charging, LED lighting, 

BLDC motor etc. In this dissertation battery charging application is considered. Since the IC 

L4984D used in the power factor correction is not available in the PSIM, to verify the circuit 

operation UC3854 IC is used for the simulation purpose as shown in Fig. 5.7 .The UC3854 is 

used at the output of bridge rectifier to get the regulated output voltage and near unity power 

factor at the input mains. Fig.5.8 sows the input current and voltage with the power factor of 

0.98.The output voltage from the PFC circuit is step down with flyback converter to low 

voltage and isolation from the high voltage PFC circuit. 

 

 

Fig. 5.7: Circuit model of AC-DC converter with PFC converter 
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Fig. 5.8: Input Voltage and current waveforms of AC-DC Converter 

 

Due to UC3854 the regulated voltage is obtained at the output of PFC circuit at different 

input voltages as shown in Fig 5.9. 

(a)    

 

(b) 

Fig. 5.9: Simulated DC voltage at the output of PFC converter at (a) at input voltage 90V (b) at input voltage 220V 

The flyback output voltage is fed to 24V battery. Battery load is modelled with a nominal 

voltage of 24V as shown in Fig. 5.10.It is connected to the output of Flyback converter and 

simulated at different values of Voc that represent SOC (state of charge).In the simulation 

CCCV mode of charging is performed by varying Voc. 

0.4 0.6 0.8

Time (s)

0

200

400

Vo
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Fig. 5.10: Battery Model [25] 

The complete circuit model is shown in Fig. 5.11.To perform the CCCV mode of operation 

the Voc in battery model is made to increase in the step changes with the increase in the duty 

cycle, voltage and current of Flyback converter. A look up table as given in Table 5.1 is made 

with two of its input are connected to the battery to sense its output voltage and other to the 

MOSFET switch to turned it on, regulating the current and voltage during CC and CV mode. 

Simulation results shown in Fig.5.12. The current waveform has spikes at transition points 

which can be removed by smooth change of duty cycle. The efficiency found in the 

simulation for AC-DC converter is 91.5% and in the Flyback Converter is 93.57% and 

overall efficiency for the circuit is 85.6%. 

Table 5.1: Look Up Table 

Battery Voltage Duty cycle 

12 0.111 

14 0.119 

16 0.127  

18 0.136 

20 0.144 

22 0.152 

24 0.158 

26 0.163 

28 0.077 
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Fig. 5.11: Circuit of Modelled battery charging 

Fig. 5.12: Simulation result with CCCV mode 
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PROTOTYPE PHOTOGRAPH 
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CHAPTER-6 

CONCLUSION AND FUTURE SCOPE 
 

 

5.1 CONCLUSION 

 

The power factor of the circuit is improved by using the power factor correction circuit based 

on the Fixed Off Time (FOT). IC L4984d based on Fixed Off Time (FOT) is used in the 

hardware. The operation of IC UC3854 to obtain a better power factor and a regulated output 

voltage is verified using PSIM. The design and simulation of the flyback converter and the 

RCD snubber is presented. To verify the applicability of the proposed circuit, a 24 volt 

charger is selected. The nominal power rating of the charger circuit is 120 watts. The battery 

is charged based on the constant constant current algorithm using the look up table. 

 

5.2 FUTURE SCOPE 

 

The future work of this project can be extended to the use of the circuit in different 

applications. The designed circuit can be used for various applications, such as the LED 

driver, the BLDC motor controller, etc. In all these applications, the need for a power factor 

correction unit is mandatory to meet international harmonic standards. In addition to 

applications, changes to the basic structure can be made to incorporate the use of zero-voltage 

switching and the interleaved boost converter technique. 
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HARDWARE SCHEMATIC 

 

PCB DESIGN 
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APPENDIX-B 

LIST OF COMPONENTS 

C Designator Type 

0.1uF/50V C20,C21,C25,C29 Capacitor 

0.47uF/63V C26 Capacitor 

10NF/50V C31 Capacitor 

10NF/1KV C7 Capacitor 

2.2nF/2KV C1 Capacitor  

22PF/100V C2 Capacitor 

22NF /100V C27 Capacitor 

270NF C30 Capacitor 

680PF/50V C23 Capacitor 

10uF/63V, ALU 
EECTRO C15,C22 Capacitor 

1uF/16V,ALU EECTRO C24,C28  Capacitor 

1uF/63V,ALU EECTRO C5 Capacitor 

22uF/50V,ALU 
EECTRO C16,,C17,C18,C19  Capacitor 

220uF/50V,ALU 
EECTRO C6  Capacitor 

820uF/50V,ALU 
EECTRO C3,C33  Capacitor 

NU C4  Capacitor 

270uF/250V, ALU 
EECTRO C8,C9  Capacitor 

1uF/305V AC-X2 FILM 
CAP BOX TYPE C12,C13 Capacitor 

330nF/630V, MPP C11,C32 Capacitor 

2N2F/1KV C10,C14 Capacitor 

240mE/1W R30 Resistor 

E01 2W R4 Resistor 

100E,1/4W,MFR R14 Resistor 

100K,1/4W,MFR R10,R49 Resistor 

10E,1/4W,MFR R13 Resistor 

10K,1/4W,MFR R12,R15,R24,R36 Resistor 

1K,1/4W,MFR 
R11,R16,R19,R20,R25,R26,R27,R28,R29,R47,R8 

Resistor 

1M,1/4W,MFR R39 Resistor 

2K4,1/4W,MFR R31,R40 Resistor 

2M2,1/4W,MFR R17,R18,R21 Resistor 

2M7,1/4W,MFR R56,R57,R58 Resistor 

300K,1/4W,MFR R48 Resistor 

33K,1/4W,MFR R22 Resistor 

3E3,1/4W,MFR R46 Resistor 

2M4,1/4W,MFR R52,R53,R54,R55 Resistor 

470K,1/4W,MFR R7,R9 Resistor 
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47K,1/4W,MFR R35,R59 Resistor 

68K,1/4W,MFR R33,R34,R37,R38,R42,R43,R44,R45,R23,R32,R41 Resistor 

82K,1/4W,MFR R51 Resistor 

6K8,1/4W,MFR R23,R32,R41 Resistor 

82K,1/4W,MFR R50 Resistor 

82K,3W,MOR R2 Resistor 

NU R3 Resistor 

470E 2W/MOR R1 Resistor 

5.1R 2W,MOR R5 Resistor 

15V ZENER D10,D9 Diode 

IN4007 D13,D4,D5,D7 Diode 

IN4148 D11,D12,,D8 Diode 

NU D3 Diode 

IN5406 D14 Diode 

STTH3R06RL OR 
MUR460 D2 Diode 

STTH110 D6 Diode 

SR20H200C D1,D15 Diode 

FUSE 4A F1 Fuse 

GBU4J OR RBU406M BR1 Bridge rectifier 

CONTROL CARD P4 HEADER25X1 

MOV,310V RV1 PITCH,7.5MM 

NTC 5R NTC1 NTC 

PC814 ISO1 Photo coupler 

PC814 ISO2 Photo coupler 

BA10358F-E2 U1 PDIP8 

PMD3001D,115 U2 SOT23-6 

BC847 Q7 SOT23-BCE 

PFC 
INDUCTOR,1831mH/2A L2 

TOROIDAL 
Inductor 

70uH/2A L3 
TOROIDAL 
Inductor 

3mH EMI LINE FILTER LF1 Emi Filter 

PULSE 
TRANSFORMER TX1 XMR_PULSE 

4uH/10A, OUT PUT 
FILTER L1 TOROIDIAL 

TRANSFORMER,EER42 T1 ALSA_XMR 

L4984D U3 SSO10 

2N5401 Q5 TO92-CBE 

MMBT5551 Q2,Q4,Q8 TO92-CBE 

LP2950 VR1 
Voltage 
Regulator 

STF18N65M5 Q1 MOSFET 
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