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Abstract: This paper presents a flicker free operation of light emitting diode (LED) driver with Zeta converter for low 

power applications. In this work, the power factor of the LED driver is achieved by Zeta converter and it is operated in 

Continuous Conduction Mode (CCM). Further, the Zeta converter provides continuous current for an output system. 

Further, the design and simulation of the proposed circuit is done using MATLAB/Simulink software. Results 

demonstrate that the closed loop control system using fuzzy logic controller for the proposed LED driver provides good 

voltage regulation. In addition, the proposed design and operations have been practically verified with a 40W LED 

driver module. 
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Introduction 

     For around last hundred years, the light-emitting 

diode (LED) plays a vital role within the field of lighting. 

Due to the aggressive growth of LED lighting, it create new 

tasks for power designers to advance new luminaries at 

the lowest possible prices without having to work fast and 

improve power quality. Therefore, the purpose of using 

the lighting increases to 11% and for administrative 

purposes to 20% [1]. Nowadays, there is a growing 

interest in the economical use of electrical energy. The 

light emitting diode technology is so enormously 

economical and it has more significance over other 

lighting systems. However, the light-emitting diode lamps 

still have greater capital investment. Therefore, it is 

important to synthesis each of their components (driver 

and diode itself) in an affordable way.  

     Drive circuit or Drivers can be employed to control 

the facility flow between the mains and the 

semiconductor device itself. It is necessary to limit the 

low-frequency components on the semiconductor diode 

current to attenuate flicker. Some engineering resolution 

has been planned to unravel the issues of power quality 

and flicker in semiconductor diode drivers [2]. Many 

researchers have proposed driver circuits for LED’s [3-10]. 

     The buck converter is a less expensive converter, but 

it is only effective when the DC output voltage is well 

below the AC input voltage. In addition, it distorts AC 

mains current at the time of AC mains crossover instant. 

Therefore, the buck converter is not an honest choice for 

Power Factor correction applications.  

     On the other hand, the boost converter offers 

higher power quality performance with high potency and 

this is often extensively utilized in industries.  However, 

this converter provides the next output voltage as the 

input voltage for an economic PFC operation. Typically, 

LEDs area unit, low-tension devices. To drive such a high 

voltage load, many numbers of LED units must be 

switched asynchronously, resulting in an undesirably 

higher load and price level. Hence, for low-power lighting 

loads, this convertor is also not appropriate. The Zeta 

convertor springs from a buck–boost convertor, whereas 

the SEPIC and Cuk convertors square measure derived 
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from the boost converter [11-12]. Normally, the Power 

Factor Correction is meted out by Zeta convertor 

operational in CCM. With the exception of the Zeta 

convertor all others (Buck, Boost, Buck-Boost, Cuk and 

Sepic) are used to correct the Power Factor of power 

suppliers but they need their intrinsic limitations [3].  

     This paper presents an exciting application of the 

Zeta converter with low - power LED lighting applications 

using a fuzzy logic controller. Further, the Zeta converter 

preference has come together from the constraints 

inherent in alternative converters. 

Methodology 

     Fig. 1. shows the proposed circuit which consists of 

a cascade-connected uncontrolled bridge diode rectifier 

with non-isolated Zeta converter. An inductive and 

capacitive (LC) input filter is also incorporated to adjust 

the EMI level. Further, the proposed circuit consists of 

switch S1, inductor L1, capacitor C and the output 

inductance and capacitance is L0 and C0 respectively. The 

freewheeling diode D is also connected to this circuit and 

the fuzzy logic controller is used for voltage regulation.  
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Fig. 1. Circuit diagram for proposed system. 

Operating Principle 

     The operating principle of Zeta converter is 

explained with the help of following two stages:  

Stage 1 
     Fig. 2. shows the stage 1 operation. In this stage 1, 

the switch S1 is ON and the current flows through the 

inductance L1 and L0.  
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Fig. 2. Stage 1 operation. 

 

     The circuit current comes from voltage source and 

the inductive currents are increased linearly. In this 

condition, the diode D will be in reverse biased. The switch 

current I1 is divided into two components namely IL0 and 

IL1. In this mode, the discharging of capacitance C1 and 

charging of Co takes place. The switch current 

1 1 0L LI I I  . 

Stage 2 
     Fig. 3. shows the stage 2 operation. In this stage 2, 

the switch S1 is turned OFF, the freewheeling diode D is 

forward biased and it starts to conduct.  
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Fig. 3. Stage 2 operation. 
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     The energy stored in the inductances is discharged 

through capacitor and the inductor currents are 

decreasing gradually. The voltages across the inductance 

L1 and Lo are equal to the output voltage Vo. The diode 

current 1 1 0L LI I I   . The operating waveforms at 

both the stages are clearly shown in the fig. 4. 
 

 

Fig. 4. Operating waveform. 

Closed loop Control using FLC  

     Fuzzy logic is a rule-base structure for decision-

making. To determine the output of faded logic, there 

must be a mechanism [13]. A substantial part of the Fuzzy 

Control literature deals with using fuzzy policies for non - 

linear Proportional-Integral-Derivative (PID) controls. As a 

result, many control engineers believe that using fuzzy 

rules with nonlinear PID control is the primary use of fuzzy 

logic for control. A mamdani Fuzzy Logic Controller (FLC) 

is built in this proposed system to alter the output voltage 

as desired which is shown in fig. 5. In the Fuzzy-based 

voltage controller process, two inputs are specifically 

taken into consideration, the variation of the 

contemporary and set converter voltage the error is build 

and the change in error is achieved automatically.  
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Fig. 5. Fuzzy Logic Controller. 

     The error (e) and change in error (CE) during a 

sampling phase are selected as inputs to the fuzzy logic 

which is given below: 

 

    ?  e set voltage actual voltage  (1) 

 

      ? 1ce e n e n 
   (2) 

 

where e(n) and e(n-1) indicate the contemporary and 

earlier samples of converter output voltage, the set 

voltage is reserved as 40V.  

Design of the Proposed Circuit 

     The design process comprises calculations of the 

Zeta DC - DC converter components based on PFC as 

follows: The value of duty cycle, for a Zeta converter 

functioning in continuous conduction mode (CCM) is 

calculated as, 
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     A rule of thumb is to assign a value for K between 

0.2 and 0.4 of the average input current. A desired ripple 

current can be calculated as follows:        

 

L indesired I K I      (4) 
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  (6) 

 

     The critical value of inductance L1 and L2 is 

determined by allowing the change in peak-to-peak ripple 

current to be 100% of the average output current. The 

critical value of inductances L1 and L2 are expressed as, 
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     The coupling condenser (C1) is designed according 

to its ripple voltage content. The voltage over the coupling 

condenser is the peak value of the input voltage. Thus the 

design of capacitor C1 is very important and it can be 

expressed as, 
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      The DC connecting condenser (Co) must have 
sufficient capacity to maintain a constant DC connecting 

voltage with less ribbon content and must provide a 

continuous load current at a high frequency. The value of 

DC link capacitor (Co) is defined as, 
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RESULTS AND DISCUSSION 

Simulation results 

     The model of the proposed PFC based Zeta 

converter for LED driver is simulated using 

MATLAB/Simulink and under normal running condition, 

the Lamp is considered as a resistor at high frequency. Fig. 

6. shows the input voltage and current which are in phase 

for the full load condition. 

 

 

Fig. 6. Input voltage and current. 

     Fig. 7. (a) and (b) show the output voltage and 

current of the proposed circuit respectively. It is clear that 

the output voltage is maintained in a constant value with 

the help of closed loop fuzzy logic controller. Further, the 

start-up transient is also clearly observed and after 

sometime both output and current values are maintained 

equal to the set constant values.  

 

  

(a)  

 

(b) 

Fig. 7. (a) Output voltage (b) Output current. 
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Fig. 8. Input current waveform with harmonic spectrum. 

     The Fast Fourier Transform (FFT) is used to calculate 

the total harmonic distortion (THD) of the proposed circuit. 

Fig. 8. shows the input current waveform with harmonic 

spectrum of the proposed circuit. Further, the THD value 

of the proposed circuit is 2.94%. 

Experimental results 

     The zeta converter for proposed system is designed 

using the following specifications: 

 Input voltage V1=20 V 

 Output voltage Vo=40VDC Maximum output 

power =40 w 

 Switching frequency fs=10kHz 

 

Fig. 9. Proposed Hardware prototype. 

 

     A 40W, 40V/1A output experimental prototype is 

built to verify the proposed topology. The hardware 

prototype is as shown in fig. 9. Also, the design 

specification of the proposed system is presented in the 

table 1. Based on the values zeta converter was designed. 

 
Table 1 Design specifications of proposed converter using zeta topology 

 

 

Fig. 10. Pulse signal for switch 

  

(a) 

 

(b) 

Fig. 11. (a) Input current (b) Input voltage for 20V supply respectively. 

     Fig. 10. shows the pulse signal, which is generated 

by the controller for switch operation. Fig. 11. (a) and (b) 

show the variation of voltage and current in the supply 

respectively and it is observed that both contain some 

oscillations respective waveform. 

Parameter Value 

Duty Cycle 0.6 

Inductor L1 1 mH 

Inductor L2 1 mH 

Capacitor C1 20uf 

Output Capacitor Co 3000uf 
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Fig. 12. Input voltage and current 

     Fig. 12. shows the supply current and supply voltage 

and it is seen that both are in phase with each other. Fig. 

13. (a) and (b) show the output voltage and output current 

of the developed hardware prototype. 

 

  

(a) 

 

(b) 

Fig. 13. (a) Output voltage (b) Output current of the proposed hardware 

prototype 

     Fig. 14. shows the total harmonic distortion in the 

supply with respect to output power. Even though, the 

THD of 2.94% is observed in the simulation, it is observed 

that the maximum of 4.5% THD is produced by developed 

hardware at the maximum output power of 40 watts. Also, 

it is placed between 2% and the fig. 15. shows the 

efficiency versus output power. 

 

 

Fig. 14. Measured THD versus the output power 

 

Fig. 15. Measured power efficiency versus the output power 

     It is demonstrated that the proposed zeta converter 

saves the input power factor close to maximum efficiency. 

CONCLUSION 

     This paper analyzed a non-insulated dc-dc zeta 

converter with a high PF function in CCM. It is very difficult 

to preserve high PF at low electricity, but the zeta 

converter has saved the input PF close to maximum 

efficiency. Using the non-insulated zeta converter, a new 

low - cost flicker free LED driver was implemented. The 

proposed low - cost LED with fuzzy concept was developed 

which could be useful in the development of an industrial 

platform for future LED systems. Therefore, according to 

the results obtained, the proposed circuit have following 

features  

 It's far specially simple and robust. 

 It presents CCM PF correction and is thus more 

suitable for low - power applications. 

 It has one controlled switch. 

 It operates both mode in step-up and step-down 

voltage. 

 A regulated output voltage with only one power 

conversion stage can be allowed.  

 The switch can open and protect the structure in 

case of failure. 

     Both simulation and experiment were performed to 
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verify the suggested energy channeling LED driving 

method for 40W, 40V/1A prototype, achieves 0.99 power 

factor. 
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