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ABSTRACT 

Effective use of electricity is identified by means of an important parameter called power factor. This paper introduces the 

conversion of AC-DC by means of incorporating a zeta converter. Improvement of power factor has become an important 

phenomenon in order to harvest the necessary output. It thereby improves the voltage and maximizes the current carrying 

capacity and reduction of loss of power. Due to the harmonics enhancement the fundamental frequency gets varied which 

results in increase of the total harmonic distortion (THD) when this condition occurs, we observe that loss of power has 

increased. To reduce the increase of THD, we are in the position to develop and implement a converter suitable for the 

power factor correction. Upon literature survey various methods have been introduced along with the available converters. 

Here we use DC-DC zeta converter which has lower output voltage ripple and smooth compensation where synchronous 

mode of rectification is illustrated. A comparative analysis is done for both synchronous and diode rectification and it is 

noted that the results are highly satisfactory which gives better load transient results on simulation through MATLAB / 

SIMULINK. The response of the system can be witnessed by generating a step load change at the input side.  
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1. INTRODUCTION 

As we look into the Indian protocols of electricity generation, transmission and distribution it is sufficient and a known 

factor that a 50Hz frequency is employed for all electrical utilization and power supplies. The input quantities are either 

direct or alternating in nature and the output is harvested depending on the requirements and other intermediate blocks 

inserted in the circuits. Apparently we notice that most of the industries and other works which primarily depends on 

electricity are satisfied by using an AC source. But an output cannot be recorded without using DC source [1] – [4]. So it 

becomes a necessity of installing AC to DC conversion step up in the application needed. Introducing a rectifier unit is easy 

to and cost efficient too. But it remains ineffective if it does not meet the demand of the consumer. That is we are in the 

position to maintain a power factor to unity. So as to obtain the necessity output and the transfer of energy from the source 

to the main is to be done effectively. Since the power factor is the ratio of the real power to the apparent power eventually 

the reactive power consumption into the diminished thoroughly. Various methods are available for improvement of power 

factor [5], [6]. Primarily it is done by using power factor correction circuits. These power factor correction circuits in turn 

maintain the power factor to unity by stabilizing the sinusoidal and pulsating current. While incorporating these devices, 

several pulses of current are drawn from the AC network. Since the basic operation is performed in continuous and 

discontinuous mode. Chances are high in using of fundamental odd harmonics. Harmonics can be of n th order type and 

higher order harmonics are neglected while the lower order harmonics are to be treated with some methodologies. Along 

with the harmonics created we can observe several losses in the capacitors introduced in the circuit [7] – [14]. It is also 

important to note that PFC is not present then high amount of harmonics is seen along with very poor quality of power 

which in turn affects the entire grid network. Harmonics are never meant to be good and hence it is grasped from the 

knowledge obtained through the fundamentals of power electronics.  

 Two methodologies such as active and passive control strategies is done for the eradication of harmonics. When a 

passive filter is injected in to the circuit it reduces the harmonics but the problem is not completely solved. Despite the 

power factor increased satisfactorily.  

 Keeping into account, active power factor correction is done and this is done through zeta converter approach. 

Although the correction of power factor is performed using several other methodologies. We have chosen zeta converter 

owing to the advantages and its necessity of being introduced in this correction approach is that it gives better results than 

other converters which was use conventionally.  
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 In this proposed literature, active power factor with zeta converter is elaborated. Since an alternative converter 

instead of a hybrid active converters like buck, boost and buck - boost are used. The usage of zeta converter is justified 

here. Therefore this paper focuses on power factor correction with the help of zeta converter under active approachable 

mode owing to demerits of other converters. It is observed that the zeta converter is been operated under continuous 

conduction mode aiming to harvest the required output.  

The chosen zeta converter is then injected to a synchronous rectifier where replacement of diodes is done by using a 

MOSFET under continuous conduction mode of operation and it is evident that synchronous rectification provides better 

results with respect to the use of diodes. 

2. ZETA CONVERTER 

 

In the world of switching DC/DC converters the Zeta topology is a lesser known relative of the SEPIC topology which is 

an acronym for Single-Ended Primary Inductance Converter. The Zeta topology is similar to the SEPIC, which employs 

two inductors, two switches and a capacitor to isolate the output from the input .However, Zeta conversion requires a P-

Channel MOSFET as the primary switch, while SEPIC conversion uses an N-Channel MOSFET. 

Both converters provide a positive output voltage that can be greater than, equal to or less than VIN while avoiding the 

complexity and cost of a buck-boost converter. The Zeta converter however, has the advantage of significantly reduced 

output ripple voltage. A zeta converter is a fourth order Nonlinear system being that, with regard to energy input, it can 

seen as buck boost-buck converter and with regard to the output, it can be seen as boost-buck-boost converter. The ideal 

switch based realization of zeta converter is depicted.  

A non-isolated zeta converter is used in this research work although several operating modes are possible for this converter 

depending on inductance value, load resistance and operating frequency, here only continuous inductor current 

”iL1”analysed using the well-known state-space averaging method . 

This converter is another option regulating an unregulated input-power supply. All non-conventional system energy system 

require particular power converters as seen that the power electronic converter is the heart of the entire system. ZETA 

Converter is mentioned and it is use provide positive output from the input voltage it can be used to increase as well as 

decrease the voltage. This converter is used for power factor correction applications and short circuit protection. 

The Zeta Converter provides Non-inverted output, its ripple less, low voltage diode and Continuous conduction mode.  
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 Fig.1 shows the equivalent circuit of zeta converter.  

+

-

- + + -S

RL

C1

Vs L1

L2

C2

 

Fig.2 during ON stage 
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Fig.3 during OFF stage 

Zeta converter exhibits two different modes as follows: 

 Mode1: The first mode is obtained when the switch is ON (closed) and instantaneously, the diode D is OFF as shown in 

fig.2. During this period, the current through the inductor L1 and L2 are drawn from the voltage source Vs. This mode is 

the charging mode  

Mode2: The second mode of operation starts when the switch is OFF and the diode D is ON position as shown fig.3. This 

stage or mode of operation is known as the discharging mode since all the energy stored in L2 is now transferred to the load 

RL [16]. 

2.1 Design of DC-DC ZETA converter  

Consider the specifications of DC-DC ZETA converter parameter values are as follows Duty cycle D=0.628; Load Resistance 

RL= 50 ohms; Switching frequency fs = 25 KHz; ΔIL1= 2.5A; ΔVc1=0.06V 

 
      L1= 1mH 

 
      L2 = 1mH 

 
       C1 = 10µF 

 

       C2 = 1000µF 

3. SYNCHRONOUS RECTIFICATION 

 

In order to accomplish better efficiency without much physical limitations and to encounter the basic demands the designers 

of the power supply area followed a new methodology called as SR. This does the same performance of the diodes 

eliminating the drawbacks seen in the diode rectification process. 

The basic concept is that usage of MOSFET is employed to reach the performance exactly seen by the diodes thereby 

improving the efficiency, higher reliability, proves to be the easiest way of approaching the manufacturers and many more 

which eventually diminishes the overall value and price of the other approaches. 

Several demerits of diode rectification is observed as when the FET is under operating condition it exhibits energy to the 

output inductor and the load and when it is under rest condition commutation problem occurs. Fig.4 shows the structure of 

synchronous rectifier used in converter circuit. 
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Active rectification or synchronous rectification is often employed in AC/DC converters where efficiency is a key issue. 

Using a synchronous rectifier enables power losses to be minimised and efficiency levels to be improved, although at the 

expense of additional complexity 

 

Fig.4 Synchronous Rectifier 

Apparently, a MOSFET used in place of a diode gives significantly smaller voltage drop than the diode at a given constant 

current. This shows the effectiveness of SR and hence it shows sensitivity towards efficiency, size of the converter and the 

thermal behaviour of these handheld devices.  

Further we can notice that MOSFET manufacturers show greater interest in incorporating new technologies which is used 

for SR [17]. 

Perks of synchronous rectification includes higher rating performance with improved efficiency, consumption of less power 

and inherently optimal current sharing when synchronous FETs are paralleled. 

In a typical diode rectifier, the diode turns on when it is forward biased and off when it is reverse biased. It is possible to 

control an active element so that the effect same happens. The advantage with an active rectifier is that the conducting 

resistance and voltage drop are much less than they are with diodes. 

As the switching of the active element has to be timed correctly it is actually in synchronism with the waveform being 

rectified. It is for this reason that these rectifiers are known as synchronous rectifiers. Implementing SR in isolated 

converters improves the performance greatly.  

4. Experimental Results and Analysis  

As active power factor correction method is employed in this proposed article, it is mandatory to perform experimental 

analysis and the major outcome is harvested by a comparative study on both synchronous and diode rectification in 

agreement with voltage ripple factor. This is done by performing few steps so as to obtain the satisfactory result. 

An internal voltage of 28 V DC input voltage is injected and the comparative study is based on the parameters including 

duty cycle, losses and the DC Voltage. 

It is suggested to vary the duty cycle from 0.3 to 0.7 and the losses is compared at 20 kHz and 40 kHz whereas the DC 

voltage is controlled by means of electronic  load with an initial volt if 0 W to 160 W with 20W interval. 

4.1 The Performance Comparison between Synchronous rectifier and diode rectifier of ZETA Converter 

It is seen that the ZETA converter employing synchronous rectifier results in better input ripple voltage whereas worse in 

output ripple voltage as shown in the figures. Fig.5. shows the advantage of using zeta converter with synchronous 

rectification than diode rectification in terms of efficiency  
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                               (a)                                                                       (b)  

Fig.5 The output voltage ripple factor at 0.5-0.7 duty cycle using (a) synchronous rectifier (b) diode rectifier 

4.2 20 kHz and 40 kHz switching frequency comparison 

On comparing the models of both synchronous and diode rectification mode, we observe that the synchronous rectification 

gets the highest value in terms of efficiency. The peak efficiency value shoots to 93% and diminishes to 85.6% at half the 

amount of the duty cycle. 

 

Fig.6 Measured efficiency of Synchronous rectifier and diode rectifier of ZETA converter at 20 kHz and 40 kHz 

 

Fig. 7 Comparison of efficiency using diode rectifier at different operating frequencies 
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Fig. 8 Comparison of efficiency using synchronous rectifier at different operating frequencies 

 

Fig.9 Comparison of output current and efficiency with and without the proposed system at different operating conditions 

      Fig.9 depicts the efficiency which is recorded for both mode of rectifications. And it is seen that the zeta converter 

employed with diode rectifier shows 83% efficiency and on a comparative note the efficiency is increased by 2.5% 

nevertheless the input voltage remains constant. And from this it is inferred that there is no change in the input voltage and 

it wholly depends wholly on the output power which eventually be the reason for increasing the efficiency. 

 

Fig.10 Power factor at variable load current 
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Fig. 11 Comparative analysis THD spectrum of source current 

 

CONCLUSION 

The accomplishment of the proposed literature is to compare and contrast the values obtained upon matlab simulation of 

incorporating both diode and synchronous rectifiers and thereby prove that the results recorded shows synchronous rectifier 

gives the satisfactory output upon observation. 

On a note of observing the graph plotted against power and efficiency with efficiency plotted accordance with the frequency 

range 20 kHz and 40 kHz we can see that an increase in the power shows a great increase in the efficiency at 20kHz until 

a supply of 100V is given and then the value diminishes. Similarly efficiency at 40 kHz is recorded for various power 

supplies starting from initial chosen voltage to the highest voltage where we can see the efficiency ranging from a higher 

value to a lower value. 

Looking into the graph plotted using the readings obtained for diode rectifier, on a comparative study we see that the 

efficiency oscillates and power changes frequently and then come back to its initial state. A similar result is obtained for 

efficiency at 20 kHz. 

Since the written article emphases on active power factor correction methodology a graph is drawn alongside load current 

and power factor and it is observed that the curve of diode rectification is improper whereas a power factor close to unity 

is seen in synchronous rectification. 

THD spectrum also ensures that diode rectification showing a greater value in accordance with the synchronous 

rectification. 

On a concluding note, through analysis of diode and synchronous rectifier by various means it is shown that introduction 

of synchronous rectifier for ZETA converter to gives the satisfactory result. 
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