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Abstract: The objective of this work is to introduce T- filter at 

the output side of the open loop controlled modified SEPIC 

converter system with a view to minimize the ripple voltage 

present in it. Addition of an auxiliary switch and a clamped 

capacitor to the conventional SEPIC converter makes it possible 

to obtain the soft switching operation. The converter system is 

simulated and the results are compared with the C-filter. The 

hardware is engineered and tested. Comparative results indicate 

that the T-filter has resulted in minimizing the input current and 

output voltage ripple. This will improve the life of the battery 

load at the output. 

Key words: C-filter, Matlab Simulink., Output Voltage Ripple 

(OVR), Single Ended Primary Inductor Converter (SEPIC), T-

filter, Zero Voltage Switching (ZVS). 

1. Introduction 

Requirement of very high step-up voltage gain in 

applications such as power factor correction [1-6], renewable 

energy systems in particular Photo Voltaic modules (PV) [7-10], 

electric vehicles [11-12], high brightness Light Emitting Diode 

(LED) applications [13-14], distribution generation systems 

(DG) [15] and battery back-up systems for Uninterruptible 

Power Supplies (UPS) [16] necessitate the development of 

highly efficient DC-DC step-up converters. The two major 

pitfalls in a conventional boost converter such as the severe 

degradation in voltage conversion ability due to the presence of 

parasitic resistances at its extreme duty cycle operation and the 

requirement of a snubber circuit to alleviate the reverse-

recovery problem which is primarily because of the use of high 

rated components prohibits its use in the afore-mentioned 

applications [17-18].  

For high step-up applications defining the topology of 

high efficiency converter becomes crucial due to the operation 

with high input current/output voltage and hence a careful 

analysis have to be made [19]. It is very difficult to achieve 

simultaneously high efficiency and step-up ratio in practice [16, 

19, 20]. Several step-up converter topologies have been 

proposed in the literature to ensure high efficiency and DC 

voltage. An excellent and authoritative review of the most 

recent non-isolated high step-up DC-DC converters for PV grid 

connected systems in presented in [18]. Based on the circuit 

structure various state-of-the-art high step-up topologies are 

categorized and summarized. Key issues have been addressed in 

[18] and a conceptual solution is proposed to derive the next 

generation topologies for PV systems. Voltage multiplier cells 

in collaboration with classical non-isolated DC-DC converters 

are introduced in [19] to raise the voltage gain.  

Many works have been reported in the literature with 

regard to the achievement of stepless voltage gain and these can 

be broadly categorized under two headings: Magnetic based 

converter which include Switched Inductor (SI) technique and 

non-magnetic converters such as cascaded, Switched Capacitor 

(SC) and Voltage Lift (VL) techniques [19-21]. Enhancement in 

the voltage gain is possible by adjusting properly the turns ratio 

of the coupled inductor which can serve as a transformer. 

However this may cause an increase in the input current ripple 

thereby resulting in the requirement of more input filter. Though 

compact and high power density can be achieved in 

transformerless converter (i.e. SC techniques used for boost 

operation without high duty ratio) requirement of more switches 

than magnetic based converters limits their usage. The operation 

of the converter at high frequency permits a reduction in the 

volume/weight but with the penalty of increased switching 

losses and deterioration in system efficiency [22]. To alleviate 

this soft-switching techniques such as Zero Voltage Switching 

(ZVS) and Zero Current Switching (ZCS) have been introduced 
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[1, 12, 22-24]. Active or passive clamp circuits can release the 

switching losses and hence high converter efficiency is achieved 

but at the expense of circuit complexity [22].  

Minimizing input current ripple in a DC-DC converter 

is a prime requirement as it might lower the lifetime of the low 

voltage sources such as batteries, fuel cells etc., which are used 

to provide sufficient dc voltage for generating ac utility voltage 

in renewable energy systems [21]. As input ripple current is 

inversely proportional to the inductor value and through careful 

design of input filter i.e., by choosing higher inductor value, the 

input current can be suppressed. On the other hand, the basic 

requirements of the converter such as the weight/size cannot be 

met [22]. Deterioration of the input power supply quality due to 

high input current ripples especially in large current applications 

is a major concern and Interleaved parallel Boost Converter 

(IBC) structure is adopted to minimize the ripples. As 

interleaved structure distributes the input current according to 

each phase and decreases the current rating of the switching 

device, reduction in passive components size and improvement 

in transient response is achieved. Extensive studies with 

different topologies for minimizing the ripples with IBC have 

been found in the literature [18, 22, 24-26]. In [26] without the 

need of additional switches and by adopting a resonant soft-

switching method, experimental investigation of a highly 

efficient IBC is proposed for PV systems. At resonance switch 

voltage is eliminated with the optimal design of resonant 

components and interleaved structure is exploited for boost 

operation. However, requirement of two or more boost cells in 

interleaved structure for the elimination of input-current 

harmonic content makes the control circuit complex and also it 

is said to be non-cost effective [27].  

Several converters with coupling concepts and ripple 

steering mechanism have been proposed to achieve ripple-free 

input current [6, 24, 27-32]. Very low levels of input current 

ripple with careful magnetic design is possible but an output 

filter requirement is inevitable to alleviate the problems due to 

the existence of non-pulsating output current in the modified 

boost topologies presented in [27]. Experimental investigation 

of a highly efficient soft-switching SEPIC converter with ripple 

free input current is proposed in [28]. A modified boost 

converter using coupled inductor to achieve small size, weight, 

volume and zero-ripple input current proposed in [28] is 

analyzed experimentally and compared with the traditional 

boost converters for a boost application. Real-time 

implementation of a new full-wave rectifier that is integrated 

with a classic current fed converter to realize the voltage 

boosting function by using smaller turns ratio of transformer is 

presented in [29]. An in-built current ripple cancellation 

mechanism provided in [29] keeps the output current of the 

proposed rectifier continuous which makes it suitable for high 

voltage gain applications and also to alleviate the problems 

caused by the parasitic components in a transformer due to the 

use of large turns ratio for realizing voltage boosting function in 

a voltage-fed converter. For use in high current applications a 

tapped inductor boost converter with a small capacitor is 

described in [30] to reduce the input current ripple in all power 

ranges without introducing EMI and reverse recovery problems. 

Bridgeless boost converters are used because of reduced input 

current ripple, but bulk energy storage elements are needed to 

suppress the input current [2, 6, 28, 33]. An auxiliary circuit 

consisting of three passive components is utilized in a bridgeless 

SEPIC converter proposed in [28] to produce ripple-free current.  

For synchronizing the renewable energy with the grid 

and for controlling the speed of adjustable motors the quality of 

the output DC voltage of the converter must be given prime 

importance and the superiority in the performance of DC-DC 

converters in these applications is achieved, if the Output 

Voltage Ripple (OVR) is maintained within specified limits. 

Several authors in the literature have devised new topologies 

and control strategies to decrease the OVR [34-37]. Although 

these methods have some significant features such as reduced 

stresses and continuous output current, the cost, control system 

complexity, limited range of the step-up voltage ratio, Electro 

Magnetic Interference (EMI) problem due to the use of more 

energy storage elements restricts their usage [34]. In [35] design 

of  the energy storage elements is been made in such a way that 

without using any modern control method/strategy which can 

cause intricacies, the value of OVR can be maintained at a 

specified level. Sparks that might ignite explosive gases will be 

produced by the converter power supply elements and hence 

their correct choice is very much crucial in the optimal design 

and realization of power converters used in mines and refineries. 

In [36] design consideration of power supply elements which 

can guarantee the lowest OVR to meet the anti-explosive 

requirements is presented for a buck-boost converter. Energy 

transmission process and classification of the operating modes 

of a SEPIC converter based on the inductance is experimentally 

analyzed in [37]. Minimum inductance to guarantee the OVR to 

be the lowest obtained in [37], which can be specified to meet 

more requirements/serious challenges on intrinsic safety. By 

employing a non-linear feedback strategy that uses a LCL 

output filter topology instead of LC filter, a reliable cost-

effective, compact power converter feeding down-stream 

electronic loads is presented in [38] to suppress the unwanted 

high frequency ripple components that might arise due to 

switching of power devices. Experimental investigation of a 2D 

converter proposed in [39] that always operate inherently in 

CCM and has the additional feature of non-pulsating current 

resulted in the simultaneous reduction of OVR and current stress 

on the output capacitor. Besides achieving high voltage 

conversion ratio stabilized output DC voltage is also generated 

in [39] for use in portable devices. 

Motivated by the encouraging results shown in [22], 

the aim of this paper is to make a comparison between C and T-

filters of an open loop controlled modified SEPIC converter 

systems with regard to reduction in ripple voltage. Simulation 

studies have been carried out extensively and experimental 

results indicate that the T-filter has resulted in minimizing the 

output current and output voltage ripple. 

The organization of the paper is as follows: After a 

brief introduction in section 1, the operation of ZVS resonant 

converter proposed in [22] is described in section 2 and three 
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modes of operation of ZVS resonant converter are also 

presented in section 2. Simulation results of open loop controller 

SEPIC converter system with C and T-filters are presented in 

section 3. Experimental investigation of the converter is 

provided in section 4. The conclusion drawn from the 

simulation and experimental results are given in section 5. 

 
 

Fig. 1 (a) Block Diagram of Existing System 

 

The block diagram of the existing system is shown in Fig.1 

(a). The block diagram of the system with T- filter shown in 

Fig.1 (b). 

 

 
  

Fig. 1 (b) Block Diagram of Proposed System 

 

The output of PV system is stepped up using a SEPIC. The 

ripple in the output of SSSEPIC is filtered using a C-filter. The 

block diagram of the proposed system is shown in Fig 1 (b). 

Basic SEPIC is replaced by soft switched SEPIC control circuit 

and it is realized using driver circuit to amplify the pulses 

produced by PIC. The C-filter is replaced by T-filter. 

2. Operation of ZVS Resonant Converter [22] 
(Adapted from Hyun-Lark Do IEEE Trans. on Power Electronics, 

vol. 27, no. 6, June 2012) 

 

Different versions of classical SEPIC converter are 

highlighted in the literature.  Fig. 2 (a) represents separate 

inductor version whereas Fig. 2 (b) refers to ripple- free SEPIC 

converter with a loosely coupled inductor Lc. In Fig. 2 (b) 

replacing separate inductor L1 and L2 by a single magnetic 

component i.e a loosely coupled inductor Lc with leakage 

inductances Llk1 and Llk2 respectively a ripple-free input current 

is achieved. Leakage inductances are inevitable and the ripple- 

free conduction is related to leakage inductance Llk2 and not on 

Llk1. It is also dependent on magnetizing inductance and the 

turns ratio. As ripple free input current is related to Llk2, an 

additional inductor La replaced it and the tightly coupled 

inductor version is shown in Fig. 2 (c) Fig. 2 (d) shows the 

circuit diagram of soft switching ripple free SEPIC converter 

proposed by Hyun- Lark Do [22]. In the converter, Lr resonant 

inductor, clamp circuit with auxiliary switch Sa and clamp 

capacitor are added to the classical SEPIC converter which is 

shown in Fig. 2 (a). The equivalent circuit of the SEPIC 

converter is shown in Fig. 2 (e) in which Lc is modeled as 

magnetic inductor Lm and an ideal transformer with turns ratio 

1: n. The diodes Da and Dm are used for freewheeling purpose 

that are coupled across the auxiliary switch Sa and the main 

switch Sm. Ca and Cm represents the internal capacitances and 

asymmetrically the switches Sa and Sm are operated. Voltage 

ripple can be ignored by assuming larger values of the 

capacitors C1, Co and Cc.  

 

 

Fig. 2 (a) Conventional SEPIC Converter. 

 

 

Fig. 2 (b) Ripple-Free SEPIC Converter with a Loosely 

Coupled Inductor. 

 

 

Fig. 2 (c) Ripple-Free SEPIC Converter with a Tightly 

Coupled Inductor. 

 

 

Fig. 2 (d) Soft-Switching Ripple-Free SEPIC Converter 

2.1 Modes of Operation 

The circuit operation is divided into three modes and is 

explained in detail in this section. 

 

 Fig. 2 (e) Equivalent Circuit of the SSSEPIC Converter 
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2.1.1 Mode-I 

In this mode, the switch Sm is turned on. The current 

through Lc and Lm increases linearly and the energy is stored in 

them. The current through C1, Lr and Co charges the capacitor 

Co. When the current reaches zero, the diode Do gets turned off. 

 

 
Fig. 2 (f) Mode-I 

 

2.1.2 Mode-II 

The switch Sm is turned off and the switch Sa is turned on. 

The energy in the inductor Lc is transferred to the capacitor Cc. 

 
Fig. 2 (g) Mode-II 

 

  2.1.3 Mode-III  

In this mode, both the switches are turned off. The energy 

stored in the capacitor Co drives current through the load. The 

voltage across Co decreases exponentially. 

 
Fig. 2 (h) Mode-III 

3.  SIMULATION RESULTS 

3.1 SIMULATION RESULTS WITH C- FILTER 

    The circuit of SEPIC converter with capacitor filter is 

shown in Fig. 3.1 (a). The DC input voltage is shown in Fig. 3.1 

(b) and its value is 48V. The ripple in the input current is shown 

in Fig. 3.1 (c). The peak to peak ripple is 3A. The drain to 

source voltage and switching pulses are shown in Fig. 3.1 (d). 

The output voltage of the SEPIC converter is shown in Fig. 3.1 

(e) and its value is 200V. The ripple in the output voltage is 

shown in Fig. 3.1 (f). The output current and the output power 

are shown in Fig. 3.1 (g) and Fig 3.1 (h) respectively. The 

output power is 80 watts. The parameters used for simulation 

study are listed in Table-I. 

Fig.  3.1 (a) SEPIC Converter with C-Filter 

TABLE-I 

Parameters Used for Simulation Study 

Parameters Value 

L 1.1µH 

C1 6.6µF 

C2 50 µF 

C 10nF 

L2 35 µH 

R 500Ω 

 

 

Fig. 3.1 (b) DC Input Voltage 

 

Fig. 3.1 (c) Ripple in Input Current  

 

Fig. 3.1 (d) Drain to Source Voltage and Switching Pulses 

for MOSFET 
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Fig. 3.1 (e) DC Output Voltage with C-Filter 

 

Fig. 3.1 (f) Ripple Voltage with C-Filter 

 

Fig. 3.1 (g) Output Current with C-Filter 

 

Fig. 3.1 (h) Output Power with C-Filter  

3.2 SIMULATION RESULTS WITH T-FILTER 

       The SEPIC converter system with T-filter is shown in 

Fig. 3.2 (a). The C-filter in the original circuit is replaced by a 

T- filter. The input voltage is shown in Fig. 3.2 (b). The ripple in 

the input is shown in Fig. 3.2 (c). The output voltage and 

switching pulse of MOSFET is shown in Fig. 3.2 (d). The 

output voltage, output current and output power are shown in 

Fig. 3.2 (e), 3.2 (f), 3.2 (g) respectively. The output voltage is 

200V, the output current is 0.4A and the output power is 80W. 

The zoomed view of output voltage is shown in Fig. 3.2 (h). The 

ripple in the output reduces to 0.05V. 

  

 

Fig. 3.2 (a) SEPIC Converter System with T-Filter 

 

Fig. 3.2 (b) Input Voltage 

 

Fig. 3.2 (c) Ripple in Input Current 

 

Fig. 3.2 (d) Drain to Source Voltage and Switching Pulses 

of MOSFET 

 

Fig. 3.2 (e) Output Voltage with T-Filter 
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Fig. 3.2 (f) Output Current with T-Filter 

 

Fig. 3.2 (g) Output Power with T-Filter 

 

Fig. 3.2 (h) Zoomed View of Output Voltage with T-Filter 

4.  Experimental Results 

The hardware for the modified SEPIC converter is 

fabricated and tested in the laboratory. The hardware involves 

control board, PV panel, rectifier board and load which is shown 

in Fig. 4 (a).The input voltage of the solar system is shown in 

Fig. 4 (b). The switching pulses given to the main switch are 

shown in Fig. 4 (c).  The DC output voltage of the SEPIC 

converter is shown in Fig. 4 (d). 

 

 

Fig. 4 (a) Hardware Set-up 

 

 

Fig. 4 (b) Input Voltage of the Solar System 

 

Fig. 4 (c) Switching Pulse for M1, M2 

 

Fig. 4 (d) DC Output Voltage of the SEPIC Converter 

5.  Conclusion 

The SEPIC converter is designed, modeled and simulated 

successfully using MATLAB. The results with C-filter and T-

filter are presented in this paper. The advantage of the proposed 

system is reduced ripple. The disadvantage of the proposed 

converter is that it requires an additional switch, coupled 

inductor and capacitor. The hardware is engineered and tested. 

The experimental results match with the simulation results. The 

scope of the present work is simulation and implementation of 

open loop controlled SEPIC converter system. The closed loop 

system will be investigated in future.  

 

Nomenclature 

SSSEPIC Soft Switched Single Ended Primary Inductor 

Converter 

SEPIC Single Ended Primary Inductor Converter 

PIC Programmable Interrupt Controller 

C-Filter Capacitor Input Filter  

ZVS Zero Voltage Switching 

ZCS Zero Current Switching 

EMI Electro Magnetic Interference 

OVR Output Voltage Ripple 

L1, L2   Separate inductor 

Lc  Loosely coupled inductor 

La   Additional inductor 

Llk1, Llk2   Leakage inductor 

Lr           Resonant inductor 

Sm, Sa  Main switch and auxiliary switch 

Dm, Da  Main switch and auxiliary switch diode 

Cm, Ca  Capacitance of main and auxiliary switch 

Co, Cc   Output and clamp capacitor 

RL   Load resistance 
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