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LED lighting technology dominates the lighting market due to its long operational lifetime and excellent luminous efficiency compared 
to conventional light sources. Nowadays, several DC-DC SEPIC LED drivers have been presented because of the ongoing 
advancements in SEPIC and LED. However, the traditional SEPIC has several disadvantages: higher output current and voltage 
ripple, lower efficiency, and transferring all its energy with a higher capacitance value through the series capacitor. Therefore, this 
work deals with DC-DC SEPIC-based resonant converters with valley-fill circuits (Vfc). The proposed Vfc helps decrease the switch's 
current and voltage stress, increasing LED voltage and current ripple and enhancing efficiency. Therefore, a new resonant DC-DC 
SEPIC integrated Vfc is discussed in this work. The switch's current stress, voltage stress, LED voltage ripple, current ripple, and 
efficiency are evaluated, and these functional parameters are compared to the traditional SEPIC topology. As a result, a unique 
resonant DC-DC SEPIC integrated Vfc LED driver is developed with an efficiency of 95.6%. MATLAB/Simulink has been used to 
simulate the designed circuit for the suggested topologies. A hardware prototype is created, and the results are validated. 

1. INTRODUCTION 

Various electrical characteristics, such as low noise and 
ripple, can improve power electronic converters’ effectiveness 
and power density. To build an effective converter, switching 
frequency and electrical elements like power switches, diodes, 
inductors, and capacitors are the critical parameters. This 
study focuses on the converters utilized in applications for 
LED lighting. Various converters are offered for LED 
applications because of the growing need for LED technology. 
The focus on lighting applications has primarily focused on 
LED technology. These are five times more efficient than 
conventional lighting. As a result, they are used in various 
applications, including automotive, interior, and street 
lighting, as well as traffic signals [1,2]. Although they have 
many benefits, LEDs have a temperature sensitivity problem. 
Furthermore, because of the manufacturing process, even 
LEDs from the same box frequently exhibit differing values. 
Therefore, to guarantee a specific luminosity level, LEDs 
often require special trustworthy drivers to supply current with 
a consistent value [3–6]. 

The best converters for LED lighting applications are 
single-stage DC-DC converters [7–10]. They provide the 
simplest means of supplying electricity to LEDs and 
managing their brightness. SEPIC is implemented in this 
research work. The benefits of a SEPIC include its non-
inverted output and ability to work in a buck or boost mode. 
In addition, this provides isolation between supply and load, 
inherent inrush current limiting at overload and startup 
conditions, and reduced supply current ripple associated with 
the DCM topology [11–13]. 

For further improvement in efficiency, this research work 
offers a SEPIC with Vfc for LED application. As a result, in 
an existing resonant SEPIC, the middle capacitor is replaced 
with the Vfc [14–16]. The significant advantages of a Vfc 
are that it increases switching device performance, reduces 
the LED voltage and current ripple, and is used to reduce the 
current source ripple. The switch's current stress, supply 
current ripple and LED current ripple are further reduced by 
employing a Vfc with two capacitors and three diodes [17]. 

Compared to several resonant converter systems, the 
suggested topology provides excellent efficiency throughout 
a vast supply, LED voltages, and power levels [18–20].  

 

Additionally, it has a minimal energy storage requirement, 
enabling better transient responsiveness. Unlike traditional 
quasi and multi-resonant converters, the proposed driver 
runs at a rated frequency and duty cycle and does not need a 
bulk inductor. These features include reduced loss and 
sinusoidal resonant gating, resulting in a more minor passive 
component [21,22].  

Therefore, a new resonant DC-DC SEPIC integrated Vfc 
is developed for LED applications. The switch's voltage 
stress, current stress, supply side, load side voltage, and 
current ripple, and efficiency of the resonant SEPIC with Vfc 
LED driver are evaluated and compared to those of the 
conventional SEPIC LED driver [23–25]. The resonant DC-
DC SEPIC integrated with Vfc has higher performance 
parameters than the traditional SEPIC converter. Circuit 
designs for the considered topologies have been simulated 
with MATLAB/Simulink. 

2. RESONANT SEPIC CONVERTER 

The topology utilized here shares several topological 
similarities with the traditional SEPIC converter. Additionally, 
it requires minimal energy storage, enabling excellent transient 
responsiveness. Unlike traditional quasi and multi-resonant 
converters, the proposed converter runs at a fixed frequency and 
duty ratio and does not need a bulk inductor. 

2.1. CIRCUIT OPERATION 

A resonant switching element is the backbone of how a 
resonant converter operates. This circuit's action can be 
divided into two sub-intervals to be more easily understood. 
We can significantly simplify our model (assuming the large 
output filter behaves like a constant current source). 
Additionally, zero-voltage switching is maintained 
throughout a broad range of source and load voltages, and it 
decreases the device stress related to the converter load that 
occurs in many resonant systems. The circuit diagram of the 
resonant SEPIC is displayed in Fig. 1. 

This conventional driver works by coupling two 
subsystems. On the source side, the resonant SEPIC 
converter architecture operates as an inverter, while on the 
secondary side, a rectifier topology is used. It uses two 
resonant inductors: for resonant inversion mode, the 
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source side inductor Lf resonates using capacitance, CS+CEX, 
and for rectification mode, the second inductor Lr resonates 
with capacitance, CEX2. 

 

Fig.1 – Circuit diagram of the resonant SEPIC converter. 

To build the rectifier, assume it is powered by an output 

voltage Vout and a sinusoidal current with Iin magnitude. The 

LC circuit tank regulates voltage and attains device zero-

voltage switching (ZVS). The LC circuit operation is 

controlled to accomplish ZVS conditions and bidirectional 

operations. To achieve load voltage regulation, the circuit 

operation depends on frequency. The resonant inverter and 

resonant rectifier are two subsystems that can be connected 

to illustrate how this converter operates. This architecture's 

design procedure involves connecting the rectifier and 

inverter individually, then connecting them simultaneously, 

followed by any necessary fine-tuning to consider their non-

linear interactions.  

2.2. DESIGN EQUATION 

MATLAB/Simulink is utilized to model and simulate the 

proposed modified topology. The following formulae [17–

19] calculate the simulation parameters. Assuming the 

converter operates in discontinuous current mode (DCM) 

and all the parameters are in perfect condition, the inductor 

and capacitor expression is shown below. 

The conversion gain is  
𝑉0

𝑉𝑖𝑛
=

𝐷

1−𝐷
,   (1) 

where V0 is LED voltage, Vin is source voltage and D is duty 

ratio. 
The inductor value is 

     𝐿𝑓 =
𝐷𝑉𝑖𝑛

∆𝐼02𝑓𝑠
,   (2) 

where Lf  is source side inductor, ∆𝐼0 10 to 30% of I0 and 𝑓𝑠 
is the switching frequency. 

The output capacitor value is  

𝐶𝑠 =  
𝐷𝐼0

∆𝑉02𝑓𝑠
.                                  (3) 

The resonant inductor value is 

𝐿𝑟 =
1

16 π2𝑓𝑟
2𝐶𝑠

,   (4) 

where 𝐿𝑟 the resonant inductor, 𝐶𝑠 the middle capacitor and 

∆𝑉0 is 1 to 5% of 𝑉0. 

Resonant capacitor value is 

𝐶𝐸𝑋1 = 𝐶𝐸𝑋2 =
1

16 π2𝑓𝑠
2𝐿𝑓

.                    (5) 

where 𝐶𝐸𝑋1 and 𝐶𝐸𝑋2 are the resonant capacitors.  

The resonant frequency fr is defined as, 

𝑓𝑟 =
1

2π√𝐿𝑟𝐶EX2
.                                  (6) 

The Vfc capacitors are 

𝐶1 = 𝐶2 =
𝐼𝑜𝐷

4 ∆𝑉𝑜𝑓𝑠
,  (7) 

where, 𝐶1 = 𝐶2. 

Equations (1) to (7) are the design equations for resonant 

SEPIC with and without valley-fill circuit LED Drivers. 

2.3. SIMULATION RESULTS 

The design variables are determined by using the formulas 

depicted in subsection 2.2, and the specifications are 

displayed in Table 1. 

Table 1 

Design variables 

Design Variables  Values 

Supply voltage 12 V 

Operating frequency 30 kHz 

Duty cycle 0.67 
Capacitance (Cs and Cin) 297 pF 

Inductor (L1) 2.412 mH 

Filter capacitor 500 μF 
Resonant capacitor 397 pF 

Resonant Inductor 60 μH 

Resonant Frequency 1 MHz 
LED  24 V, 0.42 A  

 

The simulation waveforms for the resonant SEPIC LED 

driver using Matlab/Simulink are displayed below using the 

design parameters that are depicted in Table 1. 

 

Fig. 2 – Load current and current ripple waveform for resonant SEPIC 
converter. 

From Fig. 2, the obtained LED current value of the 

resonant SEPIC converter is around 0.4 A, and the ripple 

current value is around 1.06%.  

 

Fig. 3 – Load voltage and ripple voltage waveform for resonant SEPIC 
converter. 

From Fig. 3, the attained LED voltage value of the 

resonant SEPIC LED driver is around 24 V, and the ripple 

voltage value is around 0.212%.  

 

Fig. 4 – ZVS waveform for resonant SEPIC LED driver. 

From Fig. 4, the obtained switch current and voltage stress 

in the resonant SEPIC LED driver are about 3.6 A and 

39.6 V, respectively. 
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3. PROPOSED RESONANT SEPIC CONVERTER 

WITH VFC LED DRIVER 

This research paper comprehensively deals with the 

resonant SEPIC integrated with a base LED driver. This Vfc 

consists of three diodes and two capacitors, and it offers 

higher efficiency over extensive supply and LED voltage 

ranges and power levels; in contrast to several resonant 

converter systems, employing this Vfc also reduces current 

and voltage ripple and current stress across the 

semiconductor device.  

3.1. CIRCUIT DESIGNING METHODS 

The circuit diagram of the resonant SEPIC integrated Vfc 

driver is depicted in Fig. 5. Then, the design methods of the 

resonant SEPIC with Vfc LED driver are divided into three, 

which are discussed below. Based on the assumption,  
 

 

Fig. 5 – Circuit diagram of the resonant SEPIC LED driver with Vfc. 

Rectification stage. This stage is designed as a current-

driven rectifier, as shown in Fig. 6a. Based on the assumption, 

the fundamental component is expected to give the most 

output power when applying a sinusoidal supply current with 

an amplitude of Iin to the rectifier stage. The amplitude of Iin 

must be taken into consideration when tuning.  

 

     
(a) (b) 

  
(c) 

Fig. 6 – (a) Rectification stage; b) Valley fill stage; c) Inversion stage. 

Vfc stage: The middle capacitor in that resonant SEPIC 

converter is interchanged into the Vfc to create a high gain, 

reduced current ripple, supply current ripple, reduced voltage 

ripple, and decreased voltage and current stress across the 

power MOSFET. Two capacitors and three diodes comprise 

this Vfc.  

The capacitor Cs is split into two Vfc capacitors named C1 

and C2. The diodes D2 and D4 are used to discharge the 

capacitors C1 and C2 in parallel after charging them in series. 

To stop C2 from discharging through C1, diode D3 is placed. 

Simulation with a more significant load or experimental 

testing makes this effect easy to verify. This assumes that a 

lesser load will require less output current, preventing the 

charges on C1 and C2 from being considerably depleted 

quickly and causing the charging spike to be narrower than 

its counterpart for a heavier load. This Vfc is used to reduce 

LED current and LED voltage ripple.  

Inversion stage. The inverter network is shown in Fig. 6c. 

The first step in inverter tuning is choosing the right 

components. The equivalent impedance Req is to model this 

rectification stage. The primary guidelines for designing the 

inversion are to achieve ZVS for the switch and an improved 

power conversion. 

3.2. SIMULATION RESULTS 

The resonant SEPIC integrated Vfc LED driver 

specifications for the components are designed using the 

designs eq. (1) to (7), and the design variables are displayed in 

Table 2. 
Table 2 

Design Specifications 

Design Variables Values 

Source voltage 12 V 

Operating frequency 30 kHz 

Duty cycle 0.67 
Capacitance (Cs and Cin) 297 pF 

Inductor (L1) 2.412 mH 

Filter capacitor 100 μF 

Vfc capacitors 13 μF 
Resonant capacitor 397 pF 

Resonant Inductor 60 μH 

Resonant Frequency 1 MHz 
LED 24 V, 0.42 A 

 

The simulation waveforms for the resonant SEPIC integrated 

Vfc LED driver using MATLAB/Simulink are displayed below 

by the simulation parameters listed in Table 2. 

 

 

Fig. 7 – LED current and ripple current waveform of the resonant SEPIC 
Vfc LED driver. 

From Fig.7, the attained LED current value and the ripple 

current value of resonant SEPIC Vfc LED driver are around 

0.42 A and 0.98%, respectively.  

 

.   

Fig. 8 – LED voltage, ripple of the resonant SEPIC with Vfc LED driver. 

Figure 8 shows that the obtained LED voltage and the 

ripple voltage values of the resonant SEPIC Vfc LED driver 

are around 24.1 V and 0.084%, respectively.  
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Fig. 9 – ZVS waveform of the resonant SEPIC Vfc LED driver. 

From Fig. 9, the obtained switch current and voltage stress 

in the proposed SEPIC Vfc converter are about 2.2 A and 

28 V, respectively.  

4. COMPARISON WITH OTHER TOPOLOGIES 

The performance metrics of the proposed resonant SEPIC 

Vfc converter are compared with the following three 

topologies. These are conventional SEPIC LED drivers, 

conventional SEPIC LED with Vfc, and resonant SEPIC Vfc 

LED drivers. 

Table 3 

Comparison of performance parameters 

Table 4 

Stress in the switch and output diode 

 

The conventional SEPIC and SEPIC with Vfc performance 

parameters and attributes are compared to the proposed resonant 

SEPIC with Vfc. The resonant SEPIC with Vfc and the resonant 

SEPIC without Vfc are quantitatively analyzed in Tables 3 and 

4. The topologies mentioned above are simulated with a 12 V 

input voltage, and the outcomes are evaluated for more precise 

comparisons. The comparison shows that the recommended 

resonant SEPIC with Vfc LED driver offers superior 

performance in LED voltage ripple, current ripple, efficiency, 

and stress placed on the output diodes and semiconductor 

switches. Due to reduced LED current ripple, the flickering is 

also lesser. 

 

Fig. 10 – Efficiency comparison. 

Since efficiency impacts heat production and total energy 

consumption, it is crucial for DC-DC LED drivers. High-

efficiency drivers reduce power loss and improve the 

sustainability of LED lighting systems by minimizing energy 

losses during the conversion process. From Fig. 10, the 

efficiency of the proposed resonant SEPIC with Vfc is higher 

than that of the other topologies. 

 

Fig. 11 – Switch stress comparison. 

 

Fig. 12 – Diode stress comparison. 

Excessive current stress can result in overheating and 

failure, reducing the driver's overall efficiency and lifespan, 

while high voltage stress can induce breakdown. It is evident 

from Figs. 11 and 12 that the resonant SEPIC with valley fill 

LED driver has the least voltage and current stress in both 

the switch and output diode. 

5. EXPERIMENTAL SETUP 

An experimental model is implemented, and the outcomes 

are reported to demonstrate the simulation outcomes. A 

prototype of a resonant DC-DC SEPIC with a Vfc LED 

driver is developed using MOSFET, gate drivers, and 

optocoupler circuits. The resonant SEPIC with the Vfc LED 

driver output and its performance metrics are determined and 

validated. The experimental setup of the proposed driver is 

built based on the design parameters, the same as those 

displayed in Table 2. The hardware results of the suggested 

LED driver are recorded using a scope coder DL850 

(Yokogawa) for a rated power of 10 W. 
 

 

 

Fig. 13 – Experimental setup of resonant SEPIC with Vfc LED driver. 

Topology/ 

Parameters 
 Vo (V) Io (A) 

Vo  

ripple 

(%) 

Io  

ripple 

(%) 

Input 

current 

   (A) 

Input 

current 

ripple 

(%) 

 Efficiency 

(%) 

Con-SEPIC  24.5  0.42 1.59 0.24  0.85 15.7 88 

Con-SEPIC 

with Vfc   
24.2  0.43 0.93 0.13  0.86 12.7 91 

Res- 

SEPIC  
23.9  0.4 1.05 0.212  0.82 14.8 92.5 

Res-SEPIC 

with Vfc   
24.1  0.42 0.98 0.084  0.85 9.88 93.7 

Topology/ 

Parameters 

Switch 
current 

stress (A) 

Switch 
stress 

voltage (V) 

D1  
stress 

current (A) 

D1  
stress 

voltage (V) 

Con-SEPIC  5.9 46 5.7 40 

Con-SEPIC with Vfc  5.6 37 4 38 
Res- SEPIC  3.6 39.6 2.7 31.5 

Res-SEPIC with Vfc  2.2 28 1.3 25 
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The resonant SEPIC can power a 10 W LED with a Vfc 

LED driver with a voltage range of 24 V. To power the LED, 

12 V of voltage and a current of 0.42 A is required. The 

experimental setup for the projected converter and the 

relevant waveforms of the proposed resonant SEPIC with 

Vfc LED driver are displayed in Figs. 14–16. 

 

 

Fig. 14 – LED voltage waveform of resonant SEPIC with Vfc. 

From Fig. 14, the LED voltage for resonant SEPIC with 

Vfc LED driver is around 22.75 V with a ripple of 1.15 V. 

 

 

Fig. 15 – LED current waveform of resonant SEPIC with Vfc LED driver. 

From Fig. 15, the LED current of resonant SEPIC with 

Vfc LED driver is around 0.42 A with a ripple of 15 mA. 

 

 

Fig. 16 – Voltage and current stress across the switch in resonant SEPIC 

with Vfc LED driver. 

Figure 16 shows the stress voltage and current across the 

switch in the proposed LED driver, which are about 23 V and 

4.2 A, respectively. Table 5 compares the experimental and 

simulated results extensively. 

Table 5 

Comparison of simulated and experimental results 

Parameters Simulation values 
Experimentation 

values 

Switch current and voltage 28 V and 2.2 A 23 V and 4.2 A 

LED voltage (𝑉LED) 23.8 V 22.75 V 

𝑉LED ripple 0.084 % 1.15 V 

LED current (ILED) 0.41 A 0.42 A 
ILED ripple 10.8 mA 15 mA 

 

From Table 5, the proposed resonant Vfc-based converter 

ripple is within the admissible limits as per IEEE Std 1789-

2015, i.e., the proposed LED driver’s ripple current is 

15 mA, and the voltage ripple is 1.15 V.  

6. CONCLUSION 

This work presents a proposed resonant DC/DC SEPIC 

LED driver integrated with a Vfc circuit for LED driver 

applications.  

Compared to traditional DC/DC SEPIC LED drivers, this 

design significantly reduces voltage and current ripple, 

enhances efficiency, and minimizes stress on the switching 

devices. A 10 W prototype of the proposed driver operates at 

30 kHz, providing a LED voltage of 22.75 V with a ripple of 

1.75 V, a current of 0.42A with a ripple of 15 mA, and stress 

across the switch of 23V and 4.2 A.  

The system achieves an overall efficiency of 93.7%. 

Furthermore, the resonant DC/DC SEPIC with the Vfc 

circuit is highly suitable for ripple-free LED applications.  

Future research could focus on reliability predictions and 

alternative ripple cancellation algorithms for the proposed 

topology. 
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