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Abstract— This paper proposes a new circuit topology of high 
frequency switching DC-DC Series Parallel Loaded Resonant 
Converter (SPLRC) at 120 KHz. The circuit is used for a wireless 
power transmission application that requires a fast-charging 
operation. The purposed circuit that used a series parallel loaded 
technique is transformed into a different equivalent circuit for 
mathematical analysis that efficiently analyses the operation of the 
circuit in AC and DC modes. For each equivalent circuit, the 
operation is described and explained. A full detailed circuit 
calculation using Matlab R2018A is then carried out to determine 
the purpose converter components' value. Psim software is used to 
prove the model's validity further. Both computer-based 
simulations were used to capture the resulting waveform. Initially, 
the simulation result waveform is captured by using PSIM and 
then send to Matlab R2018A to plot better. The proposed circuit 
is fabricated based on the simulation result, and actual 
experimentation is made. Then a comparison between lab test 
results and simulations had been made to verify the accuracy of 
the proposed circuit operation. Furthermore, the targeted 600 W 
output power can be considered high for a lower voltage input of 
24 V, thus, resulting in the resonant tank components value than 
available in the market. Therefore, the percent error between lab 
test and simulation is 2.6316% for voltage output. The lower value 
of output power produces more accurate results rather than the 
higher value of output power. Most of the components are using 
low-cost and commercially available in the market. All the finding 
is explained and discussed from the simulation result, it is 
confirmed that a high-frequency switching circuit is operated as 
expected. 

Index Terms—DC-DC Converter, SPLRC, MOSFET, Matlab 
R2018A, Psim, Resonant Converter 

I. INTRODUCTION

OWADAYS,  a high-frequency driver in wireless power 
transfer, has been widely used, especially since the advent 

of amplitude-modulated radio in the early 20th century 
Nevertheless, due to friction contacts, conventional conductive 
power interfaces affect the traditional conductive power 
efficiency of devices and restrict their use or render them 
unacceptable[1]. 

An efficient wireless power transfer method would enable 
advancements in various fields, including embedded 
computing, mobile computing, sensor networks, and micro 
robotics[2]. Typically, in wireless power transmission, the 
signal's frequency must be higher than the standard 50Hz. In an 
electrical transmission system, it raises series impedance. As a 
result of the reduced power transfer capabilities, thus, unable to 
realize the benefits of the transmission system. Most hard 
switching converters are inefficient, with bulky magnetics 
resulting in a low switching frequency[3]. It appears that high 
power losses are caused by high switching techniques[4]. Since 
hard-switching requires switching on and off with the full load 
current, it is prone to high switching losses in DC-DC 
converters.  

Nonetheless, switches in soft-switching resonant DC-DC 
converters turn on and off only when the voltage across or 
current through them is zero, thereby minimizing or eliminating 
switching losses[5]. Resonant converters are increasing steadily 
with a quicker transient response due to the benefits of smaller 
size and lighter weight[6]. Furthermore, resonant converters are 
ideal candidates to achieve zero current switchings (ZCS)[7]. 
Previous researchers proposed a different technique and 
approach as a solution to the problem. This paper will primarily 
focus on the development of an advanced power converter for 
wireless power transfer focusing on switching frequency of 120 
kHz and voltage output. The proposed driver comprises a high-
frequency DC-AC converter with a design example of a 240 V 
supply and a 24 V DC input produced by an adapter. In general, 
the energy dissipation in a power inverter increases as the 
operating frequency increases[8]. Following that, an AC to DC 
converter with a switching frequency of 120k Hz and a 19 V 
output voltage with a power output converter of 600 W will be 
used as the second stage[9]. This output voltage level is targeted 
because the output of this project will be used as the source 
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input for other devices such as laptops with higher output power 
or power amplifier. As a result, an advanced DC to AC 
converter topology for the transmitter side and an AC to DC 
converter topology for the receiver side will be designed.  

A switching technique is very important to control the 
output produced. Some switching methods can produce a 
desired waveform of the converter, although, it may contain 
many harmonics which is not good for electronic devices. 3 
major methods exist in resonant converters such as series 
resonant converter, parallel resonant converter, and series 
parallel resonant converter. Series resonant converter 
performance is not controllable at light load and zero loads. It 
is also insensitive to input voltage levels for a fixed output 
voltage and current. The parallel resonant converter is a load-
sensitive resonant current that implies poor part-load efficiency 
and is also unfit for high output voltages as the off-state 
voltages of the rectifier exceed voltage output. To solve the 
limitation from both series and parallel resonant converter, thus, 
series parallel resonant converter techniques were used since 
they had more advantages than others such as the filter capacitor 
ripple current controlled by appropriate choice of the filter 
inductor, and therefore the circuit is suitable for high output 
applications. Takes on the characteristics of a parallel-load 
converter, most importantly that the output voltage may be 
regulated at a light and no load.  

Power MOSFET is used in high switching applications such 
as switch-mode power supplies (SMPS), brushless DC motor 
(BLDM) drives solid state relay, automobile applications, etc. 
[10]. This paper focused on a high-speed switching circuit that 
used a high capacity gate and a low voltage value MOSFET, 
both commercially available with goals to develop and design 
a high-frequency MOSFET driver capable of driving MOSFET, 
primarily in class E configurations. Class-E switching power 
amplifiers have fewer components than other power amplifiers, 
resulting in high reliability[11]. In addition, the proposed high-
speed switching circuit will be developed and tested for 
wireless power transfer applications. 

II. DESIGN OF THE CONVERTER 
AC analysis or fundamental frequency analysis (FFA) is 

the most popular, simple, and effective method of analyzing 
DC-DC resonant converters [4]. In this method, energy transfer 
from the source to the load is normally assumed to be 
contributed only by the fundamental component. Furthermore, 
the harmonics are neglected. Though this method is 
approximate and inaccurate, it is preferred due to its simplicity, 
the lesser computation time for solving, and practical ease of 
implementation. Hence, researchers continue to use this 
method for analyzing resonant converters [4], [5]. In this 
paper, coil design is not considered. Essentially, different 
mutual inductances, M, with a comparable coil structure, can 
be achieved while conserving the same coupling coefficient, 
k[12]. 

The assumption made for the converter: 

1. All the diodes and switches are ideal, and 
switches communicate linearly. 

2. The passive components behave linearly. 

3. All resonant components and filter capacitors 
assumed lossless. 

The converter used by following the specifications of 240 V 
supply, 24 V DC input, 120k Hz switching frequency, 500µ F  
DC link capacitor, 500µ F output capacitor, with 1µ H output 
inductor and expected output power of 600 W with 19 V 
voltage output. This paper focused on the switching frequency 
and the output voltage produced. WPT is used as the proposed 
application only and not included in this paper. The power 
switches that are used for the converter are MOSFETs.   

 

 
Fig.  1: Block diagram of the proposed converter 

 

Fig. 2 shows the schematic converter of DC-DC SPLRC 
for wireless power transmission. The design of a resonant 
converter often starts by designing the resonant network. There 
are three main parts for the proposed converter which is 
switching network (square wave generator), resonant tank 
network, and rectifier network. The resonant network will 
filter the higher harmonic currents, which helps to produce a 
sinusoidal current to flow through the resonant network.  

 

 
Fig.  2: Simulation for proposed converter using SPLRC. 

 
The fundamental frequency equivalent circuit method as 

shown in Fig. 3 were used to determine the possible value for 
the proposed circuit. The sinusoidal input voltage has an 
amplitude  2𝑉𝑉𝑉𝑉𝑉𝑉

𝜋𝜋
 , and the voltage-fed rectifier is substituted 

with an effective input resistance Reff =
𝜋𝜋2𝑅𝑅
8

, which is as same 
as the parallel resonant converter.  
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Fig.  3: Fundamental frequency equivalent circuit for the half-
bridge of SPLRC. 
  
Resonant frequency, ωo: 
 

𝜔𝜔𝑜𝑜 =
1

�𝐿𝐿𝑠𝑠𝐶𝐶𝑠𝑠
=
𝜔𝜔𝑠𝑠
𝜔𝜔𝑉𝑉

  
(3)       

 
• Ls = Inductor series of a resonant tank 
• Cs = Capacitor series of a resonant tank  
• ωs = Switching frequency 

 
 
Where normalized frequency, ωn: 
 

𝜔𝜔𝑉𝑉 =  
𝜔𝜔𝑠𝑠
𝜔𝜔𝑜𝑜

  
(4)       

 
The quality factor, Q, of the SPLRC: 

𝑄𝑄 =
𝜔𝜔𝑜𝑜𝐿𝐿𝑠𝑠
𝑅𝑅𝑙𝑙

  
(5)       

 
As component stresses are directly a function of Q, the value 
of Q should be chosen as low as possible. 
 

|
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(6)       

  
Fig. 4-Fig. 6, gain versus normalized frequency, for 

SPLRC when the value of Cp/Cs = 0.5,1,2 which can be used 
as the quality factor to design the proposed converter. Thus, 
the proposed design's normalized frequency value, ωn, from 
(4) can be obtained from the converter's gain value. The 
converter value gain obtained is 0.7 by using the 24 V, voltage 
input and 19 V, voltage output. Since the value of gain for the 
converter is 0.7, the value for ωn is 1.6037 for Q = 0.5, as 
shown in Fig. 7. The lower value of Q corresponds to light load 
condition and higher value for full load condition. The voltage-
gain characteristics are important in resonant converter 
analysis because they help determine the operating region and 
the values of each resonant feature of the LCC[13].  
 

 
Fig.  4: Gain Curve for SPLRC when Cp/Cs = 0.5. 

 

 
Fig.  5: Gain Curve for SPLRC when Cp/Cs = 1. 

 
 

 
Fig.  6: Gain Curve for SPLRC when Cp/Cs = 2. 
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Fig.  7: Gain Curve for SPLRC when Cp/Cs = 0.5. 

 

III. RESULTS AND DISCUSSION 
This section represents the simulation of the proposed 

SPLRC. Fig. 9 shows the experimental simulation by using 
Psim with 24V DC supply at 50 Hz. In this study, a half-bridge 
of LCC type loaded resonant converter had been implemented. 
LCC type is shown as Fig. 2 at resonant tank network which 
one inductor was series to one capacitor and then parallel by 
one capacitor. The simulation work on suggested SPLRC is 
performed using 120k Hz of switching frequency, fs. The value 
of Q is 0.5 with ωn of 1.6037, as stated in the previous section. 
The components value for the design was calculated by using 
Matlab R2018A as well as experimental components values 
are listed in Table I. Matlab is used to calculate by using the 
formula stated in Part II to obtain the actual value for the 
converter but due to the current market, the components value 
used for PSIM simulation and experimental at the laboratory 
is adjusted as stated in Table I. There is two part for 
components value used in Table I which are calculated for 
Matlab and simulation values for PSIM and experimental. The 
comparison of the results is between PSIM simulation and 
experimental as Table II stated. 

 
 

 
Fig.  8: Simulation circuit of SPLRC by using Psim 

 
Firstly, the driver for the half-bridge rectifier was 

constructed to meet the required switching frequency of 120 
kHz, as shown in Fig. 10. There is 3 part for this driver which 

are CD4046, HEF4049BP, and IR2110. The signal illustrated 
for the two MOSFETs used was proved by the signal shown in 
Fig.  11. 

 
Fig.  9: Circuit Driver for Half-Bridge Rectifier 

 
TABLE I 

COMPONENTS VALUE OF THE CONVERTER FROM CALCULATION AND 
SIMULATION 

Parameter  CALCULATED Simulation  

Supply Voltage, Vs 240 V 240V 
Voltage Input, Vin 24 V 24V 

Voltage Output, Vo 19 V 19V 
Power Output, Po 600 W 600W 
Quality Factor, Q 0.5 0.5 
Switching Frequency, fS 120000 Hz 120000 Hz 
Switching Frequency, ΩS 753.982 k rad/sec 753.982 k rad/sec 
Gain, M 0.79167 0.79167 
Normalized Frequency, Ωn 1.6037 rad/sec 1.6037 rad/sec 
Load Resistor, R 0.60167 Ω 0.5 Ω 
Effective Input Resistance, Re 0.74228 Ω - 
Resonant Frequency, ΩO 470.152 k rad/sec - 
Capacitor Series, Cs 0.1452 µF 210nF 
Capacitor Parallel, Cp 0.7258 µF 180nF 

Inductor Series, Ls 0.7894 µH 1.36µH 
Capacitor Output, Co 500 µF 500 µF 
DC-Link Capacitor, CDC 500 µF 500 µF 

 
A straightforward technique to understand resonant 

topologies' characteristics is by looking at their gain curve plot, 
as discussed in part II. The curves show that the controller will 
not regulate the output voltage if the resonant converter 
operates above the resonant frequency (the right side of the 
gain curve). The curves also imply that Q decreases as the load 
increases. The gain curve becomes flat, and, hence, major 
frequency modifications are expected to ensure the desired 
output voltage. Therefore, open circuit control is unlikely even 
if there is no resonant peak or selectivity. The high Q value is 
desirable to achieve better control in the series resonant 
converter. The trade-off, however, is that if Q is too high, then 
the output control mechanism becomes non-linear. The minor 
shift in the switching frequency will produce a significant 
change in the output voltage, and the operating frequency also 
could be shifted quite near to the resonant peak by the circuit. 
The condition destabilizes the power supply in turn. 
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a) High side input for MOSFET 1 

 
b) Low side input for MOSFET 2 

Fig.  10: Simulation for switching frequency of two 
MOSFETs 

 

As shown in Fig. 10, the simulation waveform was 
obtained for two MOSFETs of the high side and low side by 
using a 120 kHz switching frequency. The simulation can be 
proven successfully as the experimental result shows that the 
same waveform for switching frequency as shown in Fig. 11 
with a dead time of 80 ns. Ideally, the dead time for switching 
frequency is 50 ns but depends on the switching frequency 
used.  

 

 
Fig.  11: Signal for high side input (Hin) and low side input 
(Lin) from MOSFET Driver 

 

Fig. 11 depicts the conditioned ON and OFF signal 
between the two MOSFETs as shown in Fig. 9 and compared 

to the simulation results as shown in Fig. 10. When G1, for 
high side MOSFET, is On, G2, for low side MOSFET, will be 
in an OFF state. Thus the resonant current Ixy, naturally falls to 
zero and the component D1 may be switched off whilst the 
anti-parallel D1 diode is conducting due to the resonant current 
Ixy, being negative and G2 is yet to be turned on. The turn-off 
loss is zero and there are no abrupt voltage and current 
changes. This is known as Zero-Current-Switching (ZCS). 
However, the transistor turn-on is similar to in conventional 
square wave converter. The transistor's turn-off condition is 
similar to the conventional square wave converter as the loss 
exists during turn-off in switching devices.  

In Fig. 13, the square wave will be injected into the 
resonant network labeled as Vxy. Based on Fig. 12, the voltage 
and current overlap thus hard switching occurs when the 
transistor is on and off state. Since the resonance factor 
occurred, the square wave was automatically converted into 
the sinusoidal waveform when entering the resonant network. 
Then, the primary current that flows through the resonant tank 
will also be in sinusoidal type. After the resonant tank, the 
current will be rectified to get DC output.  

 

 
Fig.  12: Resonant tank voltage, Vxy, and current, Ixy. 

 

 
Fig.  13: Experimental result for resonant tank voltage, Vxy, 
signal.  

 

The converter will work with a very low Q to avoid the 
non-linear gain curve characteristics, so the curve should be 
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flat at almost any frequency, as reported in Fig. 14. Even more 
observation of Fig. 14 poses the issue of regulating the output 
voltage. Thus, the proposed design solves the problem of 
controlling the output when the voltage stays the same at either 
frequency. A parallel capacitor is placed after a series of 
inductors and capacitors at a resonant tank. To control the 
output voltage, the filter capacitor ripples current is governed 
by the appropriate choice of the filter inductor. Therefore the 
circuit is suitable for low output applications, as shown in Fig. 
15. It takes on a parallel-load converter's characteristics, most 
notably that the output voltage may be regulated at the light and 
no load. In the case of the two switches or MOSFET operating 
above the resonant frequency,  Fo, the resonant tank, now acts 
as inductive impedance resulting in the resonant current, Ixy 
lags the resonant voltage, Vxy, as illustrated in Fig. 12. 

 

 
Fig.  14: Output Voltage 

 
Fig.  15: Output Current 

In this paper, the research focused on the switching 
frequency and the output voltage. The results of simulation of 
SPLRC using simulation and experimentally shown as Table 
II for voltage output and current output. The percent error 
between simulation and experimental voltage output is 
2.6316% since the value used between simulations and 
experimental is different. Previous researchers stated that 
when the total transmission power to the main and auxiliary 
batteries was 1100 W, the greatest percentage errors in 
transmission power and resonant circuit loss were 7.2% and 
0.8%, respectively, in Primary-side Coupled Mode[14]. As 
detailed in the table, the current output shows the wide gap 
between simulation and experimental. The actual output of the 
current is 31.579 A by using the ohms law equation. Since the 

value for the components was adjusted, the current produced 
by the proposed converter is 1.1736 A (simulation) and 0.037 
A (experimental) as shown in Table II. Current output cannot 
be identified properly due to the lack of equipment at the 
laboratory. Future work may be done appropriately by using a 
current probe to improve the result on the current output. 

 
TABLE II 

RESULTS OF THE SIMULATION AND EXPERIMENTAL 

Parameter SIMULATION  Experimental 

Voltage output, Vo 19V 18.5V 
Current output, Io 1.1736A 0.037A 

 

IV. CONCLUSION 
Each constituent of a half-bridge series-parallel loaded 

resonant converter was collected and examined. The simulation 
and experiment outcomes were similar, according to the findings 
based on switching frequency and voltage output. The output 
voltage deviates by 0.5% lower than the expected result of 19 V. 
As a result of the findings, it is possible to conclude that this 
study effectively designed and produced a half-bridge series-
parallel loaded resonant converter according to the proposed 
objectives. Further work is required to compare the theoretical 
and simulation results with practical results to confirm the circuit 
operation and analysis while developing more into WPT to 
produced better output results. Other possible research work will 
be studied including the alternative circuit configurations such 
as full-bridge switching configuration rather than the half-
bridge, the closed-loop control, and the efficient method for 
reducing the output ripple while taking the preeminent potential 
output for current as well as LLC type of resonant network. 
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