
International Journal of Power Electronics and Drive System (IJPEDS) 

Vol. 8, No. 3, September 2017, pp. 1184~1192 

ISSN: 2088-8694, DOI: 10.11591/ijpeds.v8i3.pp1184-1192      1184 

  

Journal homepage: http://iaesjournal.com/online/index.php/IJPEDS 

Phase-shifted Series Resonant Converter with Zero Voltage 

Switching Turn-on and Variable Frequency Control 
 

 

Mohamed Salem
1
, Awang Jusoh

2
, Nik Rumzi Nik Idris

3
, Tole Sutikno

4
, Yonis. M. Yonis Buswig

5
 

1,2,3 Faculty of Electrical Engineering, Universiti Teknologi Malaysia, 81300 Skudai, Malaysia 
4 Department of Electrical Engineering, Universitas Ahmad Dahlan, Indonesia 

5 Department of Electrical and Electronic Engineering, Universiti Malaysia Sarawak (UNIMAS) Sarawak, Malaysia 

 

 

Article Info  ABSTRACT 

Article history: 

Received May 23, 2017 

Revised Jul 30, 2017 

Accepted Aug 18, 2017 

 

 This paper presents a phase shifted series resonant converter with step up 

high frequency transformer to achieve the functions of high output voltage, 

high power density and wide range of Zero Voltage Switching (ZVS). In this 

approach, the output voltage is controlled by varying the switching 

frequency. The controller has been designed to achieve a good stability under 

different load conditions. The converter will react to the load variation by 

varying its switching frequency to satisfy the output voltage requirements. 

Therefore in order to maintain constant output voltage, for light load (50% of 

the load), the switching frequency will be decreased to meet the desired 

output, while for the full load (100%) conditions, the switching frequency 

will be increased. Since the controlled switching frequency is limited by the 

range between the higher and lower resonant frequencies           , the 

switches can be turned on under ZVS. In this study, a laboratory experiment 

has been conducted to verify the effectiveness of the system performance. 
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1. INTRODUCTION 

Switching mode of dc-dc converters have been extensively researched and developed to satisfy most 

industrial power electronics requirements such as efficient conversion, higher power density, small size with 

light weight, and so on [1]-[3]. In order to achieve these demands, the converters must be switched by high 

frequency. However, it is impractical to raise the frequency of operation due to increase of the switching 

losses and electromagnetic interferes (EMI) [4]-[6]. Resonant converters with soft switching (Zero-voltage 

switching and Zero-current switching) have been proposed, and undoubtedly they are favored than hard 

switching conventional converters due to their ability to work at high frequency and reduce switching losses 

[2],[7]-[12]. The behavior of the resonant converter can be classified into many categories based on 

frequency ratio, switching technique and operating mode. When the resonant frequency is lower than the 

converter switching frequency, the converter will operate in continuous mode with turned on ZVS [13]-[15]. 

Meanwhile, ZCS could be achieved if the switching frequency is lower than operating frequency [16]-[18]. 

Series resonant converter has been recommended by several researchers according to its simplicity and 

popularity in many applications, where the LC components are connected in series with the rectifier-load 

network [19]-[22]. The drawback of the series resonant converters is that the input voltage is split between 

the resonant impedance and the load, which makes the DC gain of SRC is always lower than unity [9],[23]. 

In case of light load or no-load condition, it is difficult to control the output voltage. Thus, the zero voltage 

switching is limited to specific load conditions and input voltage ranges [16]. Several schemes have been 
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developed to solve these problems, such as LLC series resonant converter topologies, which have gained 

attention due to their merit of efficient conversion and high voltage gain [24],[25]. These converters have 

been introduced with full or half bridge inverters and either center tapped or full bridge rectifiers [26],[27]. 

Another series resonant converter with two series transformer has been presented in [16] to turn on all the 

switches at ZVS with wide load conditions and input voltage ranges. Many control topologies can be used to 

control the series resonant converters as mentioned in the literature, for instance, the current and voltage 

frequency control [28], diode conduction control [29], and pulse destiny modulation [30]. The phase shift 

control has been applied to regulate the voltage of full bridge resonant converters [31], which could be 

considered as a primary control for the switching signal. Moreover, to improve the performance of control 

system, some advanced strategies using adaptive controls have been reported in [32],[33], such as passivity-

based control and auto disturbance- rejection control (ADRC). Meanwhile, in [31], phase shift control has 

been applied to regulate the resonant current, as a result the control performance has been improved 

compared to the conventional PSRC control system. In this study, phase shifted series resonant converter is 

combined with step up high frequency transformer to produce high conversion efficiency and high power 

density. The output voltage is controlled by varying the switching frequency. The controller has been 

designed to achieve a good stability under different load conditions with the ability to produce wide range of 

ZVS to all switches. Laboratory experiment has been conducted to demonstrate the system performance and 

to prove the validation of the theoretical parts. 

 

 

2. CIRCUIT CONFIGURATION 

Figure 1 shows the circuit configuration of the phase shifted series resonant converter with variable 

frequency control. The design steps of this converter consists of four main stages. Firstly, full bridge 

controlled switching network (CSN) is supplied by DC voltage source to produce a square wave phase 

shifted voltage to be fed to the resonant tank. Then, the resonant tank network (RTN) is connected in series 

between both legs of the switching network. The resonant tank consists of resonant inductive Lr, resonant 

capacitor Cr and magnetizing inductance Lm of the HF step up transformer respectively, to generate 

sinusoidal voltage and current signals. The aim of using HF step up transformer is to provide a wide range of 

ZVS and to increase the output voltage for eliminating the series resonant converter limitations. Meanwhile, 

a full bridge diode network with low pass filter (DR_LPF) is connected with the secondary part to rectify and 

filter the AC variables to produce the desired DC output voltage. Finally, the control part is attached with the 

circuit to regulate the output voltage by varying or tuning the switching frequency fs. 
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Figure 1. Circuit configuration of the phase shifted series resonant converter 

 

 

3. OPERATION PRINCIPLE 

Figure 2(a) shows the controlled gate signals of the four switches (S1 to S4) for the PS –SRC. The 

turn on time of all switches is equal to half of switching period S1 and S2 which will work alternately, but a 

small dead time must be introduced to avoid signals interfaces and to allow zero voltage switching to occur. 

Switches S3 and S4 also work alternately, with an angular phase shift from the first two switches that is 

almost equal to quarter of switching period. Figure 2(b) shows the simulated results of the resonant tank 

variables waveforms using Matlab Simulink to simplify and summarize the circuit operating mode behavior.  
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Figure 2. (a) The controlled gate signals and output voltage of the full bridge (b) The simulated waveforms of 

the system VAB, ILr, VCr and secondary voltage respectively 

 

 

3.1. Mode I: Energy conversion state (between t0 and t1) 
In this mode, the switches S2 and S4 are turned on, causes the resonant current iLr starts to increase. 

The tank energy is delivered to the secondary part through the transformer. Thus, the rectifier diodes conduct 

and the output capacitor Cf is charged.  

 

3.2. Mode II: Resonance state (between t1 and t2) 

At the beginning of this mode, switch S4 is turned off, thus iLr reaches its maximum value and stops 

increasing, therefore the voltage between the emitter and the collector of the S4 will be equal to the source 

voltage. Meanwhile, the tank inductance and capacitance starts resonated. The freewheeling diode of the S3 

will be conducted at the end of this mode.  

 

3.3. Mode III: Discharging state (between t2 and t3) 

Since, the freewheeling diode of the S3 is conducted, S3 is turned on at ZVS. Thus, the resonant 

capacitor voltage Vcr starts to rise. Meanwhile, the energy stored in resonant inductance starts to be 

transferred to the secondary. Thus, the resonant current iLr decreases.   

 

3.4. Mode IV: Second resonance state (between t3 and t4) 
This mode starts once the S2 turns off,  thus the resonant current iLr changes its polarity (zero 

crossing) while the resonant capacitor voltage Vcr reaches the maximum value ( fully charged). Based on 

these reasons, the resonance stops at this mode because the tank inductance is not capable to deliver the 

required energy to the secondary. Moreover, the resonant inductor energy must be larger than that stored in 

the resonant capacitor to achieve ZVS. Before this mode ends, the freewheeling diode of the switch S1 is 

conducted.      

 

3.5. Mode V: Commutation state (between t4 and t5) 

Due the conducting of the freewheeling diode of switch S1 at the end of last mode, the switch S1 is 

turned on at ZVS at the beginning of this mode. Also, the tank inductor starts to charge while the resonant 

capacitor energy starts to decrease. Therefore, at the end of this mode, the tank will gain its capability to 

deliver the energy to the secondary once again. Thus, the other rectifier diodes starts to conduct and the 

output filter Cf will be recharged. Consequently, the circuit operation in the first half cycle is completed, and 

with the same manner, the switches S2 and S4 will be turned on with ZVS in the next half cycle. 

 

 

4. SYSTEM ANALYSIS AND CONTROLLER DESIGN 

The voltage gain of the power converter circuit can be classified into two main parts, which are the 

gain of the resonant tank and the gain of the high frequency transformer. The gain of the transformer is 

considered constant based on the primary to secondary turn ratio. Meanwhile, the gain of the resonant tank is 
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a function of switching frequency to resonant frequency ratio   
  

  
 , load quality factor (Q), and the 

relation between the resonant inductor to magnetizing inductance of the transformer (K). These factors and K 

are considered as fixed values for all operation modes in the circuit design. The gain function can be derived 

as Equation (1), where the output voltage is controlled by varying the switching frequency. The tank has two 

resonant frequencies: the higher resonant frequency fr, which is constributed by the resonant elements Lr and 

Cr, while the fr1 is obtained by all the tank parameters, as defined in Equation (2). The gain curves for a wide 

switching frequency range and different load factors are diagramed in Figure 3. 
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Figure 3. The gain characteristics for wide switching frequency, with different load factor (load conditions) 

 

 

The function of the controller as presented in Figure 1 is to vary the operating frequency to meet the 

required load level, to maintain the output voltage of the converter constant at any condition. Moreover, the 

error between the measured voltage and the constant desired voltage (reference voltage)                   

is applied to PI controller (Kp=3000, Ki=0.002). Therefore, whenever any deviation is noted from the 

required output and based on the error sign, the controller works to increase or decrease the switching 

frequency in accordance to the desired output voltage. Therefore, the signal that is sent to IGBTs1 is in 

opposition to the signal sent to IGBTs2, while the signals that are sent to IGBTs3 and IGBTs4 are in 

opposition to each other, and they are shifted by 60° from the first two signals to achieve the required phase 

shifted voltage VAB. Furthermore, to ensure that ZVS can be fulfilled for all switches, the controlled 

switching frequency variation is limited by the range that between the higher and lower resonant 

frequencies           . Meanwhile, if the switching frequency is found to be lower value than the 

required range, the chosen frequency will be equal to the minimum frequency value. With the same manner, 

if it is found to be higher than the limited range, the switching frequency will be set at resonant frequency. 

 

 

5. EXPERIMENTAL RESULTS  

In order to verify the effectiveness of the designed power circuit and the controller response, a 

laboratory prototype had been evaluated shown as in Figure 4. The specifications of the circuit design and the 

component parameters are shown in Table 1. Figure 5 presents the test signals waveforms for application to 

the switches (gate driver outputs). It can be clearly seen that switch S1 and S2 complement each other. Signals 
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to the S3 and S4 are phase shifted from the first two switches and complement each other as well. It was 

found that there were dead times 0.5μs before turning on the switches. Figure 6 illustrates the tank 

waveforms at full load (Io=3A). The switching full bridge generated phase-shifted square wave VAB voltage 

that excited the resonant tank and created the sinusoidal wave forms. It was obvious that the resonant current 

started by a negative polarity at each half cycle, which allowed the ZVS to be achieved. Figure 7 shows the 

measured gate voltage and collector voltage of all switches (S1-S4) at full load condition. The collector 

voltage VCE dropped to zero, before the switches were turned on. Thus, all the switches were turned on at 

ZVS. 

 

 

Table 1. Circuit specifications and component 

parameters 
Parameters value or type 

Input voltage Vin 100 V 

Output voltage 300 V 

Switching frequency  32.5-42.5 kHz 
Active Switches (S1-S4) IRGP35B60PDPBF 

Resonant inductance Lr 200µH 

Resonant capacintance Cr 70µF 
Magnatizing inductnce Lm 143µH 

Output capacitance Cf 4700µH 

At full load RL 100 Ω 
Microcontroller TMS320F28335 

 

 
 

Figure 4. Laboratory prototype of the proposed converter 

 

 

 
 

 

Figure 5. Measured waveforms gate signals before 

being applied to S1-S4 

 

Figure 6. Measured results of the of the resonant tank 

input voltage VAB, resonant inductor current iLr and 

resonant capacitor voltage Vcr at full load condition 
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Figure 7. Measured waveforms of the gate voltage and collector voltage for all the switches at 100% load 

  

 

In order to investigate the designed voltage controller stability, the system had been tested under load 

variation conditions. Figure 8 shows that the the output voltage (Vo) remained constant in both situations, 

whereas the output current changes based on the load variations.  It can be clearly seen that the system had 

good dynamic characteristics. The converter responded well to the load variation, by varying its switching 

frequency to satisfy the output voltage requirements. Thus, for light load (50% of the load) the switching 

frequency was decreased to 37 kHz to meet the desired output, while for the full load (100%) conditions, the 

switching frequency was increased to 42.5 kHz to obtain the constant voltage. Moreover, Figure 9 shows that 

the maximum output power of the proposed converter was 890 W, recorded at operating frequency of 40 

kHz, with the efficiency of 82%. .  

 

 

  
      (a) Step-up load condition                            (b) Step-down load condition 

 

Figure 8. Measured results of the output voltage and current 
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              (a)                                                                                          (b) 

 

Figure 9. (a) Measured switching frequencies with different load conditions, (b) Measured efficiencies for 

different load conditions 

 

 

6. CONCLUSION 

This paper has presented the design considerations of phase shifted series resonant converter with 

step up high frequency transformer. The main feature of the proposed converter is to enhance the resonant 

tank inductivity in order to eliminate the resonant converter limitations, by increasing converter gain and to 

provide a wide ZVS range for all the switches. Therefore, the proposed converter is suitable for low input 

voltage and high load current applications. Fixed duty cycle with switching control is adopted to regulate the 

output voltage. The control strategy is limited to specific frequency range to ensure that all the switches have 

the ability to be turned on at ZVS. Moreover, the controller is designed to operate with wide load variations. 

The converter reacts to the load variation, by varying its switching frequency to satisfy the output voltage 

requirements. For light load (50% load), the switching frequency is decreased to 37 kHz to meet the desired 

output, while at full load (100%) condition, the switching frequency is increased to 42.5 kHz to obtain 

constant voltage. The proposed system design, operation modes and the controller behavior have been 

discussed in detail in this paper. Laboratory experiments results have proven the system performance and 

verified the effectiveness of the theoretical parts. 
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