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Abstract. The purpose of this paper is to report how a 

combination of a totem-pole bridgeless PFC converter and 

an LLC converter can achieve a high-efficiency power 

supply operating at 500 kHz, and to compare the stress and 

losses in the circuit between the proposed GaN-based and 

conventional Si-based devices. From the experimental 

point of view, under the proposed topology, the operating 

loss of the Si-based devices (21.98W) was higher than that 

of the GaN-based device (4.13W), and the power supply 

could reach 97.5% efficiency. 
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1. Introduction 

There are a number of robots increasing nowadays 

due to the fast growth of Artificial Intelligent (AI) that has 

improved many operations of machines and is widely 

adopted in industries such as medical, healthcare, service, 

hospitality, and manufacturing. This is because of the fact 

that these robots and machines have been employed to 

perform humans operations during this industrial revolution 

worldwide [1]. 

Electricity as clean energy [2], one of the most 

important parts of the robots is the power supply that helps 

to convert supplying power into the most suitable amount 

and levels. A high power rating power supply would 

provide more robust and retain greater power conversion 

compared to a low power rating power supply. But would 

encounter some problems related to the investment costs, 

power losses, larger size, and heavier weight. As a result, 

this causes the crucial demand for optimum mobility and 

miniaturization that has led to the development of 

miniaturization of the various modules of the robots. In 

addition, the volume of the power module is also a major 

factor that restricts the volume and portability of the robots. 

Due to the fact that the volume and heat dissipation 

limitations of the power device. Therefore, designing a 

power supply with high efficiency, small size, and low heat 

generation is particularly important for the development of 

the robotics industry. 

In these recent years, the GaN-based power electronic 

devices would possibly be used to replace the conventional 

Si-based ones used nowadays due to their higher power 

density rating, smaller size, and lighter weight. There are 

some research works that have been studied on these 

devices available in the literature [3]-[10]. But performance 

in terms of efficiency and performance compared to the Si-

based devices has not been properly compared.  

The diode-bridge AC-DC power factor correction 

(PFC) converters could increase power losses in the 

circuits. Therefore, bridgeless AC-DC converters are ones 

of the particular interesting topology to reduce the losses 

and hence increase the power conversion efficiency. The 

PFC converters are suitable for up to 230Vac input voltage 

and up to 400Vdc output voltage applications. There have 

been many articles comparing PFC topologies [11]-[14], 

and the results showed that in high frequency applications, 

the totem pole PFC topology is more advantageous. 

The LLC resonant converters [15]-[20] are considered 

as the DC-DC converters to regulate the voltage across the 

battery. These converters are very popular due to the 

capability of zero voltage switching over a wide input 

voltage range with relatively low switching losses. Hence, 

the second fundamental frequency ripple at the PFC 

converter output (380-400V) can be regulated to 48V for 

battery charging applications by the LLC converters. 

Another advantage of these converters are the soft-

switching operation in the entire load range [21]. 

In this research, the comparison of GaN-based 

switching devices for the most suitable totem-pole 

bridgeless circuit for the AC-DC power converter and the 

LLC circuit for the DC-DC power converter when used as 

the commercial mobile robot power supply adaptors in 

terms of stresses, losses are examined compared with the 

conventional Si-based switching devices. The results from 

simulation tests will be used to validate the research study. 
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2. Design of Totem-Pole Bridgeless 

PFC with LLC Converter Topology  

The totem-pole bridgeless PFC circuit consists of very 

few components in the circuit and only one diode is on 

during half an operating frequency cycle, which therefore 

has very low losses [22],[23]. The totem-pole bridgeless 

PFC circuit S1 and S2 body diodes work in high frequency 

on and off states to play the role of current renewal, so the 

totem-pole bridgeless PFC circuit has high requirements 

for the reverse recovery characteristics of S1 and S2 body 

diodes. S1 and S2 if using Si MOSFET, due to the poor 

reverse recovery characteristics of Si MOSFET body 

diodes, and thus would generate high power losses. This is 

enough to offset the low loss advantage of the totem-pole 

bridgeless PFC circuit, which will be compared with the 

loss of the Si-based devices and GaN-based devices in 

subsequent sections of this paper. 

The advantage of the LLC resonant converters is that 

all devices can achieve zero voltage switching (ZVS) over 

the entire load range and zero current switching (ZCS) for 

the secondary side devices when the converter is operating 

at the resonant point [17]. Therefore, the LLC resonant 

converters are well suited for small to medium power high 

switching frequency converters. 

The model discussed in this paper is a power supply 

model without EMI, the block diagram of the proposed 

PFC converter with a LLC circuit is shown in Fig. 1 while 

the actual circuit configuration used in this paper is shown 

in Fig. 2.  

 

 

Fig. 1 The block diagram of the proposed converter  

The proposed totem-pole bridgeless PFC converter 

with a LLC resonant converter was designed such that a 

low voltage battery of 48V could be charged from the ac 

source of 230V. The totem-pole bridgeless PFC converter 

with a LLC resonant converter was simulated at the 

operating frequency of 500 kHz and output power was 

500W. The similar characteristics and specifications of the 

GaN HEMTs and Si MOS devices were used in the 

simulation of the proposed converter. The detailed design 

of the parameters and control strategy of the proposed 

converter is discussed in the next section. 

 
Fig. 2 The converter configuration of the proposed system 

3. Design of the Converter Parameters 

3.1 Design of the Totem-Pole bridgeless PFC 

Converter Parameters 

The equations used for designing the parameters for 

the proposed totem-pole bridgeless PFC converter with a 

LLC converter were expressed by the equations (1) – (7) in 

accompanied with their examples of the calculated values 

as follows: 

Determine the maximum average output current 

(IOUT(max)) from the maximum output power (POUT(max)) and 

the dc-link voltage (VDC-link) as equation (1): 

         (   )  
    (   )

        
 
   

   
        (1) 

The maximum input RMS line current, Iin-RMS(max), 

could be calculated by using (2); where Pdc-OUT(max) is the dc 

output power, ηPFC is the estimated efficiency of the PFC 

converter, VIN(min) is the minimum input voltage and PF is 

the estimated power factor: 

            (   )  
      (   )

        (   )   
 

   

             
        (2) 

To determine the boost inductor (Lboost), the 

maximum-allowed ripple current (Iin-ripple (max)) was 

calculated first. The maximum ripple current was observed 

at the lowest input voltage and maximum load. Assuming a 

maximum 40% ripple in the inductor current, the ripple 

current could be calculated as follows: 

               (   )                (   ) 

      √             (3) 

The duty cycle (DUTY(max)) at the peak of the 

minimum input voltage could be calculated as： 

     （   ）  
   (   ) √    (   )

   
 

                           
     √     

   
       (4) 

The minimum value of the boost inductor (Lboost) was 

calculated based on the acceptable ripple current, at a 

worst-case duty cycle of 0.63, as expressed by (5): 



ENGINEERING ACCESS, VOL. 8, NO. 2, JULY-DECEMBER 2022 305 

 

               (   )      (   )  
      (   )

             (   )
 

           
      

          
        (5) 

 

The output capacitor (Cdc) was determined to meet the 

allowable DC link ripple and hold up the requirements of 

the converter. The ripple of DC link voltage could be 

calculated by using (6): 

             
             

       
   (6) 

The holdup time required by this design, THoldup was 

2ms. The average bus voltage was set at 385V, which was 

correlated with the LLC transformer ratio. Considering the 

DC link voltage has a +/-10V ripple at the full load, the DC 

bus voltage (Vdc(norm)) would be 365V in the valley point. 

Considering the gain of the LLC circuit that could not be 

too wide, the minimum input voltage of the LLC circuit 

(Vdc(min)) was set at 320V. For energy, the minimum value 

of the bus capacitance could be calculated using (7). 

             (    )  
       

   (    )
     (   )

  

        
     

         
       (7) 

3.2 Design of the LLC Resonant Converter 

Parameters 

The equations used for designing parameters for the 

LLC Resonant Converter were given in the equations (8)–

(18). 

From the nominal input voltage (Vdc-nom), the 

transformer turns ratio (n) could be determined from (8): 

       
       

  (     )
 

   

  (       )
    (8) 

The required gain (M) at minimum and maximum 

input voltage could be determined using (9) and (10): 

          
  (     )

         
 
  (       )

     
        (9) 

          
  (     )

         
 
  (       )

     
      (10) 

In the equations (8)-(10), VF was a secondary side 

voltage drop. 
 

Calculate the equivalent load resistance (Re): 

    
   

  
 
  

  
 
    

  
 
  

  
         (11) 

The resonant circuit was composed of the resonant 

capacitor Cr and resonant inductor Lr. These resonant 

parameters could be calculated from (12) and (13): 

              
 

        
   (12) 

             
 

（    ）
 
  
    (13) 

 

In this design, Lr=19μH and Cr=66nF were chosen for 

the circuit. 
 

The magnetizing inductance (Lm) could be calculated 

from (14): 

                    (14) 
 

From (14), m was referred as a ratio of Lm and Lr. 

Smaller m values could result in higher peak gains, but too 

small m values could, in turn, cause poor transformer 

coupling and reduce efficiency. Generally, the m value 

should be taken between 3 and 7. 

In a real transformer, the resonant inductance could be 

integrated into the transformer, and the primary coil 

inductance (Lp) was equal to: 

                     (15) 
 

For an integrated transformer, the actual turns ratio of 

the transformer (nreal) could be calculated by using (16): 

                 √
     

  
   (16) 

 

The secondary and primary side turns (Ns and Np) 

could be calculated by using (17) and (18): 

 

             
     

           
   (17) 

                        (18) 

 

In this design, Np: Ns=18:5. 

4. Computer Model Simulation 

Considering that the subsequent analysis that was 

needed to use the GaN and Si MOSFETs for the simulation 

comparison analysis, all parameters were therefore set with 

the consistent. The values for the input indicators of the 

power supply and the related main power device 

parameters were defined as shown in Table 1. 

 
Symbol Parameter Specifications 

Vin Input voltage (100-264) V 

Pout (nom) Output Power 500 W 

fsw Switching Frequency 500 kHz 

Lboost Iutput Current Ripple Inductor 1000 uH 

Cdc DC link capacitor 660 uF 

Vdc DC link voltage (320-395) V 

Cr Resonant Capacitor 2x47 nF 

Lr Resonant Inductor 20 uH 

Nps Secondary and Primary Side Turns 18:5 

Vbat Output Voltage 48 V 

Table 1 Simulation main parameter specifications 

The totem-pole bridgeless PFC converter simulation 

circuit and the LLC converter simulation circuit based on 

the parameters from Table 1 are shown in Fig.3 and Fig.4. 
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Fig. 3 the totem-pole bridgeless PFC simulation circuit 

 
Fig. 4 the LLC resonant simulation circuit 

 

(a)           (b) 

Fig. 5 Simulation schematic diagram details comparison between (a) GaN 

HEMT (LMG3410R070) and (b) Si MOS (IPB60R070CFD7) 

Symbol Parameters 

Semiconductor Devices 

Si MOS GaN HEMT 

(IPB60R070CFD7) (LMG3410R070) 

VDS 
Drain-to-Source 

Voltage 
600 V 600 V 

RDS(ON) 
Drain-to-Source 
On Resistance 

70 mΩ 70 mΩ 

QG 
Total Gate 

Charge 
67 nC 4.5 nC 

CO(ER) 
Effective Output 

Capacitance 

Energy Related 

96 pF 95 pF 

CO(TR) 
Effective Output 

Capacitance 

Time Related 

990 pF 145 pF 

Table 2 Comparison of key parameters between GaN HEMT 

(LMG3410R070) and Si MOS device (IPB60R070CFD7). 

Fig.5 is an enlarged view of the simulation circuit 

device replacement,  Table 2 shows the key parameters 

comparison between the GaN HEMT (LMG3410R070) 

[24] and the Si MOS device (IPB60R070CFD7) [25]. 

5. Results and Discussions 

In this section, various simulations are performed 

using Synopsys Saber 2012 software, and the simulation 

results are discussed. 

5.1 Comparison of the Outputs 

Comparison of the Totem-Pole Bridgeless Circuit 

Outputs, Fig.6(a) is the output voltage and current 

waveforms using the GaN HEMT device while Fig.6(b) is 

the output voltage and current waveform using the Si MOS 

device. It can be seen that the output of the totem-pole PFC 

circuit using the GaN HEMT devices provides less ripple 

and more stable compared to the Si MOS devices. 

 

 

(a) 

 

(b) 

Fig. 6 The totem-pole bridgeless PFC circuit output voltage and current 

waveforms: (a) GaN HEMT device and (b) Si MOS device 
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According to the LLC resonant circuit outputs, 

Fig.7(a) shows the output voltage and current waveforms 

using GaN HEMT devices while Fig.7(b) shows the output 

voltage and current waveforms using Si MOS devices, 

Vrms=48.795V, Irms=10.589A when using GaN HEMT 

devices, Vrms=48.577V and Irms=10.577A when using Si 

MOS devices. It can be seen that the two types of output 

waveforms in the LLC resonant circuit are basically the 

same when the resonant frequency is not high. The highest 

efficiency is 97.5% in simulation experiments. 

 

 

(a) 

 

(b) 

Fig. 7 The current and voltage waveforms of the LLC resonant circuit 

when using: (a) GaN HEMT devices and (b) Si MOS devices 

5.2 Comparison of Voltage and Current 

Stresses on Semiconductor Devices 

Fig. 8(a) and Fig.8(b) show the current and voltage 

waveforms on the semiconductor devices of the totem-pole 

bridgeless PFC circuit when using the GaN HEMT devices 

and Si MOS devices, respectively. Since the GaN HEMT 

devices has no body diode problem, it can be seen that the 

peak reverse recovery current of the PFC circuit of the 

GaN-based devices is Ipeak=-6.8595A, while that of the Si-

based device is Ipeak=-144.98A. This shows that GaN-based 

devices provide significant less voltage and current stress 

on the circuit elements than Si-based devices. 

 

 

(a) 

 

(b) 

Fig. 8 The current and voltage on the semiconductor devices of the totem-

pole bridgeless PFC circuit when using: (a) GaN HEMT devices and (b) 

Si MOS devices 

Fig. 9(a) and Fig. 9(b) show the current and voltage 

waveforms on the semiconductor devices of the LLC 

resonant circuit when using the GaN HEMT devices and 

the Si MOS devices, respectively. When using the GaN 

HEMT devices, Vpeak=385.63V, Ipeak=-5.5811A, while 

using the Si MOS devices yeilds Vpeak= 385.22V, Ipeak= -

5.5825A, it can be seen that in the LLC resonant circuit, the 

current and voltage stresses of GaN HEMT and Si MOS 

are basically the same. 
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(a) 

 

(b) 

Fig. 9 The current and voltage waveforms on the semiconductor devices 

of the LLC resonant circuit when using: (a) GaN HEMT devices and (b) 

Si MOS devices 

5.3 Comparison of Losses 

The main losses of the power supply include devices’ 

conduction loss, turn-off switching loss, inductor core loss, 

and winding loss, etc. This section only compares the 

conduction loss, turn-off switching loss of GaN HEMT 

devices and Si MOS devices. Fig. 10(a) and Fig. 10(b) 

show the power loss of the totem-pole bridgeless PFC 

circuit when using the GaN HEMT devices and the Si 

MOS devices. The circuit with the GaN HEMT devices 

provided average loss of 1.043 W while the circuit with the 

Si MOS devices provided 18.898 W. The loss of Si MOS 

devices is approximately 18 times higher than that of the 

GaN HEMT devices. 

 

(a) 

 

(b) 

Fig. 10 The power loss waveform of the totem-pole bridgeless PFC circuit 

when using: (a) GaN HEMT devices and (b) Si MOS devices 

On the other hand, When consider the power losses of 

the LLC resonant circuit, the resultant power loss 

waveforms would be ones shown in Fig.11(a) and 

Fig.11(b). Fig.11(a) shows the power loss waveform when 

the GaN HEMT devices were used while Fig.11(b) shows 

the waveform when the Si MOS devices were used. It can 

be seen that the average loss for the GaN HEMT is 1.961 

W while the Si MOS is 3.089 W. It is clearly seen that the 

power loss of the LLC circuit when using the GaN HEMT 

devices is only 63.5% of that of Si MOS devices. It is noted 

that the power losses dissipated from the LLC circuit has 

small different compared to the totem-pole bridgeless PFC 

circuit. This is because of the fact that the soft switching 

approach was used. Fig. 13 shows the comparison of the 

power losses between the GaN HEMT devices and Si MOS 

devices.   
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(a) 

 

(b) 

Fig. 11 Power loss of the LLC resonant circuit when using: (a) GaN 

HEMT devices and (b) Si MOS devices 

 

Fig. 13 Comparison of the power losses on the proposed power supply 

circuit between the GaN HEMT devices and the Si MOS devices 

5.4 Comparison of Efficiency 

Fig. 14 shows the comparison of the efficiency of the 

proposed robot power supply of a totem-pole bridgeless 

PFC converter with a LLC resonant circuit when using the 

GaN HEMT devices and the Si MOS devices for different 

load levels between 120-500W.  The GaN-based circuit 

achieved higher efficiency (95.1-97.5%) for the whole 

range of the considering load levels than the Si-based 

circuit (91.1-95.3%). The GaN-based circuit achieved the 

highest efficiency of 97.5% at 260W while the Si-based 

only 95.3% at 330W. The GaN-based circuit could improve 

the efficiency by 2.7% compared to Si-based circuit. 

 

Fig. 14 Comparison of efficiency of the proposed robot power supply 

using the totem-pole bridgeless PFC converter with a LLC resonant circuit 

when using the GaN HEMT devices and Si MOS devices 

6. Conclusions 

The utilization of the GaN HEMT semiconductor 

devices to achieve higher efficiency, more reliability, and 

higher power density robot power supply compared to 

conventional Si MOS devices has been proposed in this 

paper. Design for a high frequency (500 kHz) single phase 

bridgeless PFC with a LLC resonant circuit to achieve high 

efficiency. The highest efficiency of 97.5% could be 

achieved by the GaN-based converter while the Si-based 

converter reached only at 95.3% from the simulation 

experiments. This implies that the GaN-based circuit could 

provide more suitable for power converter applications 

than the Si-based circuit. 
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