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Abstract – This paper presents the design of a high-frequency Zero Voltage Switching (ZVS) full-
bridge converter with a phase-shifted driving signal for photovoltaic applications. According to 
the rapid development of power electronics technology, the smart power converter could provide 
high-power capacity with the high-frequency operation and achieve high energy delivery to the 
load. This power converter could also reduce the size of the transformer compared to the same 
power rating. The transformer has been developed using resonant technique and selecting the 
optimal switching frequency whereby the power converter could reduce switching loss and 
improve the system efficiency. The phase-shifted modulation switching technique has been selected 
to drive the power semiconductor switches of a full-bridge power converter based on the switching 
loss minimization method. The desired output voltage has been controlled using a closed-loop 
controller under a loop gain stability margin. The simulation results have showed that the output 
voltage could be controlled to the desired constant when the input voltage has changed from 370 
VDC to 400 VDC. The output voltage of the power converter could be controlled at a constant of 
24 VDC. Therefore, the proposed study has showed the effectiveness of the phase-shifted ZVS full-
bridge power converter for photovoltaic applications such as the battery charging system. This 
power converter could operate at the desired voltage system and reduce the sizing of the power 
converter under high-performance efficiency. Copyright © 2021 The Authors. 
Published by Praise Worthy Prize S.r.l.. This article is open access published under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/). 
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Nomenclature 
Lr Resonant inductance 
CTR Transformer winding capacitance 
ZVS Zero Voltage Switching 
δtmax Deadtime maximum 
Lf Output filter inductance 
ILoad Load current 
Cmos Capacitance of the MOSFET 
Deff Effective duty cycle of the power converter 
NP Number of primary turns 
NS Number of Secondary turns  
VP Primary voltage 
VS Secondary voltage 
IP Primary current 
IS Secondary current 
Vin Input voltage 
Vout Output voltage 
HF High-frequency transformer 
Co Output filter capacitor 
VDC Voltage Direct Current 
pheff Effective phase shifted 
Bmax Maximum Flux Density 
fs Switching frequency 
fr Resonant frequency 

ΔVo Output voltage ripple 
VGS Gate to source voltage 
VDS Drain to source voltage 

I. Introduction 
Photovoltaic systems are renewable energy systems in 

which solar energy is transformed into electricity using 
semiconductor materials. The photovoltaic systems can 
replace electric power plants because of fossil fuel usage, 
energy availability, environmental pollution due to 
carbon dioxide emissions, and rapid fossil fuel 
consumption.  

Integrating solar energy sources into existing energy 
infrastructure is derived by the general installation of 
distributed generation to increase power system stability.  

The typical photovoltaic systems select the power 
electronic equipment such as power converter to convert 
output solar energy voltage to desired voltage [1]. Either 
in a balanced or in a unbalanced state, the system 
supplies electricity to the solar power plant with the 
required power and developed strategies. Therefore, the 
inverter can be used as a reactive power compensator [2] 
and a converter switching frequency.    
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http://creativecommons.org/licenses/by-nc-nd/3.0/)
https://doi.org/10.15866/iree.v16i6.20872
http://creativecommons.org/licenses/by-nc-nd/3.0/).


 
W. Phetphimoon, Y. Kongjeen, K. Bhumkittipich 

Copyright © 2021 The Authors. Published by Praise Worthy Prize S.r.l.  International Review of Electrical Engineering, Vol. 16, N. 6 

498 

 
 

Fig. 1. The full-bridge power converter for photovoltaic systems 
 

This relationship is valid for both stable and unstable 
systems [3], particularly in non-linear voltage regulation 
schemes using the integrated shift mode control method 
in order to drive the applied single-phase modulation 
technique [4]-[6]. This is a new pulse-wide modulation 
technique for controlling the output voltage and the 
voltage balancing of the dc-bus capacitors of multi-stage 
clamp-on converters. Voltage equalization is achieved by 
allowing each converter's pin voltage to switch between 
multiple levels during a single modulation period [7], [8].  

The electrical power conversion is performed by 
power electronics principles, mainly the high switching 
frequency and the consequence of the switch's resulting 
power loss and electromagnetic interference [9].  

Therefore, an important part of photovoltaic systems 
is a power converter that can draw the solar energy 
power to load level. The control indices of a photovoltaic 
system are desired value, system performance, and power 
switching loss, which have been considered in the 
proposed system [10]-[13]. Nowadays, the photovoltaic 
system design is centered on increasing the power 
capacity using modern power converter technology in 
order to improve the high-power ability of transformers 
and reduce the size of the transformer using high-
frequency operation [14]. For the above design purpose, 
in this paper, a high-frequency Zero Voltage Switching 
(ZVS) power converter that could control the desired 
voltage rapidly and isolate the electrical ground system 
[15] has been chosen. A high-power ZVS power 
converter has selected the soft switching operations that 
could reduce the power switching loss of power 
converter during turn-on and turn-off of power switches.  

The PWM technique with the phase-shifted operation 
has been selected to drive the resonant full-bridge power 
converter [16], [17].  

Fig. 1 shows the proposed power converter circuit for 
photovoltaic application. The main power converter 
topology consists of the solar panel source, a full-bridge 
converter, a high-frequency transformer, a high-
frequency rectifier circuit, and a desired load.  

Therefore, this paper proposes the control for full-
bridge power converters. It provides a path for power 
flow and a full load range for lightweight conditions 
without additional power circuits. The proposed 

mathematical models will express the principles and the 
advantages of the proposed control algorithm methods, 
including linear phase-shifted voltage and ZVS 
operation.  

The rest of this paper is organized as follows. Section 
II presents the principal operation of the phase-shifted 
full-bridge power converter and expresses the 
mathematical model of the proposed power converter.  

The mathematical model of a high-frequency 
transformer for designing the optimal transformer in this 
study is presented in Section III.  

Section IV offers the design of the high-frequency 
power converter. The simulation results are shown in 
Section V. Finally, the discussion and the conclusion are 
given in Section VI.   

II. Phase-Shifted Full-Bridge 
Power Converter 

The phase-shifted full-bridge power converter is a 
full-bridge DC-DC power converter with three cascade 
parts for energy conversion. The first part is a DC to AC 
phase-shifted full-bridge converter connected to high-
frequency transformers sides, the second part is an AC to 
AC high-frequency transformer, and the third part is an 
AC to DC high-frequency power rectifier.  

There are four power-switching devices in the 
topology of the full-bridge phase-shifted power converter 
with ZVS operation [18]. The power switches are turned 
on and off complementarily with a 50% duty cycle.  

Conversely, the opposite power switches are turned on 
and off with a different strategy.  

The power switches shift the phase depending on the 
control driving signal. The inductor energy for achieving 
ZVS is calculated as (1): 

 

 
2 2 2
2

1 3 1
2 4 2r mos in TR inE L I C V C V    (1) 

 
where I2 is the current flowing through the primary side 
when S2 is stopped, Vin is the input voltage of the circuit, 
and Co is the capacity of the transformer coil.  

The transformer factor of 4/3 is the double power 
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stored in a nonlinear drain. The capacity varies according 
to the square root of the input voltage [19]. The 
resonance among the values of Lr, Cmos and CTR lets the 
sinusoidal voltage pass the maximum capacity at one-
fourth of the resonant frequency range. The deadtime can 
be set between S3 and S4 by setting the value of δtmax, in 
order to be sure that there is sufficient charging time and 
discharging time. The ZVS connecting time at the 
highest possible load can be determined by the following 
(2): 

 

 
max 4 2 r

Tt L C
    (2) 

 
where C=Cmos+Co. The interval of zero switching 
conditions of S3 and S4 will vary with the load level of 
the converter.  

The load current is low when closed and it may not be 
sufficient to activate for parallel protection signal for 
switching S1 and S2.  

Thus, before S1 is turned off, the main current reaches 
the maximum value and then S1 is turned off. Hence, the 
available power charges the output capacity of S1 and 
discharges the output capacity S2. This inductive filter 
output is provided because the filter inductor does not 
rotate through the regulator until the second voltage is 
reduced to zero. The energy inductance of the filter is 
large compared to the energy stored in the switched 
capacitor. The current switching method implementation 
can be estimated by charging in the linear equation form 
with the constant current.  

Therefore, the dead time required during turn-on and 
turn-off of S1 and S2 can be obtained in (3): 
 

 1 4p mos int I C V   (3) 
 

4CmosVin corresponds to the double charging stored in 
nonlinear output. The capacity of the power electronic 
switches device and Ip are the maximum current in the 
inductive filter output.  

The reflection of the main deadtime can be calculated 
as the lowest value selected to get the ZVS operation. If 
the current is reduced, the ZVS operation cannot be 
controlled. The ZVS occurrence, S1 and S2 operating 
range can be achieved even at a light load because D1 
and D3 can be opened by the energy stored in the 
inductor. However, ZVS for S2 and S4 can only be used 
for load currents that are higher than the critical values as 
shown in (4): 
 

 
2 22 4 1

3 2mos in TR inCRITI C V C VLr
 
  
 

   (4) 

 
The current can be calculated from the equation as 

shown in (5): 
 

 
 2 1

2 2
s out

load
p r m

N VI TI I D
N L L

 
     

 (5) 

Finally, the value of the ZVS can receive the load 
current, as shown in (6): 
 

 
 1

2 2
p out

load CRIT
s r f

N VI TI I D
N L L


   


 (6) 

II.1. Operation State of the High-Frequency 
Power Converter  

The power converter equivalent circuits can directly 
replace the full-bridge high-frequency power converter 
circuit, as shown in Fig. 2. The switch can be partitioned 
into two sets of state-based sub-circuits, switches, and 
shortcuts for the status of the switch: 0 ,St dT 

S SdT t T  . The induced current and the capacitor 
voltage have been chosen as a state variable of output 
voltage [20]. In the 0 St dT   period S1, S4 or S2, S3 or 
performing in Fig. 2 is the equivalent circuit of the high-
frequency power converter, and its equation is shown in 
(7): 

 

 

gL
C

C C
L

VdiL V
dt n
dv v

C i
dt R


 


  

 (7) 

 
In the SdT t T   period S1, S4 or S2, S3 are turned 

off. Fig. 2 shows the equivalent circuit, and its equation 
is as expressed in (8): 

 

 

L
C

C C
L

diL V
dt
dv v

C i
dt R

  

  


 (8) 

 
Then, for equations (7) and (8), the average value is 

(7) × d + (8) × (1-d), the duty cycle is the d value in (9): 
 

 

2 2

2 2

g CL
C

S

C C C
L L

V vdiL d v d
dt n T
dv v v

C d i d i
dt R R

   
    

 


              

 (9) 

 

 
 

Fig. 2. The equivalent circuit of the proposed power converter 

gV

1: N

L



C
R



gi Li

Ci
Cv



 
W. Phetphimoon, Y. Kongjeen, K. Bhumkittipich 

Copyright © 2021 The Authors. Published by Praise Worthy Prize S.r.l.  International Review of Electrical Engineering, Vol. 16, N. 6 

500 

II.2. Small-Signal Model of a Full Bridge 
High-Power Converter  

Fig. 3 shows a small signal circuit for a full-bridge 
converter obtained with a PWM signal converter. The 
duty cycle is controlled by the values of the inductor 
voltage and the current [21]. The effective duty cycle can 
be expressed in (10): 

 

 
ˆ

eff eff effd D d   (10) 

 
An effective cycle time depends not only on the duty 

cycle but also on the primary voltage, inductor filter, and 
the drop voltage of the leakage inductor. The effective 
duty cycle of the power converter is constant, and the 
small duty cycle changes due to the inductor current and 
the input voltage [22], which can be seen as given in 
(11): 
 

 
ˆ ˆ ˆ ˆ
eff i vd d d d    (11) 

 
ˆ
id  and ˆ

vd  are the small change in the duty cycle due 
to the filter inductor current and the input voltage 
changing as shown in (12) and (13): 

 

 

4ˆ ˆr s
i L

in

nL f
d i

V
  (12) 

 

 

4ˆ ˆr s
v in

in

nL f
d V

V
  (13) 

 
The transfer function from the equivalent circuit in 

Fig. 3 can be expressed as (14): 
 

 
2

ˆ
(s)

1
1

o

in

d
d

v
G

d
V

RLLC s s R C
R RLC LC

 


           

 (14) 

II.3. Steady-State Analysis of Phase-Shifted 
Full-Bridge Power Converter 

Reducing the size and the weight of the magnetic 
components is desirable because it increases the 
switching frequency for high-frequency power 
converters. When conventional PWM converters operate 
at high frequencies, the circuit performance will be 
decreased.  

 

 
 

Fig. 3. The small-signal model of the proposed power converter 

The increased power switching loss in high power 
applications should have insulation or other protection 
methods that reduce significant losses, which reduce 
efficiency. When operating a full-bridge power converter 
the shifting of phase control driving signal is used, there 
are two-step functions. The first step is to convert DC to 
AC by a full-bridge converter circuit connected with a 
high-frequency transformer. The second step is the AC to 
DC conversion by a high-frequency rectifier circuit with 
a low-pass filter.  

The full-bridge power converter has four switches, 
similarly to the conventional full-bridge converter shown 
in Fig. 1.  

The proposed control for switching S1-S4 is a phase-
shifted PWM scheme that differs from the conventional 
control. The leg-pair switches are turned on 
complementarily with a 48% duty cycle, excluding the 
short dead time. The driving signals are shown in Fig. 
4(b), where the second control signal has shifted the 
phase. The operation in the switching mode is zero, 
resulting in the current and in the voltage generated by 
the switch operation 1-4, as shown in Fig. 4(c). Fig. 5 
shows the driving signals of S1 to S4, the primary voltage 
side of the transformer, Vp and the secondary voltage side 
of the transformer VS. The operation state can be 
explained by each mode as follows [23], [24]. 
 Mode 1: Loss of Duty Cycle: In mode t=t0, the 

switches S1 and S4 are on; the switch S1 is turned on 
with ZVS after ending mode t0. The secondary 
voltage side of the transformer VS has remained zero 
until the current primary side of the transformer has 
been reversed to the positive direction and has 
increased to reach the reflected output inductor 
current  fLI  in mode loss of duty cycle t=t1; 

 Mode 2: Power Transfer Mode: In mode t=t1, the 
secondary voltage of the transformer is equal to Vin, 
the D1-D4 rectifier diodes are forward biased and the 
energy is transferred from source to load. In the first 
operation mode of the phase-shifted t1-t2, the current 
across the output filters has begun to increase, and the 
primary current of the transformer Ip has equalled the 
output inductor current that has reflected  fLI ; 

 Mode 3: Zero voltage for the S3 switch: In mode t=t2, 
the S4 switch is off, and the primary current of the 
transformer charges the C4 of S4 a switch and 
discharges the switch of S3 when charging capacity 
C3 is fully released. From Vin to 0, the diode D3 will 
start to obtain zero voltage for the S3 switch. This will 
reduce the damage to the switch. In this mode, the 
secondary voltages of the transformer turn into zero. 
The high-frequency rectifier diode D1 and diode D4 
will conduct the electricity; 

 Mode 4: Freewheel Through Switch Mode: In mode 
t=t3, the S3 switch with the ZVS and primary current 
of the high-frequency transformer IP is turned on and 
freewheeled through S1 and S3. The secondary voltage 
of the transformer VS is in the state of zero, and the 
load releases the output voltage; 



gnV d
gi

gnV

1: effD

fL


innV

d
R

 
( )g i vnV d d

 
( )in

i v

nV
d d

R

fC R



 
W. Phetphimoon, Y. Kongjeen, K. Bhumkittipich 

Copyright © 2021 The Authors. Published by Praise Worthy Prize S.r.l.  International Review of Electrical Engineering, Vol. 16, N. 6 

501 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Figs. 4. (a) Conventional full-bridge PWM Converter (b) Principle 

of operation for the full-bridge phase-shifted power 
converter (c) The circuit for the ZVS mode of the power switch 

 
 Mode 5: Zero Voltage for the S2 Switch: In mode t=t4, 

the switch S1 is in the downstate, and the primary 

current of the transformer in the charging state C1 
connected with S1 and then discharge C2 is connected 
to the switch S2. When the capacitance C2 is 
completely released from Vin to 0, diode D2 will be in 
zero voltage due to the switch for a switch S2. The 
secondary voltage of the transformer remains zero 
voltage during the mode t4-t5; 

 Mode 6: Loss of Duty Cycle: In mode t=t5, the switch 
S2 enables ZVS after the end of the mode t4. The 
secondary voltage of the transformer VS is still at zero 
voltage until the primary current of the transformer IP 
reverses its direction and starts to increase the 
induction of the output current reflected in 

fLI  at 

period t=t6. The primary current of the transformer 
increases according to the slope Vin/Lr, which ignores 
the induced leaking inductor Lr and the lack of power 
transferred to the output; 

 Mode 7: Power Transfer Mode: In mode t=t6, the 
secondary voltage side of the transformer VS equals 
Vin.  The high-frequency rectifier diodes D2 and D3 
are in the period in which the forward-biased diode 
and the transfer energy charge the inductor to pass 
power output.  The first operation mode of the phase-
shifted is in the working range of mode t6. Cross-
inductor output currents begin to increase, and the 
primary current of the transformer IP flows in the 
negative direction equal to the electric current 
reflected in 

fLI ; 

 Mode 8: Zero Voltage for the S2 Switch: In mode t=t7, 
the switch is in the downstate, and the primary 
current of the high-frequency transformer will be in 
the charging state C3 connected with S3 and then 
discharge C4, which is connected to the switch S4. 
When the capacitance C4 is completely released from 
Vin to 0, its device diode D4 will be in the mode of 
zero voltage due to the switch S4. In this mode, the 
secondary voltage of the high-frequency transformer 
becomes zero, and the high-frequency rectifier diode 
will carry the current; 

 Mode 9: Freewheel Through Switch Mode: In mode 
t=t8, the switch S4 with the ZVS and primary current 
of the high-frequency transformer IP is turned on and 
it is freewheeled through S2 and S4. The secondary 
voltage of the high-frequency transformer VS is in the 
state of zero, and the output voltage is released by the 
load; 

 Mode 10: Zero Voltage for the S2 Switch: In mode 
t=t9, the switch S2 is in the downstate, and the 
primary current of the high-frequency transformer in 
the charging state C2 is connected with S2 and then it 
discharges C1 that is connected to the switch S1. 
When the capacitance C1 is completely released from 
Vin to 0, its device diode D1 will be in the mode of 
zero voltage due to the switch S1 solving problems of 
loss in switch devices. In this part, the secondary 
voltage of the high-frequency transformer returns to 
zero, and in the rectifier circuit D2, and D3 are in 
current condition [25]. 
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Fig. 5. The equivalent circuit of the operating mode of the phase-shifted full-bridge power converter 
 

III. Model of High-Frequency Transformer  
The high-frequency transformers are designed to 

support integration with power electronic switches in the 
form of high-frequency signals.  

They are designed to obtain the output voltage 
maintained among the lowest input voltage when the 
maximum load is connected. The duty cycle is an 
important parameter in controlling the system's operation 
to transfer the energy of the transformer from the primary 
side to the secondary side.  

The offset time of each working period is half-
working alternately to reverse the system's primary side 
and allow the current to flow to the current circuit on the 
secondary side of the high-frequency transformer. As a 
result, the loss of work cycles is considered when 
calculating the rotation ratio. Otherwise, the converter 
may have a high loss value [26], [27] during the control 
period under extreme load conditions, especially if it 
exists. For higher leakage induction values [28], the 
voltage is shown in (15): 

 

o s s r
eff o

in p p in

V N N Lph I f
V N N V

 
    

 
 (15) 

 
The energy loss from the transformer ratio, without 

the cupper loss, can be calculated by (16): 
 

 

po
eff

in s

NV
ph

V N
  (16) 

 
The principle of choosing the size and the shape of the 

transformer will mainly consider the efficiency and the 
increasing temperature. Some transformer design 
experiences, along with a few repetitions, need to choose 
the most appropriate axis with a balanced core and loss 
of coil.  

The loss of an acceptable axis will determine the 
maximum magnetic flux limit at 0.1 Tesla. Therefore, the 
number of primary windings of the transformer can be 
calculated as shown in (17): 
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 max2
in eff

p
c

V ph
N

B A f
  (17) 

 

 
max 2

in eff

p c

V ph
B

N A f
  (18) 

  
The ripple of the inductor current can be calculated 

from (19): 
 

 
%

2f

o
L

I
I Ripple   (19) 

 
The inductance of the Lf filter and the maximum 

current are determined according to the induced ripple 
current as shown in (20): 
 

 
 1 1

f

f o eff
L

L V ph T
I

 


 (20) 

 
The output of the capacitor ripple current is a function 

other than the phase-shifted of power conversion circuit.  
The current rectifier can completely reduce the current 

ripple incapacity in the case of pheff = 0.48. The current 
ripple output capacitor, the rms current, and the ESR loss 
can be calculated from (21) to (23): 
 

 
 1 2o

Co eff
f

V
I T ph

L
    (21) 

 

 
2

1
12Corms CoI I   (22) 

 

 2Co outCormsP I ESR  (23) 
 

The ripple voltage of the capacitor value can be 
calculated from (24): 
 

 

  21 2

16
o eff

Co
f o

V ph T
V

L C

 
   (24) 

 
The capacitor value used to filter the output voltage 

can be calculated as shown (25): 
 

 

  21 2

16
o eff

o
f Co

V ph T
C

L V





 (25) 

IV. Design of Proposed High-Frequency 
Power Converter 

This section focuses on the design of phase-shifted 
full-bridge power converters for photovoltaic systems.  

The system component in the first part is the full-

bridge phase-shifted power converter with ZVS soft-
switching operation. This power converter is directly 
connected to the primary side of the high-frequency 
transformer, and the secondary side of the high-
frequency transformer is also connected to the high-
frequency power rectifier circuit. The specific parameters 
of the proposed power converter have been designed as 
shown in Table I. In the case of reducing the losses 
caused by transformer isolation, the ferrite core with low 
saturation flux density is considered the magnetic core 
with the highest magnetic flux range Bmax of 0.2T. The 
area size for the core AC of 1.5 cm2 determines the 
number of coils around the primary side of the high-
frequency transformer, as shown in (26): 
 

 

8

max
10

2
in

p
c

V D
N

B A f
   (26) 

 
Determining the number of primary windings of the 

high-frequency transformer six turns meets the output 
voltage requirements and supports the voltage across the 
circuit element. The secondary voltage of the high-
frequency transformer should be calculated based on the 
ratio of the output voltage with the maximum duty cycle 
value as shown in (27): 
 

 
sec

max

oV
V

D
  (27) 

 
The duty cycle value is defined as 48%, and the 

secondary voltage of the high-frequency transformer 
equation is Vo=DeffVsec.  

The number of the secondary windings of the high-
frequency transformer can be calculated from the 
equation shown in (28): 
 

 

sec
s p

in

V
N N

V
  (28) 

 
The inductor value used to filter the output voltage of 

the power converter is determined by the efficiency input 
voltage and the output voltage, and the duty cycle 
performance value is given by (29) [29]: 
 

 

 in o eff
f

L s

V V D
L

I f
 




 (29) 

 
The ripple current, ΔIL, for the inductor has been set at 

10%, and the inductor used for filtering voltage has been 
0.95 mH.  

The output filter capacitor has been determined by 
selecting the ripple voltage output ΔVo=0.25%, as shown 
in (30): 
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TABLE I 
PARAMETERS OF THE DESIGNED POWER CONVERTER 

Items Value 
Input voltage Vin 400 VDC 

PV output voltage range 370 VDC - 400 VDC 
Battery voltage Vout 24 VDC 

Output voltage ripple ΔVout  0.25% 
Switching frequency fs 50 kHz 

Maximum duty cycle Dmax 50 % 
 
The resonant frequency of the ZVS switching between 

the energy stored in the transformer leakage inductors 
and the capacitor of the MOSFET power switching 
devices for the four switches is calculated as shown in 
Eq. (31) [30]-[32]: 
 

 

1
2r

r r
f

L C



 (31) 

 
The leakage inductance is calculated as shown in (32): 

 

 
2 24 /r d rL t C   (32) 

V. Simulation Results 
The full-bridge high-frequency power converter for 

photovoltaic application tested the operation and the 
performance of the proposed system. The 
MATLAB/Simulink environment has been selected for 
simulating the whole function. In the first part of the 
power circuit, the full-bridge phase-shifted ZVS power 
converter has operated under PWM switching signals.  

The shifting method of driving phase signal has 
allowed the switching scheme of the power device to be 
in ZVS mode and has resulted in effective voltage 
control. The second part has been a high-frequency 
power rectifier circuit that has converted AC-DC voltage 
with a high-frequency diode device, D1-D4, as presented 
in Fig. 1. Fig. 6 shows the prototype of a full-bridge 
high-frequency power converter used to test the whole 
performance function. The PWM switching signals, S1-
S4, with the phase-shifted method, have showed a 
simplified circuit of a phase-shifted full bridge power 
converter. The duty cycle of the switch signal has been 
50%. The driving signal of the power switch of S1 and S2 
has been divided into 50% of the switching period. 
Similarly, S3 and S4, the performance of the phase-shifted 
signal is shown in Fig. 7. Fig. 8 shows the switching 
operation in the phase-shifted full-bridge power 
converter circuit on the primary side of the high-
frequency transformer, where the relationship between 
VGS and VDS shows that S1-S4 have achieved ZVS 
function in different output power levels.  

The simulation results have showed the primary 
voltage and the primary current of the high-frequency 
transformer obtained from the full-bridge phase-shifted 
power converter circuit. The PWM waveforms powered 
by the phase-shifted method of S1-S4 switches according 
to the conditions described above are presented in Fig. 9.  

 
 

Fig. 6. Prototype of the full-bridge high-frequency power converter 
 

1S

2S

3S

4S
 

 
Fig. 7. Driving Signal, S1-S4, of the proposed power converter 

 

GSV

DSV

 
 

Fig. 8. The waveforms for the ZVS mode of the power switch 
 

The simulation results have showed that the high-
frequency transformer's secondary voltage and the 
secondary current had the output voltage control, as 
shown in Fig. 10. Fig. 11 shows that changing input 
voltage by switching the full-bridge phase-shifted power 
converter, which has maintained the rated voltage of 370 
VDC–400 VDC, and the circuit phase-shifted full-bridge 
power output voltage converter has been able to be 
controlled at a constant of 24 VDC. The output voltage 
regulation of the proposed power converter has been 
obtained by generating electricity with renewable energy, 
especially the photovoltaic application. The proposed 
phase-shifted full-bridge power converter can achieve the 
required design rating compared to the conventional 
power converter circuits from the simulation results. 
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pI

pV

 
 

Fig. 9. Primary voltage and current 
of the full-bridge phase-shifted power converter 

 

sV

sI

 
 

Fig. 10. Secondary voltage and current 
of the full-bridge phase-shifted power converter 

 

outV

inV

 
 

Fig. 11. Comparison between the input voltage and output voltage of 
power converter when changing the state of the switching 

 
The phase-shifted full-bridge power converter takes 

advantage of the switch operating range element in the 
power circuit in order to ensure zero voltage switching 
by providing a ZVS soft switch scheme. The simulated 
power converter has selected the phase-shifted principle 
in conjunction with a high-frequency transformer. It has 
controlled the output voltage of the power converter 
circuit to the desired constant values.  

New switching control techniques for full-bridge 
converters are presented under controlled conditions in 
phase-shifted switching mode in a zero-voltage 
switching.  

The simulation results of loss analysis patterns and 
pivot points between a mode for full-bridge converters 
are presented with an input voltage range of 370 VDC to 
400 VDC and controlled output voltage at 24 VDC. The 
phase-shifted ZVS of full-bridge power converter has 
been operated under the zero-voltage switch principle 
and the control signal PWM in the phase-shifted 
technique.  

The power converter has consisted of a high-

frequency full-bridge power converter circuit to increase 
the DC voltage level at the rated voltage of 400 VDC to 
24 VDC.  

The simulation results have showed that when the 
input voltage has changed the full-bridge phase-shifted 
ZVS power converter at the rated voltage of 370 VDC - 
400 VDC, the output voltage of the full-bridge phase-
shifted ZVS power converter could control the output 
voltage at a constant of 24 VDC. 

VI. Conclusion 
This paper has proposed the phase-shifted full-bridge 

power converter, which has operated under the ZVS 
principle together with the phase-shifted technique of 
PWM driving signal of power switches. The proposed 
high-frequency power converter operates using the full-
bridge power converter circuit in order to control the 
desired voltage level at the rated voltage. The high-
frequency transformer is designed under the optimal 
sizing with small size and low switching loss criterion.  

The power rectifier circuit and the low pass filter are 
also designed under the optimal condition and the desired 
value.  

The simulation results have showed that the proposed 
phase-shifted full-bridge power converter could control 
the varying input voltage from the photovoltaic source to 
the rated desired voltage. The output voltage of the 
phase-shifted full-bridge power converter has been 
controlled at a constant of 24 VDC for battery charging 
applications.  

By controlling the proposed switch, the technique can 
significantly reduce losses under standby and light load 
conditions and provide satisfactory dynamic performance 
even under changing between different modes.  

Therefore, there is a considerable possibility that the 
proposed techniques can be the parliamentary design of a 
phase-shifted power converter for future works. 
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