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Abstract 
 

An analysis of the junction capacitance in resonant rectifiers which has a significant impact on the operating point of 
resonance circuits is studied in this paper, where the junction capacitance of the rectifier diode is to decrease the resonant current 
and output voltage in the circuit when compared with that in an ideal rectifier diode. This can be represented by a simplified 
series resonant equivalent circuit and a voltage transfer function versus the normalized operating frequency at varied values of 
the resonant capacitor. A low voltage to high voltage push-pull DC/DC resonant converter was used as a design example.    
The design procedure is based on the principle of the half bridge class-DE resonant rectifier, which ensures more accurate results. 
The proposed scheme provides a more systematic and feasible solution than the conventional resonant push-pull DC/DC 
converter analysis methodology. To increase circuit efficiency, the main switches and the rectifier diodes can be operated under 
the zero-voltage and zero-current switching conditions, respectively. In order to achieve this objective, the parameters of the 
DC/DC converter need to be designed properly. The details of the analysis and design of this DC/DC converter’s components are 
described. A prototype was constructed with a 62–88 kHz variable switching frequency, a 12 VDC input voltage, a 380 VDC 
output voltage, and a rated output power of 150 W. The validity of this approach was confirmed by simulation and experimental 
results. 
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I.  INTRODUCTION 

The push-pull resonant converter topologies in [1]-[3] were 
used in front-end DC/DC converters for distributed power 
generation based on battery-based energy storage or 
renewable energy systems [4]-[8] such as photovoltaic, fuel 
cells, wind turbines, etc. The push-pull resonant converter 
topology is suitable for unregulated low-voltage, VLVDC, to 
high-voltage, VHVDC, power conversion systems, which feed 
stand-alone and grid-connected inverters. The power 
conditioning system architecture consists of a first stage 
DC/DC converter and a second stage DC/AC inverter,        

LVDCV HVDCV

 

Fig. 1.  Power conditioning system for renewable energy. 
 
and is depicted in Fig. 1. The advantages of the push-pull 
resonant converters include their low component count and 
their ability to operate under zero voltage switching (ZVS) 
and zero current switching (ZCS) conditions [9], [10].  
These advantages result in a higher overall system efficiency. 
For higher power applications, paralleling DC/DC converters 
is a better choice than paralleling too many power MOSFETs 
[11], [12]. There are active paralleling techniques with the 
current sharing control method. However, they make the 
controller more complicated and increase the controller cost. 
Current fed push-pull converters that use only an input 

Manuscript received Jan. 13, 213; revised Apr. 30, 2013 
Recommended for publication by Associate Editor Joung-Hu Park 
†Corresponding Author: chainarine@kmutnb.ac.th  
Tel: +66-2555-2000, Fax: +66-2587-4846, KMUTNB 
*Dept. of Electronic and Telecommunication Engineering, King 
Mongkut’s University of Technology Thonburi, Thailand 



                Journal of Power Electronics, Vol. 13, No. 4, July 2013        627 
 

inductor to obtain a small ripple in the input current have 
been presented [13], [14]. In reality, the junction capacitance 
of the rectifier diode of a push-pull resonant DC/DC 
converter cannot be neglected in high voltage and 
high-frequency operations. This is because the junction 
capacitance decreases the resonant current and output voltage. 
Due to the effect of the junction capacitance, it is very 
difficult to design all of the parameters for the converter 
[15-16]. The objective of this paper is to introduce an 
analysis of the junction capacitance in a half bridge rectifier 
diode which has a significant impact on the operating point   
of the resonance circuit. This is accomplished by using the 
principle of a half bridge class-DE rectifier with a push-pull 
resonant converter. The proposed scheme ensures more 
accurate results and provides a more systematic and feasible 
solution. The effects of the commutation of the transformer 
magnetizing current, the drain-source junction capacitance, 
the leakage inductance of the transformer, the resonant 
capacitance, the power MOSFETs and the power diodes can 
be turned on under the ZVS and turned off under the ZCS 
conditions, respectively. In order to achieve this objective, 
the parameters of the DC/DC converter need to be designed 
properly and the details of analysis and design of this DC/DC 
converter’s components need to describe. 

This paper is divided into six sections. In Section II, the 
circuit description is presented. In Section III, an analysis of 
the junction capacitance in the half bridge class-DE resonant 
rectifier for a ZVS push-pull resonant converter is presented. 
The design procedure for the components is reported in 
Section IV. Simulation and experimental results to support 
the theoretical analysis are presented in Section V. Some 
conclusions are given in Section VI. 

II.  CIRCUIT DESCRIPTION 

Figure 2(a) illustrates the circuit of the proposed ZVS 
push-pull resonant converter with a half bridge class-DE 

resonant rectifier studied in this paper. It consists of a 
high-frequency center-tapped transformer TR, and has a 
center-tap at the primary winding of the push-pull type 
converter. The ZVS push-pull resonant converter is 
composed of bidirectional two-quadrant switches, M1 and M2, 
with a duty ratio of nearly 0.5. Each switch is composed of a 
transistor and an anti-parallel diode. The switch can conduct 
either positive or negative current. The output voltage 
regulation is controlled by varying the operating frequency. 
The resonant inductor, Lr, consists of the secondary leakage 
inductor of the high-frequency transformer, LlS, and two 
additional primary leakage inductors, LlP1 and LlP2. It is: 
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The value of the leakage inductor of the high-frequency 

transformer depends on the physical conditions [17] such as 
the magnetic material, air gap size, winding, etc.        
The equivalent circuit of the transformer is illustrated in Fig. 
2(b), where the parameter values of the transformer are 
measured by an LCR meter. However, the magnetizing 
inductor of the transformer is very large. Thus the 
magnetizing current can be neglected. The resonant capacitor, 
Cr, is relatively the series capacitor, Cs, and the junction 
capacitors, CD = CD1 = CD2 of half bridge class-DE resonant 
rectifier diode. Lr and Cr are employed to achieve soft 
switching operation. The class-DE rectifier makes the output 
voltage equal to twice the peak output of the transformer by a 
two bulk-filter capacitors, CO = CO1 = CO2, where capacitor 
CO is large enough. Therefore, the output voltage, Vout, can be 
considered as constant and is supplies a load resistor, RL. The 
series circuit, Lr –Cs, is fed by the square-wave output voltage 
of the secondary side of the high-frequency transformer and 
converted to a high-frequency current source to drive the half 
bridge class-DE resonant rectifier.  
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Fig. 2. Proposed ZVS push-pull resonant converter and transformer model. 
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Fig. 3. Key waveforms of the proposed push-pull converter. 
 

III.  ANALYSIS OF THE JUNCTION CAPACITANCE IN 
     HALF BRIDGE CLASS-DE RECTIFIER DIODES 

The principle of operation of the half bridge class-DE 
rectifier with a push-pull resonant converter is explained by 
the waveforms shown in Fig. 3. The main switches and the 
rectifier diodes can operate under ZVS and ZCS conditions, 
respectively. It is reasonable to consider the transformer 
secondary side as a sinusoidal current source ir, which is also 
the input current source of the half bridge class-DE rectifier. 
The operation of the proposed converter can be divided into 
four modes. The circuit schemes of the operating modes are 
depicted in Fig. 4. A detailed analysis of the complete 
operation including the four modes is described as follows: 

 
Mode 1: In this mode, depicted in Fig. 4(a), the junction 

capacitor voltage of switch M1 is completely discharged and 
1DSu decreases to zero. Then switch M1 is turns on under the 

ZVS condition by commutation of the transformer 
magnetizing current and drain-source junction capacitance.  
At the same time, the junction capacitor voltage 2DSu of 
switch M2 is charged from zero to 2Vin. In the secondary side, 
diode D2 turns off under the zero-current condition by current 
iD2 through the rectifier diode by the series resonant circuit  
Lr –Cr. 

 
Mode 2: This mode is the commutation time of the 

converter. Switches M1 and M2 are turned off. The junction 
capacitor between the drain-source of switch M1, CM1, 
charges voltage 1DSu until it is increased to 2Vin and the 
junction capacitor between the drain-source of switch M2, 
CM2, discharges voltage 2DSu until it is reduced from 2Vin to 
zero. Simultaneously, the half bridge rectifier junction 
capacitor CD1of diode D1 discharges to zero and junction 
capacitor CD2 of diode D2 charges from zero until its voltage 
reaches –Vout as shown in Fig. 4(b). 

 
Mode 3: Figure 4(c) shows that junction capacitor voltage 

of switch M1 is completely charged and 1DSu increases to 2Vin. 
Then M1 is turned off under the zero-current condition. 
Switch M2 begins conducting. Current iM2 through switch M2 
at primary side of the transformer operates at zero-voltage.  
At the same time, diode rectifier D1 of the class-DE rectifier 
turns off under the zero-current condition by current iD1 

through the rectifier diode. 
 
Mode 4: In Fig. 4(d), both switches M1 and M2 are turned 

off, the junction capacitor between the drain-source of switch   
M1, CM1, discharges voltage 1DSu from 2Vin until its   
voltage reduces to zero. The junction capacitor between the 
drain-source of switch M2, CM2, charges voltage 2DSu until it 
is increased to 2Vin. Simultaneously, at the half bridge 
rectifier, junction capacitor CD1 of diode D1 is charged until 
its voltage reaches –Vout and junction capacitor CD2 of diode 
D2 discharges its voltage to zero. Then, D2 turns off under 
zero-current.  

 
It should be noted that the circuits in Fig. 4(b) and (d), 

effects the commutation of the transformer magnetizing 
current and the drain-source junction capacitances, CM1 and 
CM2 of switches, M1 and M2. The power MOSFETs can be 
turned on under ZVS, when the voltage of the parasitic 
drain-source capacitor falls to zero. However, the switch must 
be turned on before ( )S tu is increased to Vout/2. The parasitic 
drain-source capacitor is charged again to exceed zero when

( )S tu is equal to Vout/2. Thus the main switch is not operated 
under ZVS. Therefore, the dead time in this proposed 
push-pull resonant converter is largely from operating modes 
2 and 4. The analysis of the junction capacitance in the half 
bridge class-DE resonant rectifier for push-pull ZVS resonant 
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converters is demonstrated by the equivalent circuit, as 
shown in Fig. 5. The diode, D1, of the half bridge class-DE 
resonant rectifier operates during the positive half-cycle of 
the high-frequency transformer secondary side square-wave 
voltage, while the equivalent circuits of secondary side of   
the high-frequency transformer are modeled by a square-   
wave voltage source, .Su The fundamental component is 

( ) sin ,S S st V tu w= where sw is the switching angular frequency 
and the diode, D2, operates during the negative half-cycle. 
The equivalent circuit describing the impact of the junction 
capacitance of the half bridge class-DE resonant rectifier 
diode in high output voltage and  high switching frequency  
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Fig. 4. The operation mode of the proposed circuit. 

ri

rL sC

Su

2
outV

LR

1D

2D 2DC

1DC Li

2
outV

OC

OC
outV

1Di
ri

rL sC

Su

2
outV

LR

1D

2D

DC

DC

Li

2
outV

OC

OC
outV

1Di 1Du

 (a) (b) 
 

ri

rL sC

Su

2
outV

LR

1D

2D 2DC

2 DC

Li

2
outV

OC

OC
outV

iZ

1Di
rL sC

Su
ri

ipR
ipC

iZ

 (c) (d) 
 

rL

sC

Su
isCri

iZ
isR

 
rC

rL

Su ri

rC

isR

 
 (e) (f) 

 

Fig. 5. The equivalent circuit describing the impact of the 
junction capacitance of the half bridge class-DE rectifier diode.  
 
operations is shown in Fig. 5(a). Because the  two dc 
voltage sources, Vout/2, appears as a short circuit to  the ac 
component, the junction capacitors, CD1 and CD2, are 
interchangeable, as shown in Fig. 5(b). 

In this circuit, capacitor CDE1 is connected in parallel with 
capacitor CD2 and they can be combined into one capacitor 
2CD = CD1 + CD2, as shown in Fig. 5(c). Figure 5(d) illustrates 
the model of the half bridge class-DE rectifier with a 
push-pull resonant converter. The input impedance of the 
class-DE rectifier is represented by a parallel Rip–Cip circuit, 
which can then be converted into a series combination of the 
input resistor, Ris, and the input capacitor, Cis, based on the 
principle of the half bridge class-DE rectifier [18-20], as 
shown in Fig. 5(e). However, the value of the input capacitor, 
Cis, of the half bridge class-DE rectifier depends on the 
junction capacitance in rectifier diode, CD, which has a 
significant impact on the operating point of the resonance 
circuit, as shown in Fig. 5(f). Hence, the normalized input 
impedance of the half bridge class-DE rectifier can be 
described by: 
 

 2i s D i is CisZ C Z R jXw¢ ¢ ¢= = -  (2) 
 

where isR¢ and CisX ¢ are the normalized resistance and reactance 
which can be obtained by: 
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The series capacitors Cs–Cis circuit is replaced by       

an equivalent capacitor, which is represented by Cr = 
CsCis/(Cs+Cis), as shown in Fig. 5(f). As a result, the junction 
capacitance in the half bridge class-DE resonant rectifier 
diode is highly important because of the effects of the 
resonance, which ensures more accurate results than the 
push-pull resonant converters reported previously [13-14]. 
The plots of the magnitude of the AC/DC voltage transfer 
function Vout/VS versus the operating frequency fs/fr at varied 
values of the resonant capacitor, Cr, are shown in Fig. 6.    
It can be seen the impact of the junction capacitance of the 
rectifier diode cannot be neglected, because the junction 
capacitance is to decrease the output voltage of the proposed 
circuit. The range of QL is from 1.5 to 0.02. With the above 
design, the operating region of the converter is shown as the 
shaded area in Fig. 7. It can be seen from the operating region 
that under a light load, the switching frequency needs to 
increase a great deal to keep the output voltage regulated. 
This is a main drawback for series resonant converters.   
Thus the push-pull DC/DC converter proposed in this paper 
is suitable for a narrow load range. 

 

IV.  DESIGN PROCEDURE 

The design of the proposed ZVS push-pull resonant 
converter with a half bridge class-DE rectifier can be 
functionally divided into two parts: the ZVS push-pull 
converter and the ZCS half bridge class-DE rectifier.     
The design procedure for the ZVS push-pull resonant 
converter with the effect of the junction capacitance, by using 
the principle of the class-DE resonant rectifier is determined 
as follows: 
1. Chooses the output voltage, Vout, and the maximum output 

power, Pout, and then calculate the minimum load, RLmin. 
2.  Find the loaded-quality factor, QL, value by assuming that 

the switching frequency, fs, is approximately equal to the 
resonant frequency, fr, for full power. 

3. Find the input impedance of the half bridge class-DE 
resonant rectifier, Zi_f = Ris_f – jXCis_f. 

4.  Find the resonant inductor, Lr, which is composed of the 
secondary leakage inductor, LlS, and two additional 
primary leakage inductors, LlP1 and LlP2. 

5.  Find the resonant capacitor, Cr. 
6.  Find the series capacitor, Cs, which is related to the 

resonant capacitor, Cr, and the input capacitance, Cis, of 
half bridge class-DE resonant rectifier. 

7.  Find the value of output capacitor,  CO, choose the ripple  
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Fig. 6. Vout/VS versus fs/fr at varied values of resonant capacitor. 
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Fig. 7. Vout/VS versus fs/fr at varied values of quality factor. 
 
 voltage and assume that the CO is large enough. Thus Vout 

can be considered as a constant. 
8.  Finally, the transformer design of the proposed ZVS 

push-pull resonant converter with a half bridge class-DE 
resonant rectifier is the same as the pulse-width 
modulation (PWM) push-pull DC/DC converter. 

 

A. DC/DC Converter Design 
The equivalent circuit of the half bridge class-DE rectifier 

with the ZVS push-pull converter is shown in Fig. 5.     
For steady-state operation, where the operation at an 88 kHz 
switching frequency, the input voltage is Vin = 12 VDC, the 
output voltage is Vout = 380 VDC and RLmin is: 
 

 LminR =
2

out

outmax

V
P

=
2380

150
= 962.67 .W . (5) 

 
where the maximum output power is 150 W, the output 
voltage [18] can be described by (6) and the maximum value 
of the resonant current, Ir, is given by (19): 
 

 outV = r Lmin

s D Lmin

I R
C Rp w+
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 = 3 12
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´
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= 379.33V.  (6) 

 
Assume that fs = fr at full power. The loaded-quality factor, 
QL, is then given by: 
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= 0.96.        (7) 

 
Under a full load, the input impedance of the half bridge 
class-DE resonant rectifier can be expressed as: 
 

 _i fZ = _ _is f Cis fR jX- =193.59 7.96 ,j- W      (8) 
 

where:
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 = 227.27nF.    (10) 
 
where 4L r D LminR f C Rp¢ = = 0.0106 is the normalized effective 
load resistance. Hence, the resonant inductor is given by: 
 

 rL =
2

L is

r

Q R
fp

= 3
0.96 193.59
2 88 10p

´

´ ´
= 336.11μH.  (11) 

 

The resonant capacitor is obtained by: 
 

rC  = 1
2 r L isf Q Rp

= 3
1

2 88 10 0.96 193.59p ´ ´ ´ ´
= 9.73nF.  (12) 

 
However, to compensating the decrease in the resonant 
capacitance, Cr, due to the junction capacitance, Cis, with an 
increase in the series capacitor, Cs, is given by: 
 

sC  = is r
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Finally, the value of the output capacitor, CO, is used for 
energy storage and to achieve a ripple voltage, Vripple, of less 
than 2%. Thus the value of the filter capacitor is given by: 
 

   OC ³
2

out

s Lmin ripple

V
f R V

 

 = 3
380

2 88 10 967.67 7.6´ ´ ´ ´
= 293.58nF.  (14) 

 
Therefore, a standard value of 1μF is selected for CO. 
 

B. Conduction Loss Analysis 
The proposed circuit is composed of three major 

components. These three components are the power 
MOSFET, power diode, and push-pull transformer. The 
equivalent circuit of the proposed converter for conduction 
loss analysis is shown in Fig. 8. The MOSFETs are modeled 
by switches with the on-resistances, rDS1 and rDS2. The 
resistances, rP1, rP2, and rS represent the equivalent resistances 
of the physical primary and secondary leakage inductors, LlP1, 
LlP2 and LlS of the transformer, respectively. The power 
diodes are modeled by switches with the constant voltage 
source, VF, and the on-resistances, rD1 and rD2. Therefore, the 
maximum value of the drain current, Im, is given by (15). In 
testing the efficiency of the push-pull transformer under full 
power, it can be assumed that the total efficiency,h , was 
equal to 0.93. Consequently, the power loss in each MOSFET 
forward resistance, rDS, is given by (16): 
 

 inI = mI =
2

out
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P
V

p
h

=
150

2 0.93 12
p ´
´ ´

= 21.11A.  (15) 

 

 rDSP =
2

4
m DSI r

=
2 321.11 4.5 10

4

-´ ´
= 501.34mW.    (16) 

 
The converter employs (IRFP2907 International Rectifier) 
MOSFETs, each with an on-resistance, rDS, of 4.5 mΩ.        
The power loss in the diodes, D1–D2, due to the forward 
voltage, VD = VD1 = VD2, is obtained as: 
 

 DBP = D DV I = D out

out

V P
V

=
1.3 150

380
´

= 513.16mW.    (17) 

 
The half bridge rectifier was built using a (MUR840 Intersil) 
fast-recovery diode with a pn junction diode (VD = 1.3 V). 
The ESR of the primary leakage inductor is rP = rP1 = rP2 = 
22.9 mΩ. Therefore, the conduction loss in the resonant 
inductor, LP= LP1 = LP1, is: 
 

 rpP =
2

4
m PI r

=
2 321.11 22.9 10

4

-´ ´
= 2.48W.  (18) 
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TABLE I 
CIRCUIT PARAMETERS OF THE PROTOTYPE 

Parameter Symbol Value and 
Part Number 

Input voltage Vin 12 VDC 
Output voltage Vout 380 VDC 
Maximum output power Pout 150 W 
Switching frequency fs 62–88 kHz 
Turns ratio NP1 : NP2 : NS 1 : 1 : 17 
MOSFETs M1, M2 IRFP2907 
Fast recovery diodes D1, D2 MUR840 
Series capacitor Cs 10.16 nF 
Diode junction capacitors CD1, CD2 10 pF 
Bulk-filter capacitors CO1, CO2 1 μF 
Resonant inductor Lr 336 μH 

 
The parasitic resistance of the secondary leakage inductor, rS, 
is 640 mΩ, and the maximum value of the resonant current, Ir, 
is given by (19). Thus the conduction loss in the inductor, LlS, 
is obtained by (20): 
 

rI  =
( )2out r D Lmin

Lmin

V f C R
R

p p+
 

 =
( )3 12380 2 88 10 10 10 962.67

962.67

p p -´ + ´ ´ ´ ´ ´
 

 =1.24A.   (19) 
 

rsP  =
2

2
r SI r

=
2 31.24 640 10

2

-´ ´
= 492.03mW.  (20) 

 
Conduction losses due to the parasitic resistance in the all of 
capacitors are very small. Therefore, their affects were 
neglected. 

 

V.  SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation Results 
The simulated output voltage versus the varied junction 

capacitance of the rectifier diode and the varied switching 
frequency are shown in Fig. 9 and 10, respectively. It can be 
seen that the impact of the junction capacitance of the 
rectifier diode cannot be neglected at high frequency and high 
voltage conditions, where the large junction capacitance of 
the rectifier diode and the high-frequency operation are to 
decrease the output voltage in the circuit. These issues can be 
solved by using the principle of the half bridge class-DE 
rectifier with a push-pull resonant converter. The proposed 
scheme can ensures more accurate results and provided a 
more systematic and feasible solution than the conventional 
resonant push-pull DC/DC converter analysis methodology. 
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Fig. 8. Equivalent circuit of the proposed circuit. 
 

Figure 11 depicts the output voltage versus the varied load 
resistance. It can be seen that the output voltage regulation   
is controlled by the frequency modulation technique.      
The simulated waveforms of the diode junction capacitance 
voltage and current of diode D1, the drain-source voltage and 
drain current of MOSFET M1, and the input current are 
shown in Fig. 12. They roughly match the key waveforms of 
the proposed push-pull converter shown in Fig. 3. Due to the 
effects of the commutation of the transformer magnetizing 
current and drain-source junction capacitances, CM1 and CM2, 
of switches, M1 and M2, the power MOSFETs can be turned 
on under the ZVS condition. The diode begins to turn     
off when its current reaches zero. The current passing through  
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Fig. 9. Simulated output voltage versus varied junction 
capacitance of rectifier diode. 
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Fig. 10. Simulated output voltage versus varied switching 
frequency. 
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Fig. 11. Simulated output voltage versus varied load resistance.             
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Fig. 12. The simulated waveforms of the junction capacitance 
diode voltage 1CDu and current iCD1 of diode D1, drain-source 
voltage 1DSu and current iM1 of switch M1, and input current iin. 
 
the junction capacitances, CD1 and CD2, shapes the voltage 
across the diode in accordance with the equation

1,2 1,2 1,2( ) / .CD D CDi C d dtu= Because iCD1,2 is zero at turn-off, 

the diode turns off at a low dυ/dt. The diode turns off at a low 
dυ/dt to reduce the turn-off switching loss and noise.    
Figure 13 shows the simulated resonant current waveforms of 
the ideal diode and non-ideal diode of the half bridge 
resonant rectifier. These waveforms show that the resonant 
current in the non-ideal diode of the half bridge resonant 
rectifier has to decrease the value when compared to the ideal 
diode. The higher value for the junction capacitance is the 
main drawback of this circuit. 
 
B. Experimental Results 

A prototype of the proposed half bridge class-DE resonant 
rectifier with a ZVS push-pull resonant converter was 

constructed using the component values obtained from the 
design procedure given above. The circuit parameters are 
presented in Table I. The switching frequency was varied at 
about 62–88 kHz. The input voltage was set to 12 VDC.    
The waveforms of the input current and resonant current are 
shown in Fig. 14. These waveforms show that the input and 
resonant currents become close to sinusoidal. The waveforms 
of the switch voltage and switch current of M1 are depicted in 
Fig. 15. Figure 16 illustrates the switch voltage and switch 
current waveforms of D2 of the half bridge class-DE rectifier. 
It can be seen that the power MOSFETs and power diodes are 
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Fig. 13. Comparison of the simulated resonant current ir 
waveforms of the ideal and non-ideal diodes of the half bridge 
resonant rectifier. 
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Fig. 14. Experimentations input current iin and resonant current ir 

waveforms. 
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Fig. 15. Experimentations switch voltage and current waveforms 
of M1, with the lower two waveforms as zoomed-in views of the 
top two waveforms. 
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Fig. 16. The measured waveforms of the diode voltage 2Du and 
current iD2, with the lower two waveforms as zoomed-in views of 
the top two waveforms. 
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Fig. 17. Measured input voltage, current, and rated output power 
waveforms. 
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Fig. 18. Efficiency as a function of output power. 
 

turned on under ZVS and turned off under ZCS conditions, 
respectively. This is due to the effects of the commutation of 
the transformer magnetizing current, the drain-source 
junction capacitance, the leakage inductance of the 
transformer, and the resonant capacitance. The measured 
efficiency of the class-DE rectifier with a ZVS push-pull 
converter was approximately 92.97% at full power, as shown 
in Fig. 17. Figure 18 shows the conversion efficiency versus 
the output power when the supplied load is changed from 30 
to 150 W. The maximum conversion efficiency was 95.63 %. 
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Fig. 19. Output voltage versus output power and varied 
switching frequency. 
 
Because the maximum efficiency occurred in the 
high-frequency transformer, the core losses equal the copper 
losses. The min and max values of efficiency are slightly 
different. The relationship of the output power and the 
conversion efficiency, when the switching frequency was 
varied, is shown in Fig. 19. Thus the output voltage 
regulation is controlled by the frequency modulation mean.  
It can be shown that the low voltage to high voltage resonant 
push-pull DC/DC converter proposed in this paper is suitable 
for a narrow load range. 
 

VI.  CONCLUSION 

In this paper, the junction capacitance in a half bridge 
rectifier diode which has a significant impact on the operating 
point of the resonance circuit at high-frequency and     
high voltage conditions has been analyzed, by using the 
principle of the half bridge class-DE resonant rectifier with a 
push-pull resonant converter. The proposed scheme ensures 
more accurate results and provided a more systematic and 
feasible solution than the conventional resonant push-pull 
DC/DC converter analysis methodology. All of the power 
switches are operated under the soft switching condition.   
The prototype front-end ZVS push-pull converter, operate at 
a 62–88 kHz variable frequency, and has a 12-VDC input 
voltage, a 380-VDC output voltage, and a rated output power 
of 150 W. The designed ZCS class-DE rectifier with a ZVS 
push-pull resonant converter had a measured efficiency of 
approximately 92.97% at full power. The presented 
simulation and experimental results verify the analysis. 
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