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Abstract 
 
This research paper presents zero-voltage and zero-current switching method for full-wave three-level DC-DC 
converters, to reduce power loss due to switching of devices in the DC-DC converter. Principles and methods of 
reducing power loss for this research will be used to switch devices when turn-on and turn-off by controlling the 
generation of PWM signals with phase shifting with microcontroller DSPTMS320F28377S. The results, when 
simulated by MATLAB/Simulink program, compare with the prototype, found that when combined with the non-linear 
load in the ZVZCS state, the efficiency is equal to 89.90%. Accordingly, connected to the non-linear load in the no-
ZVZCS state, the efficiency is equal to 81.20%. 
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1. Introduction 
 
DC-DC converters used with switching power supplies often 
experience power loss from device switching. Works 
requiring high-power and high-frequency power often result 
in increased power loss from device switches, and the 
efficiency of the DC-DC converter is also reduced. The 
problem is therefore extensively investigated by researchers 
and found that the use of gentle switch principles can reduce 
energy loss. This principle has various conditions and 
methods such as zero-voltage switching (ZVS), zero-current 
switching (ZCS), accordingly the switch is at zero-voltage 
zero-current switching (ZVZCS) etc. Reducing the power loss 
due to the switch means that the voltage and current 
waveforms of the switch do not overlap, which will cause no 
loss. This type of zero-voltage switching occurs during the 
turn-on of the device. Moreover, zero-current switching 
occurs during turn off. Both techniques also lose power at the 
beginning of the current and stop conducting the same.  
 A zero-voltage and zero-current-switching (ZVZCS) 
PWM combined three-level DC-DC converter, the advantage 
is that all switch devices operate at only half the voltage. 
Moreover, the filtered voltage will get the output close to the 
output voltage, allowing the inductor to be filtered very and 
also resulting in the voltage of the rectifier decreasing as well 
[1]. Soft switches pulse width modulation of the DC-DC full-
bridge converter with the control of the secondary rectifiers 
of high-frequency transformers. Nevertheless, the switching 
device will use the control snubber circuit on the secondary 
side of the high frequency transformer for creating the control 
algorithm PWM for use in the opening and closing conditions 
of zero-voltage and zero-current. Consequently, using a 
snubber circuit can recover energy as the voltage transistor 
can be turned off at the center on the secondary side of the 

transformer [2]. Modulation format for converters dual-
active-bridge (DAD) to reduce rms current in a variety of 
operating conditions. Nevertheless, use the basic fundamental 
duty modulation (FDM) principles for component analysis, 
the dual-active-bridge, by modifying the PWM signal in the 
best FDM basic domain to be used with simple controllers 
without classifying the calculation mode. The operating 
characteristics, including the size, rms currents and 
characteristics of ZVS, will be analyzed to compare the loss 
of the principles presented with the latest related work. The 
proposed FDM confirms the operation of high efficiency 
modulation under wide operating conditions due to reduced 
heat [3]. A novel zero-voltage and zero-current switching 
(ZVZCS) pulse width modulation half-bridge three-level DC-
DC converter, compared with traditional ZVZCS PWM three-
level DC-DC converter. Nevertheless, this converter does not 
include an additional resonant circuit, it can be used with 
switching ZVS devices consisting of inductors, capacitors and 
snubber. This converter can effectively reduce the voltage and 
the spikes of the switch device and effectively reduce the loss 
of current. The working principle of the new converters and 
soft-switch deployment conditions is analyzed according to 
the equivalent circuits in each step, able to confirm 
satisfactory operation [4]. A new converter using DT-ADB 
asymmetric double transformers with secondary phase 
change control strategies. The main side of the DT-ADB 
converter will be a full bridge and the second side is a semi-
automatic bridge consisting of one active leg and two passive 
legs. The current and power of the transformers is 
automatically shared using the primary-side-series and 
secondary-side-parallel configuration and the ratio of the two 
transformers. The high-frequency link inductors are reduced 
as the voltage applied to the inductors decreases compared to 
the converters, resulting in better efficiency and energy. Zero 
voltage activation of all active switches and zero-current turn-
off of all diodes can be achieved over a wide operating range, 
resulting in the loss of on-off of the secondary switch used. 
The work is reduced because half of the output current 
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flowing through the switch. The proposed topology also has 
the advantages of continuous output currents and small output 
filter requirements, resulting in good performance [5]. High 
efficiency and high power density can be achieved with DC-
DC transformers by operating all switch devices at a 50% 
duty cycle, but the output voltage of DC-DC transformers 
cannot be controlled. The output voltage of this 
uncontrollable DC-DC transformer uses a rectifier ABRS, 
fundamentally ABR consists of a traditional rectifier diode 
and a bidirectional switch. Where ABR is used for controlling 
the phase change between primary and secondary switch that 
can adjust the output voltage. For this reason, the soft-
switching DC-DC converter will be used in the continuous 
conductivity mode, resulting in improved ZVS performance. 
In addition, the diode recovery problems were alleviated 
using the ABR control scheme [6]. The development of a soft 
switch for a five level dc-dc converter is used for zero voltage 
switching conditions for all control switch devices. This 
switch device uses pulses from the gate to create a PWM 
controller. The primary operating mode of the converter 
offers simulation results and compares the switching loss of 
the proposed converter with no zero voltage switching model 
[7]. The strict control of the switching behavior of the switch 
in the process of turning on and off the power device must 
withstand high voltage currents resulting in high stress and 
high switching loss. The switching loss is directly 
proportional to the switching frequency. The device can help 
to reduce the maximum switch frequency with an electrical 

power converter. Therefore, using ZCS, or ZVS will allow the 
switch to control power. In general, resonance occurs during 
the closing and opening processes in the ZCS and ZVS 
generation process. The offering of multiple DC-DC 
converters with three and five controllers under ZVS 
conditions consists of three outputs and two asymmetric 
converters, which are controlled depending on the phase 
change between the two asymmetrical converters [8]. This 
research therefore developed a technique of zero-voltage 
zero-current switching (ZVACS) to combine the advantages 
and disadvantages of both methods. This reduces the power 
loss in both the turn-on phase and the turn-off period as 
intended. 
 
 
2. Proposed Scheme and Related Principles 
 
Zero-current and zero-current switch efficiency analysis for 
full-wave three-level DC-DC converters, in order to reduce 
power loss due to switching of devices in the dc-dc converter 
[9]-[13]. This research, use of PWM phase shift controls 
accordingly reverse control to control the power supplied to 
the non-linear loads. The mechanism of this prototype 
consists of two parts: the first part is a three-level DC-DC 
converter using ZVZCS switching technique, the second part 
is to control the three-level DC-DC converter with techniques 
for switching ZVZCS. 

 

 
a. The first part 

 
b. The second part 
Fig. 1. Diagram mechanism of this prototype 

 
 Fig. 1, the DC-DC three-level converter is a used for 
supplying non-linear loads, with the three-level DC-DC 
converter converting DC voltage from available sources 
constantly to get the output to DC voltage. Nevertheless, 
when the load changes, the output power of the three-level dc-
dc converter circuit will change accordingly. This research is 
to reverse control to control the output power to be stable. the 

power component of the three-level DC-DC converter 
consists of a three-level full bridge circuit, blocking 
capacitors, high-frequency transformers, rectifiers, filter 
capacitors (Fig.1a.) and control of the DC-DC converter with 
three levels (Fig. 1b.). 
 
2.1. The Three Level Full Bridge Principles 
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Considering Fig 2a. is a three-level full-bridge circuit 
diagram, typical three-level full bridge circuits consisting of 
two branches of three-level full bridge circuits: branches of 
phase A accordingly branches of phase B, each the branches 
consist of four switches, with external switches namely S1, S4, 
S5 and S8. Nevertheless, this research, the prototype 
mechanism will use IGBT as a switching device, considering 

the operation of the diode and the hidden capacitor inside the 
IGBT. The inner switches, S2, S3, S6 and S7, will also use 
IGBT as a switch device, using a series diode with IGBT to 
enable IGBT to withstand back flow. Fig. 2b. is the 
mechanism of the prototype that was created to test the 
operation according to the specified objectives. 
 

   
                                 a.                                                                                      b. 
Fig. 2. Three-level full-bridge circuit diagram and prototype 
 
2.2. The principle of the blocking capacitor 
The capacitors for the blocking are provided for the inner loop 
switch to stop the current in the zero current state. This reset 
period (Treset) must be less than the phase shift (TShift), because 
the current must be reduced to zero before the voltage occurs. 
 

 
Fig. 3. The waveform characteristics of zvs 
 
 Consider Fig 3. If the current is reduced to zero, then it is 
possible to use a voltage across the capacitor to block. 
Nevertheless, if the voltage across the capacitor for the 
blocking is high, the current will drop quickly, in which the 
voltage drop across the capacitor blocks is 
 

                                             (1) 

 
From the equation (2) 
 

       (2) 

 
 When equating equation (1) instead into the equation (2), 
will get 
 

    (3) 

 
 Consequently, the capacitance of the blocking can be 
found from equation (4) 
 

    (4) 

 
 The advantage of using a blocking capacitor to reduce the 
current to zero is that it is convenient to find a capacitor. 
Moreover, there is a disadvantage that causes the voltage 
across it, causing loss of power before distribution to the 
transformer. Consequently, reducing the input power of the 
transformer. 
 
2.3. Switch Control of ZVZCS 
The ZVZCS switching control uses phase-shift PWM signals 
to control the conductivity and stop the IGBT current. This 
principle is used for driving the inner switch device of the DC-
DC converter as shown in Fig 4. Nevertheless, considering 
from Fig. 4, it was found that programming for controlling the 
microcontroller DSPTMS320F28377S, the researchers used 
MATLAB/Simulink program for writing the algorithm for 
computer processing. 

 

 
Fig. 4. Microcontroller DSPTMS320F28377S phase-shift control 
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3. Results and Analysis 
 
This topic is the result of a three-level DC-DC converter test 
using zero-current and zero-current switching techniques for 
linear and non-linear loads. This research will simulates 
theoretical features with the MATLAB/Simulink program 
compared to the prototype device created. The test will 
consist of phase shift PWM signal control with 
microcontroller DSPTMS320F28377S, zero-voltage and 
zero-current switching devices, the study of the behavior of 
the blocking capacitors and comparison of zero-voltage and 
zero-current switching and no-zero-voltage and zero-current 
switching. Fig. 5, shows the prototype used to test the 
operation of the three-level DC-DC converter using the zero-
voltage and zero-current switching techniques. 

 

 
Fig. 5. Prototype of the test 
 
3.1. The Phase Shift PWM Signal Control 
Phase shifted PWM signal control can be performed using the 
ePWM block on the program MATLAB/Simulink. The 
simulation results compared with the prototype device are 
shown in figure 6. Will find that the switches S1 and S2 operate 
in the same state, so using PWM signals to drive S1 switches 
in the same way as S2 and S7, S3 and S6, S4 and S5, then use 
the PWM signal to switch S2, S3, S4 respectively. 
 
3.2. The Zero-Voltage and Zero-Current Switching 
Devices 
Testing of all switch devices at power rating, input voltage 
311V, output volts 31V, accordingly switch frequency 50 
kHz. This test is to observe the behavior of the switch device 
which the test results are shown in Fig 7. From Fig 7a., 
showing simulation using MATLAB/Simulink program and 
Fig 7b., showing the operation of the S1 and S8 switches of the 
prototype device in the current initial state and no initial state, 
it is found that in the initial state, the voltage across the switch 
decreases to zero, this state is called zero-voltage switching 
(ZVS). 
 Fig. 8a., and 8b., showing the switching status of devices 
S2 and S7 the current initial state and no initial state, will find 
that in the current initial state, the voltage drop across the 
switch device will decrease to zero, so the switch device will 
stay in the current initial state, this state is called zero-voltage 
switching (ZVS).  Moreover, when the current is reduced to 
zero so there is a voltage across the switch device, this state 
is called ZCS. Consequently, from Fig. 9a., and 9b., the 
switching status of devices S3 and S6 will work in accordance 
with the above. Fig 10a., and 10b., the operating status of 
device switches S4 and S5 will correspond to device switches 
S1 and S8. 

 

 
(a) 

 
(b) 

Fig. 6. Phase Shift PWM Signal Control using the ePWM block, a. 
simulation result of MATLAB/Simulink and b. The result prototype 
device 
 

 
a) 

 
b) 

Fig. 7. The operation of the S1 and S8 switches a)MATLAB/Simulink 
and b) prototype device 
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a) 

 
b) 

Fig. 8. The operation of the S2 and S7 switches a)MATLAB/Simulink 
and b) prototype device 

 

 
a) 

 
b) 

Fig. 9. The operation of the S3 and S6 switches a)MATLAB/Simulink 
and b) prototype device 

 

 
a) 

 
b) 

Fig 10. The operation of the S4 and S5 switches a)MATLAB/Simulink 
and b) prototype device 
 
3.3. The Blocking Capacitors 
A study of behavior of blocking capacitors affecting the reset 
time. Will measure the reset time of the primary current 
compared with the voltage (VAB), when the change of the 
capacitor blocks from 20µF to 50µF.  This behavioral study 
will be simulated using MATLAB/Simulink program in 
comparison with the prototype device which can be shown in 
Fig 11 and Fig 12. 
 

 
a) 
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b) 

Fig. 11. Signal capacitor blocks from 20µF a)MATLAB/Simulink and 
b) prototype device 
 

 
a) 

 
b) 

Fig. 12. Signal capacitor blocks from 50µF a)MATLAB/Simulink and 
b) prototype device 
 

 
 Fig. 11a. and 11b. It is found that the primary current 
decreases to zero in the phase shift of PWM signal, this state 
is called Tshift. Moreover, this state of primary current 
decreasing to zero is called Treset. Nevertheless, it is also found 
that the Treset has a time comparable to the Tshift, as a result the 
period of primary current is relatively low, around 0.2µs. Fig. 
12a. and 12b., when the capacitor values are changed from 
20µF to 50µF the primary current is zero at approximately 
2.8μs. 
 
3.4. Comparison of ZVZCS and No- ZVZCS  
Comparison of switching at zero voltage and zero current with 
no switching zeroes voltage and zero current, will consider 
both states while connecting non-linear loads at the rating. 
The test results will be given in table 1. 

 
Table 1. Comparison of ZVZCS and non ZVZCS 

Switching state        

 311.50 1.70 529.55 27.92 16.28 470.77 89.90 
 315.10 1.82 573.50 26.40 17.63 465.67 81.20 

 
 Considering the turn-on and turn-off in the switch state 
when the zero voltage and zero current with the condition of 
no switch, while the zero voltage and zero current, the 
behavior will be different as shown in the Fig. 13 to Fig 16. 
 Fig 13a. and 13b., when testing the switch on S1 and S8 
switches with No-ZVZCS, the turn-on range does not turn-on 
when the device is at zero voltage and the ZVZCS switch test 
occurs switch while the zero voltage during the turn - on 
period. 

 
a) 

 
b) 

Fig. 13. The operation of the S1 and S8 switches a) ZVZCS and b) No 
ZVZCS 
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a) 

 
b) 

Fig.14. The operation of the S2 and S7 switches a) ZVZCS and b) No 
ZVZCS 
 

 
a) 

 
b) 

Fig. 15. The operation of the S3 and S6 switches a) ZVZCS and b) no 
ZVZCS 

 
a) 

 
b) 

Fig. 16. The operation of the S4 and S5 switches a) ZVZCS and b) no 
ZVZCS 

 
 Fig. 14a., 14b. And Fig. 15a., 15b., when testing the 
switching of S3 and S6 No-ZVZCS and ZVZCS. The behavior 
is in the opposite state to S2 and S7 because the PWM signal 
that causes the switch devices of S3 and S6 to operate, is the 
correct signal with phase from the signal that causes the S2 
and S7 switches to operate. Conversely, Fig. 16a. and 16b., the 
operation of the switches S4 and S5 will operate with the phase 
signal that is correct from the signal that causes the switch S1 
and S8. 
 
 
4. Conclusion 
 
The results of the research on the topic of zero-voltage 
switching and zero-current for full-wave three-level DC-DC 
converters to reduce power loss due to device switching. 
Nevertheless, using the device switch when turn-on and turn-
off by controlling the PWM signal that moves through the 
phase microcontroller DSPTMS320F28377S. The prototype 
test results compared with the simulation by 
MATLAB/Simulink program confirm the accuracy as 
specified. Moreover, can increase the electric power and 
reduce the loss in the switch equipment, resulting in 
satisfactory performance. 
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