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Abstract: This study is recommended to develop a soft-switching control software infrastructure that enables more efficient and effective use of parallel resonant DC link 
circuits. The fact that the control technique can be easily applied to the soft switching circuit makes it important in this field. With this proposed study, lower voltage ripple 
and higher efficiency are obtained. To see the results of the technique and to study its effect, a study was carried out on a grid connected inverter. When the frequency 
changes between 5-15 kHz and 5-10 kW power is transmitted to the grid, the soft switching effect is studied and the efficiency is increased. A software model for calculating 
the power losses of semiconductor switches has also been established. Using this modeling approach, the power consumption is calculated in detail and the loss analysis 
is performed using catalog data of semiconductor switches. The accuracy of the obtained results was compared with another simulator. While the PRDCL inverter using the 
new proposed switching technique transmits 10 kW of power to the grid, the efficiency increased from 97.67% to 98.61% at a switching frequency of 5 kHz, from 96.82% to 
98.58% at a switching frequency of 10 kHz, and from 95.61% to 98.55% at a switching frequency of 15 kHz. 
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1 INTRODUCTION 
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Today, many areas of the power electronics industry 
benefit from inverters. In addition to motor drivers, APFs, 
grid-connected synchronous power systems, and 
renewable energy applications, these are areas where 
inverters are actively used. The importance of inverters 
working in shunt with the grid, which plays a major role in 
power transmission, is increasing day by day. With the 
widespread use of alternative energy sources, transmission 
of the generated energy obtained to the grid is preferred 
over storage as it is a more economical solution. Inverters 
are also required to use the energy stored in energy storage 
devices in AC systems. In the development of microgrid 
architectures and smart grid structures, inverters have a 
greater responsibility in ensuring energy continuity. The 
maximum degree of energy transfer to the grid is related to 
the high efficiency of the inverters used. Parameters such 
as total current harmonic distortion of current (THDi), PF 
of generated power, modulation technique of inverter, grid 
synchronization and low switching losses are important 
factors that determine the quality of inverter systems 
operating in synchronization with the grid [1-3]. Grid 
synchronization is a very important problem in distributed 
power generation systems. Synchronization with the grid 
and power control are done by determining the angle of the 
grid voltage vector using algorithms and switching the 
inverter according to this angle value. Grid 
synchronization is achieved using certain methods such as 
zero crossing method, α-β filter method, d-q filter method, 
d-q PLL method and adaptive PLL method [4-8]. 

In converters, efficiency is increased by reducing 
switching losses of semiconductor elements. Many 
methods have been developed to eliminate or reduce 
switching losses. Basic soft switching methods used to 
improve converter quality: ZCS, ZVS, ZCT, and ZVT. Soft 
switching control in DC-DC converters is simple and easy 
due to the characteristics such as unidirectional power flow 
and constant switching frequency. In DC-AC systems with 
bidirectional power flow and two frequencies, one of 
which is fundamental and the other variable, soft switching 
is relatively more difficult and complex than in DC-DC 
converters. There are many structures in the literature to 
increase the efficiency of inverters [9]. Among them, the 

RPI is known for its easy-to-understand control structure, 
low voltage ripple, and no need for an additional switch, 
and is designed for high and medium power. The negative 
aspects of this structure are that the resonant pole inverter 
requires a separate resonant circuit structure for all of its 
legs and incurs relatively more energy losses compared to 
other topologies [10]. The zero- voltage transition PWM 
inverter ZVTI, which operates in discontinuous 
transmission with diode and realizes the soft switching 
function with the help of an additional switch, reduces the 
switching losses, but it cannot show the same effect at low 
loads [11]. In the basic RDCLI structure where DPM is 
used, no active switches are used. Voltage free transitions 
are achieved by ensuring continuity at resonance with 
proper control of power elements. The fact that PWM 
technique cannot be used in this structure, voltage 
fluctuations in DC part of the inverter and current 
fluctuations on the inductor are presented as disadvantages 
[12]. 

In the passive suppressed resonance transition 
structure DC, where the transformer is actively involved in 
the resonance event, the switches are under ZVS, while 
their turn off occurs under ZCS. The long duration of the 
zero-voltage process causes very high currents to flow 
through the inductor. Undesirably high currents cause both 
high losses and high voltage fluctuations on the capacitor 
side. In the DC link inverter structure, two active switches 
with parallel resonance transition are used to provide 
smooth switching only when the inverter switches turn on. 
According to the PWM control algorithm, the inverter 
switches that need to be transmitted are turned on 
simultaneously, but each switch is smoothly removed from 
the transmission thanks to separate suppression capacitors 
[13]. 

Two auxiliary active switches and a transformer are 
used in the QRDCL structure to enhance the performance 
of active power filters designed to eliminate harmonics 
[14]. In the active power filter, hard switched inverter 
switches can be soft switched by using a suitable switching 
technique with PWM control. The general problem of soft 
switched resonant converters using pulse width modulation 
is that they are subjected to high inductor currents and can 
provide smooth switching conditions only in limited power 
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ranges. To overcome these problems, a new hybrid 
modulation technique for series resonant inverters has been 
proposed. Apart from the complexity of the control 
structure, experimental studies confirmed that the general 
problems were overcome [15]. In reference [16], where a 
soft-switching structure is provided by using fewer 
elements for the three-phase inverter, the auxiliary circuit 
is controlled using the soft-switching technique similar to 
the traditional PWM method, and in this topology where a 
single active auxiliary switch is used, the control of the 
switch is operated according to a certain algorithm. 

In soft switching topologies proposed for inverter 
structures, there are problems such as high voltage or 
current fluctuations, high currents in inductor leading to 
large load on capacitor, power range is limited and soft 
switching control technique is complex. PRDCL topology 
has been proposed for inverters where these problems are 
minimized. However, in these inverters, the most suitable 
soft switching technique should be selected to perform the 
soft switching operation in a healthy and safe manner [17]. 
For PRDCL inverters, the thresholds of resonant 
inductance or capacitance should be adjusted to apply the 
switching technique properly. This necessity brings the 
need for a complex control structure [18-20]. For this 
reason, the control of inverters in auxiliary circuits created 
with fewer elements is simpler and less complicated [21]. 

To calculate the efficiency of switching power 
supplies with high accuracy, the energy consumed by solid 
state power switches should be calculated in detail. Some 
analytical methods have been developed in the literature to 
measure the power dissipation of semiconductor switches. 
Some efficiency calculations can be performed using the 
data sheets of semiconductor power devices provided by 
the manufacturers. With the current-voltage loss curves 
given in the data sheet, the switching and conduction losses 
consumed in the internal structure of a semiconductor 
switch can be calculated in detail for any frequency and 
loss analysis can be performed [22-24]. In this paper, the 
physical model of the PRDCL structure with a grid-
connected inverter was created using Simscape real 
element models in Matlab/Simulink and the proposed 
switching technique was applied to the PRDCL structure. 
Detailed calculations of power losses and efficiency of 
inverter switches were performed using an algorithm 
prepared in Matlab/Simulink and the accuracy of the 
calculation was compared with the simulator developed by 
the manufacturers for their products. 

The focus of this study is to propose the developed 
PRDCL structure for inverters to the grids and reduce the 
switching losses in the inverter by developing a new 
switching control technique for PRDCL. The purpose of 
the switching control technique is to match the on and off 
timing of the inverter switches during grid application 
when the dc bus is at zero voltage level. In this way, 
efficiency is increased by reducing the losses of the 
switches that are turned on at zero voltage. In the switching 
control proposed for PRDCL circuit, no additional circuit 
is required but it is implemented using digital logic gates. 
Since the control technique is activated after PWM pulses 
are generated, it also works in accordance with other types 
of modulation and can be used in microgrids, active power 
filters, switching power supplies and distributed static 
compensators. 

2 DESCRIPTION AND DESIGN OF PARALLEL 
RESONANT DC LINK INVERTER0pt 
 
The parallel resonant DC link structure consists of 

three semiconductor switches and a parallel resonant 
circuit, as shown in Fig. 1. The expected resonance event 
between inductor and capacitor is achieved by the SY1 and 
SY2 switches. The Ss switch plays an active role in lowering 
the DC bus to zero voltage level. By selecting and applying 
the proper soft switching technique in the PRDCL 
structure, zero voltage switching can be achieved by 
lowering the bus voltage to zero without causing voltage or 
current stresses in the inverter switches. The smooth 
switching affects both the inverter switches and the 
auxiliary switches. Since the zero voltage transition in the 
circuit can be controlled by switching techniques, this can 
also increase the PWM capability [17]. 

 

 
Figure 1 Circuit diagram of the PRDCL structure [17] 

 

 
Figure 2 Operating ranges and fundamental wave curves of the PRDCL 

 
PWM pulses are obtained by comparing a saw wave to 

a sine wave with a phase angle of 120°. Before the resulting 
inverter gate pulses are applied to the switches, the soft 
switching process for the main switches must be prepared in 
a safe and sound manner. As shown in Fig. 1, two of the 
three active switches (SY1 and SY2) belonging to the auxiliary 
circuit receive the same gate signal, while the gate signal of 
the other (SS) is generated separately. In order to 
theoretically explain and simplify the operation of the 
circuit, several assumptions have been made. It is assumed 
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that all elements are considered ideal, the resonant 
inductance is chosen sufficiently larger than the load 
inductance, the output load is represented by a simple 
resistor R, and there is no DC bus voltage ripple. There are 
six different ranges in the operation of the auxiliary circuit. 
Resonance current voltage graphs regarding this range and 
the operation of the circuit are shown in Fig. 2 and detailed 
in reference [17]. 

Resonant frequency/characteristic impedance and 
circuit equations: 

 

1/r r rL C                                          (1) 

 

/r r rZ L C                                           (2) 

 
In steady state mode (SS: on, SY1-SY2: off): 
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In the T2 interval (SS: off, SY1 - SY2: on); this operating 

range is the first resonance region. The switch SS is 
deactivated at zero voltage and the resonance process starts 
with the offset current Io. In this case, the resonance current 
and voltage of the resonance capacitor can be written as 
follows: 
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Maximum resonant current (Ip): 
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In the T3 interval (SS: off, SY1 - SY2: on); this operating 

region is the free-circulation range, and the inductor 
current circulates freely through ILr, SY1 - D1, and SY2 - D2. 
During this time, the voltage of the resonant capacitor VCr 
is kept at zero. This zero voltage range forms the ZVT 
environment for the switching elements in the inverter. The 

duration of this zero voltage interval (T3) can be controlled 
by the PWM signal applied to switches SY1 and SY2. In this 
case, the resonance current and the capacitor voltage: 
 

( )Lr pi t I                                                    (12)  

                       
( ) 0Crv t                                                     (13) 

 
In the T4 interval (SS: off, SY1 - SY2: off); this operating 

range is the second resonance range. After changing the 
switch settings in the inverter, switches SY1 and SY2 are 
deactivated under zero voltage conditions and the capacitor 
voltage is recharged to VDC voltage. The new path of the 
inductor current is D1, D2 and Cr. The capacitance voltage 
vCr reaches VDC voltage by resonance. In this case: 
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In the T5 interval (SS: on, SY1 - SY2: off ): 
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It is given with equations. With the resonant 

inductance (Lr) connected in the middle of the circuit, the 
resonant capacitor (Cr) composes the parallel resonant 
circuit. The soft transition of the switches depends on the 
healthy and safe occurrence of the resonance event. 
10pt 
3 MODELING AND LOSS ANALYSIS OF A GRID-

CONNECTED PRDCL INVERTER IN MATLAB/SIMULINK 
3.1 Inverter Current Control and Grid Synchronization  
 

In order to transfer the energy generated from 
alternative energy sources to the power grid, it must be 
converted from DC to AC. This conversion process is done 
with devices called inverters, with three-phase inverters 
being used for high-power applications. Since inverters are 
expected to produce high quality power since they transmit 
power to the grid, grid currents should not exceed the limit 
values according to IEEE 519-1992 standards [25]. The 
important parameters that determine the quality of the grid 
are the purity of the grid from disturbances, the currents 
generated at the inverter output that are close to sinusoidal 
and have the same phase angle with the corresponding 
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phase voltages. With proper control of the inverter current 
and grid synchronization, high quality power transmission 
to the grid is ensured. In grid-connected inverters, there are 
generally two control loops. Due to the simplicity of 
controlling the d-q components, the algorithm of this 
control system was created in Matlab/Simulink and its 
hardware-supported implementation was also done in the 
loop [26]. These are the internal current control loop, 
which controls the grid current, and the external voltage 
control loop, which controls the DC bus voltage and 
reactive power. The harmonic elimination and dynamic 
response of the system are controlled by the current control 
loop and the power flow balance is controlled by the 
voltage control loop [27, 28]. 

 
3.2 Proposed Soft Switching Control Technique and 

Design Consideration 
 
In this section, a new switching technique is described 

to smoothly switch the switches of a parallel resonant DC-
link. The proposed switching technique is based on the idea 
that the switches operate under zero voltage by delaying 
the main PWM pulses and detecting the turn-on and turn-
off points of the main inverter switches in advance, and 
reducing the DC bus voltage to zero at these times. As 
shown in Figs. 3 and 4, the inverter gate pulses obtained by 
any modulation method must be delayed by a certain time 
(Tdelay) before being applied to the switches to prepare the 
soft switching environment in a safe and healthy manner. 
The delay time can be varied to control switching on or off. 
Delay blocks are used for both PWM main pulses and 
auxiliary switch delay SS. 

 

 
Figure 3 Digital block diagram of the proposed switching control technique 

 
The main switches of the inverter are shifted by a 

certain time with delay blocks to gain time for the zero-
voltage environment. The signals from the main switches 
are acquired with monostable blocks and all the signals are 
collected in logic gates. Since the monostable block can 
control the rising or falling edge conditions of the main 
signals, the moments when the switch enters the on or off 
state can be detected. When the pulses of the main switch 
gates change, this situation is detected in the logic circuit 
and the auxiliary switches are controlled by logic gates and 
the DC link voltage is reduced to zero by resonance. When 
the switching technique is applied to the auxiliary circuit, 
while the SS breaker maintains its state in the on state, the 
SY1-SY2 breakers are switched to the on state in the off state 

and thus the first resonance process starts. Depending on 
the value of the resonance process, a delay block is placed 
between SS and the SY1 - SY2 gate pulses. During the 
resonance process, when the Lr element reaches a certain 
value during the charging process, the series switch SS is 
switched to the off state with a certain delay and the 
connection between the DC link and the inverter is 
disconnected. 
 

 
Figure 4 Graphs of application of dead and delay times to control technique 

 
Therefore, in order for the soft switching PRDCL 

process to be operated in a controlled act, some design 
criteria must be calculated beforehand. The first criterion 
is that the resonant inductance current (Ip) must be large 
enough to drive the capacitor voltage VCr back to VDC. 
 

DC
p ox

r

V
I I

Z
                         (21) 

 
where, next load current Iox can be predict from the next 
switching patterns [29] as 
 

1 2 3ox a b cI S I S I S I                  (22) 

 
As in other resonant structures, the pulse width is 

restricted in the PRDCL structure. Assuming the current I 
is properly controlled, then the minimum pulse width Twmin 
under the worst conditions can be obtained from the 
equation below. 
 

DC
min max max

DC

2
( )r

w o o
r

VL
T I I

V Z
              (23) 

 
The second important criterion is that the voltage drops 

to zero from the start time of the first resonance is the 
minimum value of the duration T2. The VDC voltage drops 
to zero with resonance, the switches must be completed 
before repositioning. That is, the resonance operation of 
key transitions should already start with the T2min time. This 
means the synchronization of the resonance operation with 
the PWM makes it possible to achieve ZVT safely. As the 
capacitor Cr, which is at the voltage level DC, decreases 
toward zero level, the inductor Lr is charged and reaches 
its maximum value. The zero level of the capacitor voltage 
provides a soft switching environment for the main 
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switches. Thus, when the voltage is zero, the switch is 
provided softly for the transition. After the main switch 
transitions to the on state, the auxiliary switches SY1 - SY2, 
which are still in the on position, transition to the off state 
as their conduction time expires. The energy in the Lr 
inductor decreases and starts charging the Cr capacitor 
with resonance. When the resonant capacitor reaches the 
DC voltage level, the SS series switch goes back to the on 
state and returns to its original position. This process is 
repeated when all the switches of the inverter are turned on. 
The switching technique provides smooth switching for all 
semiconductor elements. No additional active or passive 
elements are required in the PRDCL structure to apply this 
technique. By applying the technique, no unexpected 
voltage fluctuations occur at the switches. With this 
technique, the duration of the zero voltage generated to turn 
the switches on or off can be controlled by the user. The 
structure of digital circuit is simple and easy to control, and 
due to its programmable feature, DSP, FPGA, etc., it can 
be used in processors. It can be easily used in processors. 
 
3.3 Switching Loss Calculation 

 
The extent to which the new switching technology 

applied to the PRDCL inverter operating on the grid will 
result in energy savings for the switches can only be 
determined by loss analysis. In order to obtain and analyse 
loss energy data in detail, the switching losses (switching 
losses on and off) of each IGBT switch must be 
decomposed. In this section, in addition to the studies on 
analytical calculation of switching losses in the literature, 
a model prepared in Matlab /Simulink is presented. In the 
prepared model, the equations of current-voltage curves 
and loss curves contained in the datasheet of the selected 
semiconductor elements were linearized and redrawn in 
Matlab. The equations resulting from the new curves can 
be used to determine the instantaneous losses in the desired 
frequency and power range. A detailed Simulink block 
representation of the switching loss calculation model can 
be found in Fig. 5. The loss calculation block consists of 
units for the decomposition, equation, and switching time 
acquisition. First, the current composition of the IGBT and 
the diode connected in parallel is decomposed as a function 
of the current direction. The power consumption is 
determined by classifying the current data and fitting it into 
curve equations created for each semiconductor element. 

 

 
Figure 5 Block representation of the model that calculates switching losses 

The instantaneous turn on and turn of times of the 
switches and diodes of the inverter operating at a given 
frequency are determined, and the energy losses are 
obtained by multiplying them by the predetermined power 
consumption. Thus, the individual switching losses for 
both the IGBT switch and the diode can be determined. As 
shown in Eq. (24), conduction and switching energy losses 
occur in semiconductor elements such as IGBT and diode. 
 

tot cond swE E E                                         (24) 

 
When operating below a certain frequency, the IGBT 

elements in the inverter turn on in the positive intervals of 
the fundamental period, connected to a three-phase system. 
In the negative region, while the reverse diode connected 
in parallel turns on, the IGBT goes into turn off. When 
calculating the conduction loss of a switch, Eq. (24) must 
be considered only during the positive period, while the 
conduction loss of the diode must be considered only 
during the negative period. As can be seen in Eq. (25), the 
conduction loss is calculated by taking the integral of the 
energy consumed during the transmission period in a 
switching period. 
 

   
 

cond CE C
Ton

d
k

E V t i t t              (25) 

 
In this equation, VCE and iC respectively represent the 

saturation voltage and collector current of the IGBT 
switch, while the parameter k represents the switching 
number. The switching losses of the semiconductor 
element are also classified within itself. The energy losses 
occurring during the turn on and turn off moments are 
given in Eqs. (26), (27) and (28) [30]. 
 

sw sw_on sw_off( ) ( ) ( )E k E k E k            (26) 

 

sw_on sw_on c( ) ( ( ))E k f i k             (27) 

 

sw_off sw_off c( ) ( ( ))E k f i k                  (28) 

 
With this model designed to calculate the energy losses 

of semiconductor switches, the accuracy of the PS12038 
IPM manufactured by Mitsubishi was calculated by 
calculating the energy consumption for a certain frequency 
and power range. For this, the current-voltage loss curves 
in the datasheet of semiconductor materials to be used in 
simulation were analyzed and the linearized curves were 
redrawn in Matlab software. Equations of the obtained 
functions are obtained by curve fitting methods and the 
conduction losses of the switches are calculated by 
obtaining the current-dependent voltage drop values from 
the equations instantly. The 125 ºC curves in the datasheet 
were used to obtain the conduction, turn on, turn off and 
reverse recovery loss equations. Five different equations 
obtained with Matlab "polyfit" tool are given in Eq. (29) as 
a single equation by decomposing the coefficients. 

 
5 4 3 2 1

LossType 1 2 3 4 5 6E P x P x P x P x P x P            (29) 
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In the given Eq. (26), x is the instantaneous current 
value of the semiconductor element that will have energy 
loss. The high degree coefficients obtained for the 
decoupled energy losses of diode and IGBT of 
semiconductor materials to be used in simulation are given 
in Tab. 1. The table shows EQsw_on for the IGBT switch; turn 

on, EQsw_off; turn off, EQcon; conduction energy losses and 
for diode EDcon; conduction, EDrr; reverse recovery 
represents energy losses. RMSE results of the energy loss 
equations obtained according to the datasheet of 
semiconductor components are shared in Tab. 1. 

 
Table 1 High degree coefficients obtained from semiconductor materials with "polyfit" tool in Matlab 

 
 

Energy losses were obtained by processing the 
datasheet of Mitsubishi company's PS12038 IPM power 
module into the simulation model prepared to calculate the 
energy losses of semiconductor elements in detail. To 
measure the accuracy of the results, the results obtained 
with the Melcosim simulator produced by the same 
company were compared and presented in Tab. 2. While 
obtaining the accuracy table, sinusoidal PWM was 
preferred for the inverter and the power factor was chosen 
0.8. Energy loss values of PS12038 semiconductor power 
module under different loads and frequencies were 
obtained with the model prepared in Matlab/Simulink. 
These values are like the Melcosim simulator with a 
difference of 7.13%. Thus, it is seen that the developed loss 
calculation method can calculate the switching losses with 
an acceptable error. With the developed switching loss 
calculation method, it is possible to compare the switching 
method developed for the PRDCL inverter with the losses 
in the calculation of switching losses and other switching 
methods. The Melcosim software produced by Mitsubishi 
has been tested and approved in simulator studies on many 
samples. Therefore, simulator can be considered as a 
reference. In addition, there are other studies in the 
calculation of switch energy losses in the literature [32-34]. 
 

Table 2 Comparison of energy loss calculation of PS12038 IPM module with 
melcosim 

fsw  
/ W 

VDC  
/ V 

IL,max  
/A 

Ptot. Melcosim 
/ W 

Ptop. Cal. 
/ W 

Difference 
/ % 

5 

600 

12.5 96.6 101.65 5.23 
25 217.38 232.88 7.13 

10 
12.5 152.52 160.3 5.1 
25 318.3 317.62 −2.14 

15 
12.5 208.2 220.41 5.86 
25 419.16 438.06 4.5 

 
4 SIMULATION RESULTS OF THE SYSTEM WITH 

SIMULINK 
 
The theoretical analyzed simulation studies of the 

PRDCL inverter system connected to the grid were 

performed in Matlab/Simulink. The current at the output of 
the inverter was filtered with an L-filter, and the grid was 
represented by three voltage sources with a phase 
difference of 120° between them. The voltage source DC 
is obtained by passing the three-phase grid through a high 
value capacitor after rectification. In the simulations, the 
power module PS12038 IPM was used for the inverter, for 
the PRDCL auxiliary circuit (SY1 and SY2), the serial 
number SK75GARL065E from Semikron and the serial 
number IXSN 80N60AU1 for the IGBT switch (SS) 
connected in series with the DC bus. In the prepared model, 
the dq-PLL method for grid synchronization and the 
switching control of the inverter are performed using the 
sinusoidal PWM (SPWM) technique. The control of the 
PRDCL structure is provided by using the proposed 
switching technique. The circuit element values and 
nominal operating conditions used for the simulation study 
are listed in Tab. 3. 
 

Table 3 Simulation parameters of model 

Grid Connected 
Inverter 

Parameters 

Circuit Element Value Unit 
Grid Voltage 
(phase-phase) 

380 Vrms 

DC-Link 
Voltage 

600 V 

Rectifier 
Capacitor 

1500 µF 

Fundamental 
Frequency (f) 

50 Hz 

Phase Reactor 3 mH 
Phase 

Resistance 
0.12 Ω 

Auxiliary 
Circuit 
PRDCL 

Parameters 

Resonant 
Inductance 

80 µH 

Resonant 
Capacitor 

40 nF 

Switching 
Frequency (fs) 

5-10-15 kHz 

 
Figs. 6 and 7 show the waveform for fsw = 15 kHz of 

the three-phase current delivered to the grid during hard 
and soft switching, respectively. 
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Figure 6 Three-phase grid currents at fsw = 15 kHz of the inverter before the 

proposed technique 
 

FFT analysis of the current waveform is required to 
detect the degree of distortion of the current transmitted to 
the grid. According to the simulink FFT analysis, the THDi 
value of the current was 1.83% before the application, 
while it increased to 4.12% after the application. The 
results obtained show that the current distortion level is less 
than the limit specified in the standards IEEE -519. 
 

 
Figure 7 Three-phase grid currents at fsw = 15 kHz of the inverter after the 

proposed technique 
 

There are two main parameters that cause distortion of 
the current waveform. First, the proposed technique was 
developed as a digital control method. In this control 
technique, the pulse signals sent to the inverter switches are 
delayed. The delayed switching signals have a negative 
effect on the formation of reference currents because they 
partially delay the current to be generated for the grid. The 
second reason lies in the analog part of the proposed control 
technique. In order to generate the zero voltage required for 
soft switching, the capacitor voltage is reduced to zero at 
each switching. Although very small time frames (µsn) are 
involved, this can still have a negative effect on the THDi 
value. 

Before applying the technique, the graphs of the current 
and voltage fluctuations of the inverter switch of the hard 
circuit are shown in Fig. 8. In order for the switching 
technique to hardly switch the inverter switches in a safe and 
healthy manner, the gate pulses applied to the auxiliary 
switches must be given at appropriate times according to the 
design criteria. Improper or uncontrolled application of 
pulses to the gates may result in excessive current in the 
resonant inductance and subsequently damage the elements. 

The current-voltage diagrams of the inverter's main 
switch S1 and auxiliary switches SY1 and D1 when using the 

soft-switching technique are shown in Figs. 9, 10 and 11. 
Fig. 8 shows that the current-voltage overlaps are higher 
with hard-switching of inverter switches. In high frequency 
regions, these overlaps cause higher energy losses. Applying 
the proposed technique to the inverter, it can be seen in Figs. 
9, 10 and 11 that all switches are soft switched. 
 

 
Figure 8 Turn on and turn off current-voltage diagrams of the hard switching of 

inverter switch S1 

 

 
Figure 9 Turn on and turn off current-voltage diagrams of the soft switching of 

auxiliary switch S1 
 

 
Figure 10 Turn on and turn off current-voltage diagrams of the soft switching of 

auxiliary switch SY1 
 

 
Figure 11 Turn on and turn off current-voltage diagrams of the soft switching of 

auxiliary diode D1 
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In the simulation results: When 5 kW of power is 
transferred to the grid at a switching frequency of 5 kHz, the 
total power dissipation of the inverter is 101.65 W for hard 
switching, while this value decreases to 56.7 W for soft 
switching. When 10 kW power is transmitted to the grid, the 
power dissipation is 232.88 W for hard switching, while this 
value decreases to 138.4 W for soft switching. Moreover, 
when 5 kW power is transferred to the grid at a switching 
frequency of 10 kHz, the inverter power dissipation is 160.3 
W for the hard switching and 59 W for the soft switching, 
while these values are 317.62 W and 141.05 W, respectively, 
for 10 kW power transfer. According to the efficiency curves 
obtained, an increase in efficiency was achieved at both half 
and full load. 

 

 
Figure 12 Efficiency curves of proposed system under half load and for fsw = 5-15 

kHz range 
 

From the results at half load shown in Fig. 12, it can be 
seen that the efficiency increases with increasing frequency. 
This increase is 0.9% for 5 kHz, 2.03% for 10 kHz and 
3.15% for 15 kHz. Unlike the half load, it caused a lower 
efficiency increase in the high frequency regions at full load. 
As follows; 0.94% for 5 kHz, 1.76% for 10 kHz and 2.94% 
for 15 kHz were obtained. Since the upper limit of the 
operating frequency of the selected inverter module is 15 
kHz, it could not be tested at higher frequencies. 

The comparative data of the proposed soft switching 
control techniques for different inverters and the proposed 
switching control technique in terms of cost, performance 
and control structure are given in Tab. 4. 

 
Table 4 Comparison of different soft switching control techniques 

 

Ref. 
Control  

Type 
Sensor  
Quant. 

Control 
Structure 

Cost 
MCU 
proces 
time 

Eff. 
Gain 

[16] Digital 0 
Very  

Simple 
Cheap  Short 3.0% 

[24] Digital 0 Comp. Exp. Short 3.3% 

[35] 
Analog- 
Digital 

2 Comp. Exp. Long 2.0% 

Proposed  
tech. Digital 0 

Very  
Simple 

Very  
Cheap 

Very 
Short 

3.15% 

 
5 CONCLUSIONS 
10pt 

In this study, a new switching technique is proposed for 
PRDCL inverter which belongs to soft switching topologies. 
The operation of the proposed switching technique and the 
control infrastructure are explained and simulated in a 
system connected to a three-phase grid. In the simulation 
studies, it can be observed from the obtained current-voltage 
waveforms that both the main and auxiliary switches can 
switch on and off softly. While ZVT and ZCT occur in the 
inverter switches, ZVS and ZCS are observed in the 
auxiliary switches and diodes. This helps to increase 
efficiency by reducing energy losses. According to the 

results, the proposed system efficiency and grid current 
THDi value are measured as 98.86% and 4.12%, 
respectively. The most efficient condition of the proposed 
system was measured when transmitting 5 kW at a 
frequency of 15 kHz to the grid, and the efficiency increase 
was 3.15%. Moreover, when transmitting 10 kW to the grid, 
the efficiency increase was 2.94% at the same frequency. 
 
Abbreviations 
 
APF - active power filter 
PLL - phase looked loop 
PF - power factor 
HS - hard switching 
SS - soft switching 
ZCS - zero current switching 
ZCT - zero current transition 
ZVS - zero voltage switching 
ZVT - zero voltage transition 
RPI - resonant pole inverter 
PWM - pulse with modulation 
RDCLI - resonant dc link inverter 
DPM - discrete pulse modulation 
QRDCL - quasi dc link inverter 
PRDCL - parallel resonant dc link 
IPM - intelligent power module 
RMSE - root mean square error 
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