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Abstract  

 

The present article reports an analysis and investigation of a direct AC-AC quasi-resonant converter. A bidirectional power device, 
whose switching frequency is lower than the frequency of the current passing through the load, is used for its realization. The zero 
voltage  switching mode is described when zero voltage on the power device is available by measuring it with the control system. 
The continuous current in the resonant inductance by switching the power device at zero voltage is considered, and it is 
characterized by two sub-modes. A mathematical analysis of the processes has been made and comparative results from the 
computer simulation and experimental study have been brought. The converter can be used in a wide areas of power electronics: 
induction heating, wireless power transfer, AC-DC converters, etc. 
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I. INTRODUCTION 

The standard method for converting AC into AC power is by 
using so called frequency converters. These converters consist 
of a rectifier and an inverter. The rectifier output voltage 
supplies the inverter where the output obtains alternating 
voltage for the load. This method consists of the double 
conversion of energy associated with reduced efficiency. To 
increase the energy efficiency, other types of converters exist.   
Some of them are well-known matrix converters which convert 
AC into AC power [1]-[5]. 

Depending on their power circuit, matrix converters are 
direct or indirect, with the same or different numbers of input 
and output phases. There are also resonant matrix converters 
that contain several bidirectional power devices [6], [7]. 
Cycloconverters are also known for converting AC into AC 
power, which in the standard case containing controlled 
rectifiers. The use of bidirectional power devices allows for the 
development of new schemes for high frequency 
cycloconverters [8], [9]. 

To convert AC to AC power, resonant converters based on 
the so called "Class E - inverter" are also used [10]-[12]. They 
are based on the “soft switching” technique, which makes it 

possible to reduce the losses of switching power devices and to 
increase efficiency [13]-[15]. These converters contain a 
different number of bidirectional power devices. The converter 
described in [10] contains one power device and it is designed 
for induction heating applications. An analysis was done on the 
assumption that the converter is supplied with a constant 
voltage, whose value is equal to the effective value of the input 
voltage, which does not correspond to the actual physical 
action. It uses "multicycle modulation," which allows for 
discrete power regulation at the load. However, the variable 
switching frequency deteriorates the electromagnetic 
compatibility. The authors of [16] described a direct AC-AC 
resonant converter, which uses two bidirectional power devices. 
The converter described in [17], [18] uses four power devices. 
At active intervals the serial resonant circuit is switched to the 
source of the input voltage. The bidirectional flyback converter, 
which in discrete moments injects energy into the resonant 
circuit, is described in [19]. The converter uses three power 
devices and the advantage is a reduced switching frequency. 

To reduce the switching losses in direct conversion is using 
the switching technique at zero current (ZCS), the output 
current fluctuations are described in [18]. In [20], the same 
authors described a direct converter composed of four power 
devices. Two of them are switching the series resonant circuit 
to the variable supply voltage in certain periods. During the 
rest of the periods the other two power devices connect this 
circuit in short and it results in declining fluctuations. A one- 
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Fig. 1. Block diagram of an AC-AC quasi-resonant converter. 
 

phase voltage direct three-phase converter is described in [21]. 
It also uses the ZCS technique. The three-phase to three-phase 
converter, described in [22] uses power devices without reverse 
conductivity. It is connected as a virtual converter and the 
increased efficiency is presented. A pulse density modulation 
technique to realize soft commutation is proposed in [23] for 
optimization of the power factor using a genetic algorithm. 

Switching at zero voltage (ZVS) is also well known to 
reduce the losses on resonance switches. It is worth mentioning 
that the use of such switching in direct AC converters results in 
a limited voltage, because the principle of action does not 
involve a regime of standard ZVS. The aim of the study in this 
paper is to provide the possibility to turn-on the bidirectional 
power device at zero voltage in a direct converter. This 
switching method is different from the well-known principle. It 
consists of the following: the control electrode of the power 
device has a pulse for switching. However, since the processes 
in the power circuit conducts the inverse diode of the device, 
and after the decreasing of the current through it to 0, the 
transistor starts conducting. A converter with one bidirectional 
power device in the ZVS mode, as shown in Fig. 1 [24], is the 
subject of study in this paper. 

The scheme is similar to the one described in [10]. Its main 
elements are: an AC power source (1), a bidirectional switch 
(3), a resonant circuit consisting of a capacitor (5) and an 
active-inductive load (6). The on/off switching of the device is 
done via a control system (4), which monitors the device 
voltage. The smoothing filter (2) prevents the infiltration of 
high-frequency interference to the power source.   

The converter shown in Fig. 1 can operate in two modes: 
1. “Discontinuous current mode” through the resonant 

inductance L. It acquires a large attenuation 	
.

  in the 

resonance circuit. During the switching on of the power 
device, the capacitor C is charged to the instantaneous 
value of the power supply's voltage . During the 
switching off of the power device, the resonant circuit 

develops decreased oscillations. As a result, before the next 
time, the current is dropped to 0 and the capacitor is 
discharged. It is clear that in this mode, it is impossible to 
achieve switching on the power device at zero voltage. It is 
always like that before each subsequent subinterval of 
switching on. The voltage on the capacitor C is equal to 0 
and the voltage to the left of the power switch (3) is equal 
to the instantaneous value of the voltage of the power 
source. This mode is not considered in this paper. 

2. “Continuous current mode” through the resonant 

inductance L. It is obtained on a low attenuation 	
.

  in 

the resonance circuit. The capacitor C is charged to the 
instantaneous value of the power supply's voltage  after 
switching on the power device. When switching off the 
power device, decreased oscillations are developed in the 
resonant circuit. As a result, before switching on again, the 
current is not dropped to 0, and the voltage on the capacitor 
C continues changing. In this case, it is possible to achieve 
switching on of the power device under zero voltage. This 
process differs from the standard ZVS, where the gate of 
the device has a signal for the switching on. However, its 
reverse diode conducts, and the transistor only starts 
conducting when the current in the diode goes to zero. In 
the mode described in this paper, the voltage over the 
power device is monitored via the control system. The 
algorithm is as follows. The system (4) receives the signal 

for switching on from the generator. However, the 
signal for the power device  is generated only after the 
voltage on of the device is 0V, i.e. when the voltage on the 
capacitor C and the voltage at the output of block (2) have 
equal values. 
Part II of this paper contains mathematical descriptions of 
the processes in the scheme. The following basic 
dependencies are outlined: the current through the resonant 
inductance and the power device, and the voltage over the 
resonant capacitor C. In part III a computer simulation 

sourcepowerAC1
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systemcontrol4
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study is presented. Part IV shows the results of the 
experimental research. Part V draws some conclusions, 
with attention on the main achievements and contributions 
of the paper. 

 

II. MATHEMATICAL DESCRIPTION 

The scheme with marked variables used in this mathematical 
description and experimental studies is shown in Fig. 2. As an 
anti-interference filter is shown the LC filter - , . However, 
its configuration can be different. This filter is ignored in the 
mathematical description, because the main purpose is to 
examine the ZVS mode.  

As previously mentioned, the continuous current in the 
resonant inductance by switching the power device at zero 
voltage is considered. This is characterized by two sub-modes: 
1. First sub-mode: Before every turn on of the power device, 

the voltage on the capacitor C goes through 0V from the 
positive to negative direction, while the voltage over  is 
negative. In the second case it goes from the negative to 
positive direction, while the voltage over   is positive. 
The current through the resonant inductance is positive, 
while in the second case it is negative. After the switching 
on of the power device, during the time interval  the 
current through the resonant inductance and power device 
changes its direction. The time 	 is the bidirectional 
switch turn-on time. 

2.  Second sub-mode: Before every turn on of the power device 
the voltage on the capacitor C tries to go through 0V from 
the positive to negative direction, while the voltage over  
is positive. In the second case it goes from the negative to 
positive direction, while the voltage over  is negative. 
The current through the resonant inductance is positive, 
while in the second case it is negative. After switching on 
the power device, during the time interval  the current 
through the resonant inductance and power device does not 
changes its direction. 

A. First Sub-Mode of Operation 

The work of the converter is described with the timing 
diagrams shown in Fig. 3. The time  is a switching period. 

The control signal from the generator , the control signal 
for the bidirectional power device , the resonant inductor 
current , the bidirectional power device current , the 
bidirectional power device voltage , and the resonant 
capacitor voltage  are shown. 

At the time  the control signal  reaches the level for 
switching on. The signal  for switching on the power 
device is submitted only at , when the voltage 	of the 
power device is equal to 0V. The input voltage is positive and 
after switching on the power device the voltage  on the 
resonant capacitor reaches the value . Before switching on 
the power device the current through the inductor is negative 
and during the time  it changes its direction. 

 
Fig. 2. Practical design of the converter. 
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Fig. 3. Waveforms for the first sub mode. From top to bottom: 
control signal from the generator , control signal for the 
bidirectional power device , resonant inductor current , 
bidirectional power device current , bidirectional power 
device voltage , and resonant capacitor voltage . 

 
The analysis in one switching period   is divided into two 

intervals: the first with a duration of	 , and the second is 
. The aim is to obtain expressions for the basic 

values during both intervals: the current through the inductance, 
the voltage of the capacitor and the current through the 
bidirectional switch.  

For the first interval with a duration of  the current 
through the load inductance changes from to . The value 

of the voltage of the capacitor is constant, and equal to the 
momentary value of the input voltage  (due to the high 
switching frequency of the power device):  

    											                             (1) 
The differential equation has the form of: 

   . .                               (2) 

From the initial condition: 
     0                     (3)  

it is determined that the integration time constant and this give: 

      .  ,        (4)  

where      is the time constant.  

Li

~ Su

FL

FC
SWi

Cu

BDFIO 1250
IXYS

Si



A Direct Single-phase Quasi-resonant AC-AC Converter with Zero Voltage Switching                           863                      

 

 

The current value at the end of the interval is: 

   .               (5) 

Assuming a sufficiently high frequency of the free current 
oscillations (a very small resonant period ) and a low 

attenuation 
.
	  in the resonance circuit, the currents at the 

beginning and end of the interval are approximately equal in 
absolute value but they are opposite: 

                (6) 

As noted, equation (6) is valid under the assumption that the 
maximum values of the two adjacent half-waves with the same 
polarity as the volatility of the current through the resonant 
inductance are approximately equal. 

Then from equation (5) it follows that: 

 . .                 (7) 

In this interval the current through the inductor is equal to 
the current through the bidirectional device. Therefore, 
equation (7) is valid also for the current of the device. In 
addition, using equation (7) it can determined the maximum of 
the current through the inductor and power device, considering 
the maximum voltage of the power source  and maximum 
time of switching on  : 

	 .                  (8) 

For the second interval with a duration of 		the 
current changes from  to  according to the oscillations 

rules. The last value is used as the initial value in the next 
switching period.  

In this interval, the capacitor C is assumed to be ideal, its 
series resistance (ESR) is not considered and it is presumed 
that the resonance circuit maintains the same resistance R, 
which is connected in series with the inductor L. The 
differential equation has the form: 

    . . . . 0                    (9) 

The solution is: 
. . 1. . 2. .                    

   (10),  

where         
.
;

√ .
 

Accepting that                                    (11) 
. 1. . 2. .        (12) 

The integration constants 1	 and 2 are determined by the 
following conditions: 

       0 → 1                (13) 

      0 → 2 . .            (14) 

Through integration the capacitor voltage variation is 
obtained: 

 . .                    (15)  

i.e.: 

.

.
1. 2. . . 2.

1. . .         (16) 
Its maximum value for this switching cycle is:  

→
.

. 1.

2. . . 2. 1. . .        (17) 

The maximum value of the voltage over the capacitor will 
correspond to the maximum value of the constants C1 and C2, 
and therefore to the maximum value of the currents through the 
inductance and the power device, defined by (8). Considering 
(8) (13) (14) and (17) it can be written that: 

.
. 1 . 2 . . . 2 .

1 . . .      (18) 

B. Second Sub-Mode of Operation 

The operation of the converter in this mode is explained by 
the timing diagrams in Figure 4. The control signal from the 
generator  , the control signal for the bidirectional power 
device , the resonant inductor current , the resonant 
inductor current  and the resonant capacitor voltage  are 
shown. 
At the time  the control signal  reaches the level for 
switching on. The signal for switching the power device  is 
submitted only at the moment , when the voltage on the 
power device  is equal to 0V. The input voltage is positive 
and after switching on the power device the voltage of the 
resonant capacitor  reaches the value . Before switching 
on the power device current through the inductor is positive, 
and over time  does not change its direction. 

For the first interval with a duration of  the current 
through the load inductance changes from  to  . The 

value of the capacitor voltage is constant, and equal to the 
momentary value of the input voltage  (due to the high 
switching frequency of the power device):  

    											                (19) 
The differential equation has the form of: 

   . .                            (20) 

From the initial condition: 
     0               (21)  

it is determined that the integration time constant and this 
give: 

      .  ,    (22) 

where        

The current value at the end of the interval is: 

   .           (23) 

Supposing a sufficiently high frequency of free oscillations 
of the current (a very small resonant period ) and a low 

attenuation 
.

 in the resonance circuit, it can be assumed 

that the currents at the beginning and end of the interval are  
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Fig. 4. Waveforms for the second sub mode. From top to bottom: 
control signal from the generator  , control signal for the 
bidirectional power device , resonant inductor current , 
bidirectional power device current , bidirectional power 
device voltage , and resonant capacitor voltage . 

 
approximately equal and have the same direction: 

     (24) 

As noticed equation (24) is valid under the assumption that 
the maximum values of the two adjacent half-waves with the 
same polarity as the volatility of the current through the 
resonant inductance are approximately equal. 

Then from equation (23) it follows that: 

.                     (25) 

In this interval the current through the inductor is equal to 
the current through the bidirectional device, and equation (25) 
is valid for the current of the device. Therefore, it is possible to 
determine the maximum value of the current through the 
inductance and the power device, considering the maximum 
voltage of the power source : 

                   (26) 

For the second interval with a duration of , 
equations (9) to (18) remain valid. This takes into account (25) 
in determining the constants C1 and C2 (13) and (14). In this 
interval the capacitor C is assumed to be ideal, its equivalent in 
series resistance (ESR) is not considered and it is presumed 
that the resonance circuit maintains the same resistance R, 
which is connected in series with the inductor L. 

 Comparing (8) and (26) it can be seen that in the second 
sub-mode the currents through the inductance and the power 
device are higher. The same is valid for the voltage over the 
resonance capacitor, which is described in (18).  

As a conclusion of the mathematical description, the 

conditions can be summarized. The logarithmic decrement 
	 of the current oscillations  through the resonance 

inductance is equal to the logarithm of the ratio of the two 
adjacent maximum values of the same polarities.       

. .

.
.               (27) 

In the above equation the influence of  on  is neglected. 
Therefore, the period of the oscillations in Figure 3 and Figure 
4 are marked with .  

In order to have the maximum values of two neighboring 
half-waves with the same polarity as the current through the 
resonance inductance, the logarithmic decrement has to go to 
zero: 

. → 0                               (28) 

Taking into account that    
.
;

√ .
  , it follows:  

.
.
. 2. . √ . . . → 0         (29) 

From (29) it follows that the value of the resonance 
capacitor and the equivalent resistance in the series resonance 
circuit must be as small as possible. 

Therefore, from Fig. 3 and Fig. 4 it is clear that the 

effective duty ratio of the switch is reduced to 		from the 

actual control signal duty ratio of		 . The maximum 

reduction of the duty ratio is 	 . In this are the only discrete 

values of the duty ratio. This is a drawback of the proposed 
technique. On the other hand, from Fig, 3, Figure 4 and the 
description of the switching at zero voltage, it is clear that the 

higher the ratio   becomes, the larger the number of possible 

levels of power control. Then a period   will contain more 

half periods     with more possibilities of switching on zero 

voltage. 

 

III. A STUDY BY COMPUTER SIMULATION 

The software product PSIM was used in this study. The 
simulation scheme is shown in Fig. 5. The voltage of the power 
device is monitored by isolating the amplifier and it is 
compared to 0V via the comparator. At each 0V crossing, the 
multivibrator controlled by the comparator generates short 
pulses (with a logical level 1). By connecting an RS-flip-flop 
and logic elements, the switching is guarantee despite the early 
control pulse generation from the generator. The flip-flop and 
logic elements provide the off of the power device immediately 
upon termination of the control pulse (logical level 0). 

The simulation was performed under the following 
parameters: maximum voltage of the power source 325V, 
frequency 50 Hz, value of the resonant inductance 100 μH, 
equivalent series resistance 0.1Ω, output resistance 0.6 Ω, 
value of the capacitor of the resonance circuit 10 nF, equivalent 
series resistance 0.9 Ω, value of the switching frequency 20 
kHz, value of the filter capacitor 20μF, and filter inductance  
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Fig. 5. Circuit for the computer simulation. 

 

 
(a) 

 
(b) 

Fig. 6. Results at 0.6 - positive half period of the voltage on 	(from 0.0272 s to 0.0273 s):  а) 3 - resonant capacitor voltage, 3 - 
resonant inductor current; b) control signal from the generator 4, control signal for the bidirectional power device 9, bidirectional 
power device voltage 5, bidirectional power device current 2, resonant inductor current 3, resonant capacitor voltage 3. 
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(a) 

 
(b) 

Fig. 7. Results at 0.6 - negative half period of the voltage on 	(from 0.0372 s to 0.0373 s):  а) 3 - resonant capacitor voltage, 3 
- resonant inductor current; b) control signal from the generator 4, control signal for the bidirectional power device 9, bidirectional 
power device voltage 5 , bidirectional power device current 2 , resonant inductor current 3 , resonant capacitor voltage 3 .

 
 (a) 

 
(b) 

Fig. 8. Results at 0.63 - positive half period of the voltage on  (from 0.0272 s to 0.0273 s):  а) 3 - resonant capacitor voltage, 3 
- resonant inductor current; b) control signal from the generator 4, control signal for the bidirectional power device 9, bidirectional 
power device voltage 5, bidirectional power device current 2, resonant inductor current 3, resonant capacitor voltage 3. 
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(a) 

 
(b) 

 

Fig. 9. Results at 0.63 - negative half period of the voltage on  (from 0.0372 s to 0.0373 s):  а) 3 - resonant capacitor voltage, 
3 - resonant inductor current; b) control signal from the generator 4, control signal for the bidirectional power device 9, bidirectional 

power device voltage 5, bidirectional power device current 2, resonant inductor current 3, resonant capacitor voltage 3. 

 

value 680 μH. The duty cycle of control pulses D at a constant 
frequency is modified, i.e. the time  has been changed. 

A. First Sub-Mode of Operation 

Fig. 6 and Fig. 7 show simulation results with a duty cycle 

of 0.6 in the positive and negative half period of 

the voltage over , respectively. 

B. Second Sub-Mode of Operation 

Fig. 8 and Fig. 9 show simulation results with a duty cycle 

of 0.63 in the positive and negative half period of 

the voltage over , respectively. 
Comparing the results of the two sub-modes it is clear that 

the second sub-mode has significantly greater values for the 
currents through the circuit and power device, as well as the 
voltages over the device and resonance capacitor. 

 

IV. EXPERIMENTAL STUDY 

An experimental study of the converter from Fig. 2 has been 

carried out. In the initial experiments, the components of the 
schema were chosen to be the same as those in the computer 
simulation. The value of the filter capacitor was 20μF, and the 
value of the filter inductance was 680 μH. In reality, the actual 
values differ from the design. The measurement done with an 
RLC meter shows that the used resonant inductor L has a value 
of 93μH in the range of 20 kHz to 160 kHz. The resistance 
value of its equivalent series circuit at 160 kHz is 0.6Ω. The 
measurement with an RLC meter also indicates that the value 
of the capacitor C in the resonance circuit is 11nF, and its 
equivalent resistance (ESR) is 0.89Ω. The switching frequency 
of the converter managed from the generator in the control 
system is 20 kHz. Bidirectional power devices FIO50-12BD 
from IXYS Corporation were used. The control system was 
designed with CMOS ICs following the computer simulation. 
The power supply voltage frequency was 50 Hz. The currents 
on all of the waveforms (the second oscilloscope channel CH2) 
are in scale 100mV / A. 

The first sub-mode waveform diagrams are shown in Fig. 10, 
Fig. 11, Fig. 12 and Fig. 13.  
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Fig. 10. First sub-mode by 93 : СН1 – bidirectional 
power device voltage, СН2 – resonant inductor current. 
 

 
 

 
Fig. 11. First sub-mode by 93 : СН1 – bidirectional 
power device voltage, СН2 – bidirectional power device current. 

 
 

 
Fig. 12. First sub-mode by 93 : СН1 – resonant capacitor 
voltage, СН2 – resonant inductor current. 

 

 
 

Fig. 13. First sub-mode by 93 : СН1 – AC power source 
voltage, СН2 – AC power source current. 
  

The second sub-mode waveform diagrams are shown in Fig. 
14, Fig. 15, Fig. 16, and Fig. 17.  

The increased resistance value in the resonance circuit used 
in the experiments when compared to the computer simulation 
provokes a higher attenuation in the circuit at high frequencies. 
This increased resistance value is due to the higher equivalent 
resistance of the resonant inductance and the equivalent 
resistance of the resonance capacitor. During the second 
interval with a duration of 	 both of the resistances 
appear in series and increase the damping coefficient. 
Therefore, it is difficult to distinguish the two sub-modes.   

Further experiments were carried out with a resonant  
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Fig. 14. Second sub-mode by 93 : СН1 – bidirectional 
power device voltage, СН2 – resonant inductor current. 
 

 
 

 
 

Fig. 15. Second sub-mode by 93 : СН1 – bidirectional 
power device voltage, СН2 – bidirectional power device current. 

 
 

 
 

Fig. 16. Second sub-mode by 93 : СН1 – resonant 
capacitor voltage, СН2 – resonant inductor current. 
 

 
 

Fig. 17. Second sub-mode by 93 : СН1 – AC power 
source voltage, СН2 – AC power source current. 

 
 

inductance value of 360μH and an equivalent series resistance 
of 1.5Ω. As a result, both sub-modes can be more easily 
distinguished. 

The first sub-mode waveform diagrams are shown in Fig. 18, 
Fig. 19, Fig. 20, and Fig. 21. 

A supply source current with a nearly sinusoidal shape is 
achieved in all of the experimental cases. The phase 
advancement with respect to the voltage is due to the capacitor 

. Through the optimization of the filter for a specific 
practical case, a high power factor can be achieve in both sub-
modes. 
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Fig. 18. First sub-mode by 360 : СН1 – bidirectional 
power device voltage, СН2 – resonant inductor current. 

 

 

 
 

 
 

Fig. 19. First sub-mode by 360 :  СН1 – bidirectional 
power device voltage, СН2 – bidirectional power device current. 
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Fig. 20. First sub-mode by 360 : СН1 – resonant 
capacitor voltage, СН2 – resonant inductor current. 

 

 
 

Fig. 21. First sub-mode by 360 : СН1 – AC power source 
voltage, СН2 – AC power source current. 
  

 
 

 

 
 

Fig. 22. Second sub-mode by 360 : СН1 – bidirectional 
power device voltage, СН2 – resonant inductor current. 

 

 
 

 
 

 
 

Fig. 23. Second sub-mode by 360 : СН1 – bidirectional 
power device voltage, СН2 – bidirectional power device current. 
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Fig. 24. Second sub-mode by 360 : СН1 – resonant 
capacitor voltage, СН2 – resonant inductor current. 

 

 
 

Fig. 25. Second sub-mode by 360 : СН1 – AC power 
source voltage, СН2 – AC power source current. 

The second sub-mode waveform diagrams are shown in Fig. 
22, Fig. 23, Fig. 24 and Fig. 25. 

 
 

V. CONCLUSION 

A single-phase AC-AC converter using a bidirectional 
power device is described in this paper. The switching on of 
the device is done at zero voltage by simply monitoring its 
voltage, and the signal to control the device is applied to the 
gate after processing in the control system. The mode of the 
continuous current through the resonant inductance is studied, 
and two possible sub-modes were shown. A mathematical 
description, computer simulation and experimental studies are 
done for each of the sub-modes. The second sub-mode is 
characterized by a significant increase in the current through 
the load and the power device, and in the voltage over the 
resonance capacitor and the device. The advantages of this 
converter are its reduced losses due to the use of only one 
device and its implemented soft switching mechanism. There 
are possibilities for future investigations. For example, with a 
small change in the duty cycle of the control pulses to the 
bidirectional power device, is possible to change the converter 
from one sub-mode to the other, which causes step changes of 
the power to the load. This requires the development of a new 
regulation algorithm, where the power in the load is only 
adjusted in the first sub-mode by increasing the time for 
switching on the power device. Then increasing the power can 
only take place in the second sub-mode by increasing the time 
for switching on the power device. The possible converter 
applications are: induction heating and contactless inductive 
power transfer. 
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