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Abstract 

This paper proposes a novel active power decoupling converter topology, where additional 

components are not necessary in order to minimize the power decoupling circuit. In conventional 

EV/PHV battery charger systems with the power decoupling capability require several passive 

components and switching devices in order to absorb the power ripple at twice grid frequency. Thus, 

these topologies restrict the downsizing. In order to avoid the additional components for the power 

decoupling capability, this paper proposes the isolated DC to single-phase AC converter with an 

employment of a coupled inductor. This converter consists of a full-bridge inverter, a high frequency 

transformer and an indirect matrix converter in order to eliminate DC-link smoothing capacitors. 

Moreover, the additional inductor for the power decoupling circuit in the conventional topology can be 

substituted with leakage inductor of the coupled inductor in the proposed converter. In the proposed 

circuit, the coupled inductor is an isolation between the DC and the AC equipment for safety and the 

boost inductance. These characteristics result in a high-power-density converter. The validity of the 

proposed circuit is experimentally confirmed by a simulation and experiment at prototype. As a 

simulation result, the proposed method reduces the second-order harmonic of the power ripple by 97.5% 

at 3-kW of the output power. As experimental results, the proposed converter reduces the DC current 

ripple generated by a single-phase AC load by 46.5%. 

I. Introduction 

Recently, due to an increasing focus on energy saving, research on PHV/EV has been rapidly 

expanded [1-3]. As a main component of a battery charger for these vehicles, a DC to single-phase AC 

isolated converter is employed in order to provide a safe connection between DC bus and general single-

phase AC equipment. Downsizing and long life-time are required for the DC to single-phase AC isolated 

converters. In this converter, DC bus voltage has a power ripple at twice the grid frequency which is 

caused by instantaneous power mismatch between the DC side and the single-phase AC grid side. A 

large capacitance value of the DC-link capacitor is required in the DC-link to absorb the power ripple 

in the conventional method, leading to the use of bulky electrolytic capacitors. However, these bulky 

electrolytic capacitors limit life-time and the downsizing of the DC to single-phase AC converters. 

In order to solve these problems, many circuit topologies with the power decoupling capability have 

been studied [4-11]. In particular, these circuit topologies employ passive components and several 

additional switching devices for power decoupling capability, which is defined as active power 

decoupling capability. In such active power decoupling capability, the capacitor voltage is actively 

fluctuated, so only small capacitance value is required and replaced with a film capacitor or ceramic 



capacitor. Thus, these systems with the active power decoupling capability achieve the long life-time 

because the bulky electrolytic capacitors are eliminated. Focusing on [4], the DC to single-phase AC 

non-isolated converter is introduced as a simple configuration with the power decoupling circuit 

constructed in the third leg of the full bridge inverter. This topology controls the buffer capacitor voltage 

of the power decoupling circuit using two additional switching devices and an additional inductor. This 

additional inductor prevents the minimization of the converter. 

In order to avoid the additional magnetic component, the DC to single-phase isolated converters with 

boost-type topologies are also studied. These converters consist of a fly-back-type inverter and 

additional switching devices for the buffer circuit. Although the employment of the fly-back-type 

topology eliminates the additional inductor, the power capacity of the fly-back-type topology is limited 

in term of the converter-efficiency. As a conclusion, the conventional topologies in [4-9] require either 

the additional switching devices or the additional inductor for the power decoupling circuit. This leads 

to a low efficiency and difficulties in downsizing. 

This paper proposes a novel DC to single-phase AC isolated converter using the coupled inductor to 

achieve the power decoupling capability. A boost converter with coupled inductor is applied in the 

proposed circuit because this topology reduces both inductor volume and conduction loss compared to 

conventional boost topologies [12-13]. Therefore, an interleaved topology of the boost converters with 

coupled inductor is suitable to employ as a primary-side converter of the DC to single-phase AC isolated 

converter. 

The originality of this paper is that the transformer between the DC side and the AC side is integrated 

as the coupled inductor in order to eliminate any additional switching devices or any additional inductor 

for the power decoupling capability. In particular, the primary-side converter of the proposed system is 

comprised of a full bridge inverter, which also operates as two-phase interleaved boost converters to 

boost the voltage of small capacitors, which absorb the power ripple. Owning to the boost converters, 

the buffer capacitor voltage can be pushed up higher than the DC input voltage. Consequently, the buffer 

capacitance for the power decoupling circuit is reduced by the fluctuation of the buffer capacitor at high 

voltage. Moreover, the additional inductor for the power decoupling circuit in the conventional topology 

is substituted with a leakage inductor of the coupled inductor in the proposed converter; meanwhile, the 

additional switching devices are unnecessary because the primary-side converters are operated as a 

power decoupling circuit during the common-mode of the coupled inductor. On the other hand, the 

secondary-side converter can reduce the switching loss because the secondary-side converter is operated 

at the twice grid frequency. Thus, the proposed converter achieve the downsizing and the long-lifetime 

by the elimination of the additional components.  

This paper is organized as follows; first, the proposed converter for the DC to single-phase AC 

converter and the principle of the power decoupling method are introduced; second, the operation mode 

of the proposed converter and the modulation methods with power decoupling capability are explained; 

finally, the fundamental operation waveforms of the proposed converter are evaluated in simulations 

and experiments.  

II. Circuit Topology 

A. Conventional Circuit 

Figure 1 depicts a conventional isolated converter for the DC to single-phase AC converter. The 

conventional topology consists of an interleaved boost converter, an isolated DC to DC converter and 

an H-bridge inverter. The interleaved boost converter at the primary-side in the conventional system is 

required in order to push the low input voltage, e.g. the low voltage of the photovoltaic panel, up to the 

voltage higher than the peak voltage of the single-phase grid voltage. This two-phase interleaved 

topology is employed to reduce the conduction loss and the volume of the boost inductor by dividing 

the current by half. In addition, the full-bridge inverter at the primary side of the isolated DC to DC 

converter generates a high-frequency square voltage, which can reduce the volume of the transformer. 

In this topology, the DC current has a power ripple component caused by the single-phase AC side. 

Thus, a bulky electrolytic capacitor Cdc2 is required in the DC-link in order to compensate the power 

ripple. However, this capacitor Cdc2 limits the converter’s life-time. 



Figure 2 depicts a conventional isolated 

DC-single-phase-AC converter with the 

conventional power decoupling circuit. 

This power decoupling circuit is applied at 

the output of the boost circuit in order to 

eliminate the bulky electrolytic capacitor. 

In the conventional power decoupling 

method, the buffer capacitor voltage is 

actively fluctuated in order to absorb the 

power ripple. Therefore, the DC-link 

capacitor value can be minimized in 

comparison with that in Fig. 1 because the 

power ripple is compensated by the high 

voltage fluctuation at the small buffer 

capacitance of Cbuf. However, the 

conventional power decoupling method 

requires additional switching devices and 

magnetic components. Consequently, this 

method increases the volume of the cooling 

system and the converter loss. 
B. Proposed Circuit 

 Figure 3 presents the proposed isolated 

DC to single-phase AC converter. The 

proposed converter consists of an indirect 

matrix converter and an interleaved boost 

converter with the coupled inductor. The 

third winding of the coupled inductor is 

electrically isolated to the primary side in 

order to transfer the power to the secondary 

side. A buffer capacitor Cbuf and a boost 

inductor Lboost contributes to the power 

ripple compensation. In particular, the 

charge and the discharge of Cbuf 

compensate the power ripple, whereas the 

boost-inductor current ibc is controlled by 

the interleaved boost converter. 

Furthermore, in the proposed converter, the 

applying the three-winding inductor 

achieves the DC current control and the 

grid current control at the same time. In 

particular, the DC current control is 

employed with a common-mode operation 

of the three-winding inductor, whereas the 

grid current control is implemented with a 

differential- mode operation. 

Consequently, the system with the power 

decoupling capability operates the two 

current controls without additional 

switching devices and buffer inductors owing to the employment of the three-winding coupled inductor. 

The indirect matrix converter in the secondary side is employed to eliminate the DC-link smoothing 

capacitors in a conventional Back-to-Back system. The indirect matrix converter performs the rectifier 

operation and the polarity reversion of the input voltage to output the grid voltage. Therefore, the DC/AC 

conversion of the indirect matrix converter is achieved with the significant loss reduction of the 

switching loss because the switching is operated at twice the grid frequency. It is should be noted that 
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Figure 1.  Conventional isolated DC to single-phase 

AC converter with interleaved boost topology. The 

conventional converter uses a bulky electrolytic 

capacitor Cdc to absorb the power ripple caused by a 

single-phase load. 
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Figure 2.  Conventional isolated DC to single-phase 

AC converter with active buffer circuit. The 

conventional converter uses a bulky electrolytic 

capacitor Cdc to absorb the power ripple caused by a 

single-phase load. 
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Figure 3.  Proposed isolated DC to single-phase 

AC converter. The primary-side converter together 

with the coupled inductor and the buffer capacitor are 

controlled in order to convert the DC input power to 

the AC power and absorb the power ripple without 

additional switching devices and inductors. 

 
 
 



in case of the required bi-directional 

operation, a full bridge inverter is applied 

instead the diode rectifier of the indirect 

matrix converter. 

III. Control Strategy 

A. Principal of power decoupling 

Figure 4 depicts the principle of the 

power decoupling method in this section. 

This power decoupling method is achieved 

by the compensation of the power ripple in 

the DC-link voltage with a small 

capacitance Cbuf. If the grid current igrid is 

sinusoidal waveform and the unity power 

factor is achieved, an instantaneous output 

power pout is expressed by the following: 
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where Vload is the root-mean-square values of the output voltage, Iload is the RMS value of the output 

current, Pave is the average output power and ωo is the grid-side angular frequency. The ripple component 

shown as the second term on the right side of (1) should be eliminated in order to obtain a constant DC 

current in the DC side. Note that other topologies which absorb the power ripple, for example C-L-C 

topology, are not effective to reduce the volume of the conventional circuit. 

 cos 2buf ave op P t          (2) 

The polarity of the buffer power is defined to be positive when the buffer capacitor is charged. The 

buffer capacitor voltage vCbuf which needs to absorb the power ripple is calculated based on the energy 

of the buffer capacitor. First, the energy of the buffer capacitor WCbuf is expressed by a voltage-current 

equation of a capacitor and (2). 
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where t0 is a start time of operation. By using (3), the buffer capacitor voltage to compensate the power 

ripple is presented by the following: 
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where Vco is the buffer capacitor voltage at a start time. If t0 is zero, (4) is rewritten as (5). 
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In the proposed circuit, the DC current flowing to the coupled inductor from DC supply is controlled as 

a constant DC value. Thus, the buffer capacitor voltage has the power ripple components. The proposed 

converter with the power decoupling capability is achieved, whose result is that the power ripple 

component at DC side is absorbed. 
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Fig. 4.  Relationship among each waveforms. 

 

 



B. Duty calculation 

 Figure 5 depicts the operation modes of the primary-side converter with the coupled inductor. The 

proposed primary-side converter has four operation modes which generate a phase difference between 

the switching of each arm as an interleaved converter. The boost inductor Lboost is considered as a leakage 

inductor of the coupled inductor. Therefore, if the inductance value of the leakage inductor is insufficient 

for the design value, a small inductor is added. In the proposed system, the differential-mode voltage of 

the coupled inductor is controlled to generate the output current, whereas the common-mode voltage is 

controlled to perform the power decoupling capability. In the control of the differential-mode voltage, 

the three-winding voltage of the coupled inductor is controlled into a three-level voltage by operation 

modes as shown in Fig. 5 (a) and (b). On the other hand, the common-mode voltage vcom is controlled to 

absorb the power ripple in the control of the common-mode voltage. In particular, the power ripple 

component occurs in the buffer capacitor voltage, because the DC current is regulated into a constant 

value in the proposed power decoupling method. Moreover, the proposed power decoupling capability 

consists of a boost topology. The coupled inductor is boosted the fluctuation of the buffer capacitor 

voltage in bigger that the DC voltage Vdc. The capacitance of the buffer capacitor is achieved to reduce 

enough to increase the fluctuated voltage of the buffer capacitor to absorb the power ripple. Thus, the 

proposed converter with the boost topology of the power decoupling capability is achieved to reduce the 

capacitance than a buck-type topology of the one. 

In the proposed method, each duties of the primary converter in one carrier period requires to meet 

a following equation (6). 

_ _ _ _1 dif a dif b com c com dd d d d            (6) 

where ddif_a and ddif_b are the duties of the differential mode as shown in Fig. 5(a) and (b), whereas dcom_c 

and dcom_d are the duties of the common mode as shown in Fig. 5(c) and (d). If the output voltage is 

controlled into a sinusoidal waveform, the voltage pulses between the first and second winding are 

controlled as PWM pulses. The sum of the differential-mode duties ddif is expressed as follows: 

S1ap

S1bn

S1bp

S1an

S1ap

S1bn

vdif

Lboost
VCbuf

Cbuf

Vdc

vcom

S1bp

S1an

vdif

Lboost

Vdc

vcom

VCbuf

Cbuf

(a) Differential mode 1                                   (b) Differential mode 2 

 

S1ap S1bp

vdif

S1an S1bn

S1ap S1bp

S1an S1bn

Lboost

Vdc

vcom

VCbuf

Cbuf vdif

Lboost

Vdc

vcom

VCbuf

Cbuf

(c) Common mode 1                          (d) Common mode 2 

 

Fig. 5. Operation modes of primary-side converter with coupled inductor. The primary side of the 

proposed system is operated in two modes; the differential mode when the power is delivered to the 

secondary-side and the common mode when the power ripple is adsorbed. 
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where vout
* is a reference of the output voltage. 

Then, the common mode of the proposed method is applied the remaining period after the differential 

mode. Therefore, the duty of the common mode is calculated by the following: 

*

_ (1 )
2

com
com c dif

dc

v
d d

V
            (8) 

where vcom
* is a reference of the common voltage and is output by a PI control of the DC current as 

explained in the next section. 

Figure 6 depicts a relationship among each reference, the triangle carrier and the switching pattern 

of the primary converter in the proposed system. In the differential voltage mode, the differential voltage 

pulses between the first and second winding are controlled as PWM pulses. Then, the voltage the period 

of the each duties as shown in Fig. 5(a) and (b) in a carrier period is needed to be equal in order to 

suppress a DC biased magnetization of the coupled inductor, especially. The comprising signals A and 

B is generated by comprised duties which the sum of dcom_c and ddif and only dcom_c and a triangle carrier 

as shown in Fig. 6. Thus, the desired operation in 

each duties of the primary converter is actualized as 

described previously. The primary converter of the 

proposed system achieves the power decoupling 

operation and the transfer power to the secondary 

side as a same time without the additional passive 

components and the switching devices. 

C. Control Strategy 

 Figure 7 shows the control block diagram of the 

proposed system with the power decoupling 

capability. The current controls and voltage 

controls are employed with PI controllers. The DC 

current is controlled to a constant DC value to 

absorb the power ripple component. This DC 

current control is applying as a minor loop of the 

buffer capacitor voltage control. This buffer 

capacitor control controls only the average of the 

buffer capacitor voltage vCbuf_ave in order to avoid 

the divergence of vCbuf_ave. The average value of the 

buffer capacitor voltage vCbuf_ave is twice of the 
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Fig. 7. Proposed control block diagram. The DC current is controlled to absorb power ripple. The 

buffer capacitor voltage control is employed in order to avoid the divergence of the average voltage 

due to discretization.   
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Fig. 6.  Current and voltage operating 

waveforms of proposed converter with power 

decoupling capability. The buffer capacitor 

voltage absorbing the ripple component is 

controlled by the zero-voltage period of the 

primary-side transformer voltage.  

 



common voltage vcom. In the proposed converter, the 

output current is controlled by the full bridge inverter 

at the primary side. Then, the diode bridge rectifiers 

the differential-mode voltage, whereas the full bridge 

inverter at the secondary side operates a unfolder and 

changes the polarity of the voltage pulse in 

responding to the polarity of the grid voltage. Thus, 

the secondary-side converter achieves the reduction 

of the switching loss. 

IV. Simulation and Experimental 

Results 

A. Simulation results in steady state 

The performances of the proposed circuit are 

verified by simulation and experiment. 

Table I shows the simulation condition for the 

proposed isolated DC-single-phase-AC-converter 

with the power decoupling capability. It should be 

noted that in the confirmation operation without the 

power decoupling capability, the simulation and 

experimental results of the power ripple component 

is acquired under the conditions that the gain of the 

DC current controller is reduced and the gain of the 

average voltage controller of the buffer capacitor Cbuf 

is increased. 

 Figure 8 and Figure 9 show the input and the 

output waveforms with/without the proposed power 

decoupling method, respectively. A input current is 

filtered with a LPF with a cut-off frequency of 1 kHz 

in order to remove a switching ripple. Fig. 8 shows 

the result without the power decoupling method. 

Thus, the input current has a power ripple component 

at 100 Hz because the power ripple component is not 

compensated by buffer capacitor in this operation 

mode. Then, the ripple component is 127.1% with 

reference to an average current in Fig. 8. In contrast, 

as shown Fig. 9, the proposed power decoupling 

TABLE I 

SYSTEM PARAMETERS. 

Boost L (Lboost)

Rated power

Carrier frequency of 

full bridge inverter

Buffer C (Cbuf)

Load voltageDC bus voltage

Load frequency

200 Vdc

3 kW

1.1 mH

150 mF

50 kHz

200 Vrms

50 Hz

Natural angular frequency

of DC current control 6000 rad/s
Natural angular frequency 

of load current control 4000 rad/s

Filter L (Lload) 2.0 mH

Load current 15 Arms

Natural angular frequency 

of buffer C voltage control

Turn ratio of coupled 

inductor N1:N2:N3
1 : 1 : 2

30 rad/s

Damping factor of 

DC current control

Damping factor of buffer 

C voltage control
0.7 1.0
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method is controlled to actively fluctuate the buffer capacitor voltage vcbuf. Consequently, the secondary-

order harmonics in the DC input current is suppressed greatly. As a result, the ripple of the DC input 

current is suppressed by 97.5%. 

B. Experimental results 

Figure 10 (a) depicts the experimental waveform of the input and output voltage and Figure 10 (b) 

depicts the extended waveform of the coupled inductor in the proposed converter with open-loop control 

of the load current control. It should be noted that these experimental results are obtained with a natural 

angle frequency of the input current control of 4000 rad/s, a buffer capacitor of 200 μF, vout of 100 Vrms 

and an R-L load as the single-phase AC load. The boost operation, which pushed the voltage of the 

buffer capacitor higher than that of the DC voltage Vdc, is confirmed by Fig. 10 (a). On the other hand, 

as shown Fig.10 (b), the differential-mode voltage vdif is a three-level voltage waveform, which is 

combined of + vCbuf, - vCbuf, and a zero voltage period. This zero voltage periods of vdif in the power ripple 

operation is decided by the capacitance of Cbuf and the output power. Moreover, the period of the zero 

level in the differential voltage is utilized with the top and bottom level of the common mode voltage. 

Thus, the power decoupling operation and the output current control are achieved at the same time. 

Through these results, the operation of the primary-side converter with the power decoupling operation 

in the proposed system is confirmed without additional switching devices and magnetic components. 

Figure 11 shows the waveforms of the proposed converter with/without the proposed power 

decoupling method, respectively with Vdc of 150 V and vout of 100 Vrms. As shown in Fig.11 (a), the DC 

input current has a power ripple component at second-order harmonics of the grid frequency. The buffer 
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Fig. 11. Experimental waveforms with/without power decoupling method  in steady state. 
 

 



capacitor voltage fluctuation is small because the power ripple component is not compensated by buffer 

capacitor in this operation mode, i.e. the passive power decoupling capability. Therefore, the capacitance 

of the buffer capacitor Cbuf is smaller than the necessary capacitance to absorb the power ripple. In 

contrast, from Fig. 11 (b), the proposed power decoupling method is controlled to actively fluctuate the 

buffer capacitor voltage vCbuf. Consequently, the second-order harmonics in the DC input current is 

suppressed greatly.  

Figure 12 shows the harmonic analysis of the input current. Note that the fundamental harmonic is 

based on the grid frequency component. The harmonic components of the input current up to 20th-order 

of the grid frequency are considered in this evaluation. It is confirmed from the analysis result, the ripple 

component (100 Hz) without the power decoupling method is 65.6%, which is normalized by the DC 

component of idc. In contrast, the proposed method reduces the second-order harmonics of the input 

current as shown in Fig. 11 (b) by 46.5%. Consequently, the experimental results verified the 

fundamental operation of the proposed power decoupling method. The input current ripple will be 

reduced more by improving the input current control performance and clarifying the optimized design 

to absorb the power ripple component. 

V. Conclusion 

This paper proposed the DC to single-phase AC isolated converter with the boost-type topology of 

the power decoupling capability by the three-winding coupled inductor. The proposed system with the 

indirect matrix converter is expected to achieve down-sizing compared to the conventional rectifier-

inverter system, because in the proposed system a bulky electrolytic capacitor for DC-link is not required. 

Moreover, the additional switching devices and magnetic component for the power decoupling operation 

do not required in the proposed method. In particular, leakage inductors of the coupled inductor are 

employed for the power decoupling circuit and the boost operation of the full bridge inverter. As a 

simulation result, the power ripple component as a secondary-order harmonics is reduced by 97.5% in 

comparison without the proposed power decoupling method. In addition, the experimental result verifies 

the proposed power decoupling method and the secondary-order harmonics caused by the power ripple 

reduced by 46.5%. 
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