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the front-end DC/DC converter are reduced.  
The DP-AMIs in Fig. 3 can realize active and reactive power 

output because they have symmetrical structure and allow 
bidirectional power flow between the two DC ports and the AC 
port. For some applications, if only unidirectional power flow 
from DC ports to AC output is required, the inverters can be 
further simplified, as shown in Fig. 4 and Fig. 5. In Fig. 4 (a), 
only two clamping diodes are used and two clamping diodes 
and two active switches are removed in comparison with the 
NPC-type DP-AMI shown in Fig. 3(a). The two clamping 
diodes and two active switches, S1 and S2, in Fig. 4 (a) can be 
further merged and then the topology is further simplified to be 
the one shown in Fig. 4 (b).In Fig. 5 (a), the T-type DP-AMI is 
simplified by using two diodes, D1 and D2, replacing the two 
active switches in Fig. 3(b). In Fig. 5 (b), the T-type DP-AMI is 
further simplified because only one clamping diode DL is used. 

III. OPERATION AND MODULATION OF THE PROPOSED 

DP-AMI 

The simplified T-type DP-AMI shown in Fig. 5 (b) is taken 
as an example and to be analyzed to explain the control and 
operation principles of the proposed inverter.  

As shown in Fig. 5 (b), the low voltage source VL and the 
high voltage source VH provide two voltage-levels for the 
inverter. The multiple voltage levels are helpful for reducing 
the size/volume of the output filter. From the topology point of 
view, the proposed DP-AMI is similar to the three-level T-type 
inverter[19]. However, the three-level T-type inverter is used to 
generate balanced multiple voltage-levels, to reduce switching 
losses and improve output voltage quality, whereas the 
proposed inverter is used to reduce the conversion stages and 
improve the overall conversion efficiency. Although three 
voltage-levels can be obtained with the proposed DP-AMI, the 
lower voltage-level is variable and determined by the low 

voltage source VL directly. This is the reason that the proposed 
inverter is named as asymmetrical multi-level inverter. 

A. Operation Principles 

Multi-carrier-based SPWM modulation strategy is applied to 
the proposed inverter. The key waveforms of the proposed 
DP-AMI are shown in Fig. 6, where vGS1~vGS4, and vGSL1~vGSL2 
are the driving signals of switches S1~S4 and SL1~SL2, 
respectively, vref is the reference voltage, vcHP and vcLP are the 
two carrier voltages for the positive half-cycle, vcHN and vcLN are 
the two carrier voltages for the negative half-cycle, and vab is 
the voltage between the mid-points of the two switching 
bridges.  

Due to the symmetry of the topology and operation of the 
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Fig. 6. Key waveforms of the DP-AMI. 
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Fig. 7. Equivalent circuit of each switching State, (a) State I, (b) State II, and (c) 
State III. 
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proposed DP-AMI, only the operation principles of the positive 
half-cycle of the output voltage are analyzed in detail. It should 
be noted that, in the positive half cycle, the switch S4 is always 
ON while switches S3 and SL2 are always OFF. The other 
switches, i.e. S1, S2 and SL1, are operated in high frequency. Due 
to the symmetrical configuration of the circuit and operation of 
the inverter, the modulation and operations in the positive and 
negative half cycle are similar. The only difference is that the 
role of SL1 and SL2, S1 and S3, and S2 and S4 are exchanged. As 
illustrated in Fig. 6, in the positive half-cycle, according to the 
relationship between the amplitude of VL and the instantaneous 
value of the output voltage vo, the inverter has two operation 
modes. 

1) Mode 1: VL>vo 
The inverter operates in the mode 1 when VL>vo. In this mode, 

the switch S1 keeps OFF, and SL1 and S2 are driven 
complementary. Hence, all the output power is supplied by the 
low voltage source VL directly. There are two switching states. 
The equivalent circuit of each switching state is shown in Fig. 7, 
where a LC-type output filter is used for the output. 

State I [Fig. 7(a)]: SL1 and S4 are ON, and the other switches 
are OFF. The voltage source VL supplies power to the load 
directly. So diode DL is ON and the mid-point voltage vab=VL. 

State II [Fig. 7(b)]: S2 and S4 are ON, and the other switches 
are OFF. The inductor current freewheels through S2 and S4, 
and vab=0. 

2) Mode 2: VL≤vo 
The inverter operates in in the mode 2 when VL≤vo. In this 

mode, the switch SL1 and S4 are kept in ON state, S1 is switched 
in high frequency, and the other switches are always OFF. In 
this mode, the voltage sources VL and VH supply power to the 
load alternatively. There are two switching states as well. 

State I [Fig. 7(c)]: SL1, S1 and S4 are ON, and the other 
switches are OFF. Since VH>VL, the diode DL is reverse-biased. 
Therefore, only VH supplies power to the load, and the 
mid-point voltage vab=VH. 

State II [Fig. 7(a)]: The equivalent circuit and operation 
principle of this switching state are the same as the State I in the 
mode 1, in which VL supplies power to the load and the 
mid-point voltage vab=VL. 

According to the operation principles, it is seen that the low 
voltage source VL can supply power to the load directly within 
the entire operation range. Meanwhile, three voltage levels, i.e. 
VH, VL and 0, can be obtained from the mid-point of the 
switching bridges in the positive half cycle of the output 
voltage. It should be noted that, theoretically, a negative 
voltage level (VL-VH) can be generated if both SL1 and S3 are ON. 
However, this voltage level is not used in the positive 
half-cycle of the output voltage, because it will lead to higher 
switching losses and current ripple on the filter inductor. 

B. Modulation Strategy 

The positive half cycle of the output voltage is taken as an 
example to analyze the modulation strategy. The duty cycle of 
the switches S1 and SL1 are defined to be dS1 and dLS1, 
respectively. In order to minimize the power conversion stage, 
the upper switch S1 should keep OFF and all the power should 
be supplied by VL if vo<VL, and the lower switch SL1 should 

keep ON to maximize the power supplied by VL if vo≥vL. Since 
the switching frequency of the converter is much higher than 
the frequency of output voltage, the volt-second balance of the 
filter inductor Lo is satisfied in every switching cycle. 
According to the operation principles and waveforms shown in 
Fig. 6, the relationship between VL, VH and vo can be expressed 
as: 

1 1 1sin( )  min[( ,1 )]o o H S SL S Lv V t V d d d V          (1) 

When the converter works in the Mode 1, the equation can be 
expressed as: 
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When vo≥VL and the converter works in the Mode 2: 
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Then, the duty cycles dS1 and dLS1 are expressed as: 

1

1

sin( )
  

1

o L
S

H L

LS

V t V
d

V V

d

   
 

                    (5) 

The principle of modulation strategy has been illustrated in 
Fig. 6. Two carriers, vcLP and vcHP, are used for the positive 
half-cycle to generate the driving signals. vcHP is offset by the 
peak amplitude of vcLP. The reference voltage vref is the output 
of the closed-loop voltage or current regulator. When vref is 
lower than vcHP, S1 is always OFF and dSL1 is determined by vref. 
When vref is higher than vcLP and compared with vcHP, SL1 is 
always ON and dS1 is determined by vref. It is found that the 
modulation of the proposed inverter is complex than the 
full-bridge inverter in the conventional two-stage DC/AC 
power conversion system. However, in practice, this 
modulation scheme can be easily realized using a digital signal 
processor. 

IV. CHARACTERISTICS AND ANALYSIS 

Only the positive half-cycle of output voltage is analyzed in 
this section. Supposing the inverter is applied to a 
grid-connected application and the output current io is in phase 
with the output voltage vo: 

2[ sin( )][ sin( )] 2 sin ( )o o o o o op v i V t I t P t            (6) 

where Po and po are the average and instantaneous values of 
output power, while Vo and Io are the peak amplitudes of vo and 
io, respectively 

It is seen that the voltage source VH only supplies power to 
the load in the Mode 2. When S1 is ON, the power supplied by 
the voltage source VH is expressed as: 

sin( )H H op V I t                (7) 

Meanwhile, when S1 is OFF, the power supplied by the 
source VL is expressed as: 

sin( )L L op V I t                   (8) 
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Then, ignoring the power losses, according to the power 
balance, the relationships among pH, pL and po in each 
switching cycle satisfy: 

1 1(1 )S H S L od p d p p                  (9) 
where dS1pH and (1-dS1)pL are the average power supplied by VH 
and VL, respectively, in each switching period. If the output 
power is analyzed from the scale of the low-frequency of the 
output voltage, the instantaneous power that supplied by VL can 
be represented by the average power of VL in each 
high-frequency switching period, because the switching 
frequency is much higher than the frequency of the output 
voltage. For simplicity, the instantaneous power is normalized 
by the average output power Po of the inverter. According to (6)
-(9), the normalized instantaneous power supplied by VL and VH, 
i.e. pLN and pHN, are expressed as follows:  
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According to (10), the normalized average power, PDTN, that 
directly supplied by the low voltage source VL in the positive 
half-cycle of the output voltage is calculated as follows. 

0

1
( )DTN LNP p d t






                  (12) 

where PDTN represents the ratio of the power supplied by VL to 
the total output power of the inverter. 

The curves of the normalized instantaneous pLN, pHN and the 
average power PDTN are illustrated in Fig. 8 and Fig. 9, 
respectively, where the curves are plotted with the condition of 

VH=380V and Vo= 220 2 V. In Fig. 8, the dashed line is the 
normalized instantaneous output power of the inverter, and the 
area below the solid lines represents the power directly 
supplied by the source VL. Meanwhile, the area between the 
dashed and solid lines represents the power supplied by the 
high voltage VH. It can be seen that all the power is supplied by 
VL if VL>vo, and VL can also supply power to the load when 
VL<vo. As shown in Fig. 8 and Fig. 9, it is found that the power 
directly supplied by VL is proportional to the amplitude of VL. 
Particularly, all the power can be supplied by VL if VL≥Vo. 
Therefore, for practical applications, a higher VL is better for 
reducing the conversion stages of the DC/AC converter. 

Since part of the power does not need to be processed by the 
front-end DC/DC converter, the stresses and power losses of 
the entire DC/AC power conversion system can be reduced and 
the efficiency can be improved. It should be noted that the 
conversion efficiency benefits not only from the reduced 
conversion stages, but also from the reduced switching losses. 
According to the operation principles, three voltage levels can 
be generated by the DP-AMI in the positive half cycle of the 
output voltage, and the voltage stresses of SL1 and S1 is VL and 
(VH-VL), respectively, rather than the high voltage VH when they 
are switched in high frequency. Therefore, the switching losses 
can be reduced significantly due to the multi-level 
characteristics. However, in comparison with the symmetrical 
multi-level inverters, the voltage stresses of SL1 and S1 in the 
proposed DP-AMI is determined by VL and not a constant value. 
Meanwhile, the voltage level, VL, generated by the DP-AMI is 
not constant as well, which would be a drawback for the 
proposed DP-AMI compared to the existing multilevel 
inverters. For the proposed DP-AMI, the worst case of VL 
should be taken into consideration when design the parameters 
of switches and the output filter. 

V. EXPERIMENTAL VERIFICATION 

A 1kW DP-AMI-based DC/AC power conversion system is 
built and tested based on the configuration shown in Fig. 1(b) to 
verify the effectiveness of the proposed method. The schematic 
of the proposed DC/AC power conversion system and the 
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Fig. 8. Curves of pLN and pHN in one cycle of output power with different values 
of VL. 
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experimental setup is shown in Fig. 10(a) and (b), respectively. 
A boost converter is employed as the front-end DC/DC 
converter. It is seen that a high voltage VH is generated by the 
Boost converter from VL and used as the input of the DP-AMI. 
Therefore, the proposed inverter can be seen as a Boost-type 
inverter if the Boost converter is seen as a part of the DC/AC 
power system. However, if the Boost stage is not included, and 
the two voltages VL and VH are considered as the two DC inputs 
of the DP-AMI, the DP-AMI is still a buck-type inverter, which 
is the same as a conventional buck-type inverter without any 
boost stage. In Fig. 10(a), the capacitor CH is used to smooth the 
low frequency voltage ripple introduced by the pulsating power 
on the VH port, which is similar to that in the conventional 
two-stage DC/AC converter. However, as shown in Fig. 8, the 
power supplied by VH in the proposed converter is inversely 

proportional to the amplitude of VL. Therefore, the maximum 
voltage ripple on CH occurs when VL at its minimum value. 
When VL at its minimum value, according to the charge-balance 
principle, the capacitor CH is calculated as follows: 

(1 )

2
DTN o

H
H H

P P
C

V V








             (13) 

where ΔVH is the peak to peak value of VH. 
The parameters of the proposed DC/AC power system are 

shown as follows: VL=190V-300V, VH=380V, 

vo= 220 2 sin(100 )t V. Sb, SL1, SL2, S1 and S3: IPW65R048C, 

S5 and S6: SCT2120AF, Db and DL: DSEC30-06A, Lb=2.5mH, 
CH=1000uF, Lo=5mH and Co=9.4uF. The design of the output 
filter is similar to the conventional voltage-fed inverters. Lo is 
designed according to the required current ripple, and Co is 
designed according to the bandwidth of the LC filter. The 
switching frequency of the Boost converter is 50kHz, while the 
switching frequency of the DP-AMI is 20kHz, which is the 
same as that in [1]. It should be noted that, for the proposed 
DC/AC power conversion system, the voltage VL is directly 
determined by the DC energy source and must be lower than VH, 
while the voltage of VH is designed according to the 
requirement of the peak amplitude of output voltage and 
modulation index, which is the same as the conventional 
two-stage DC/AC power system. In our experiment, the DC 
energy source is assumed to be 8 series-connected 250W PV 
panels, whose open-circuit voltage and the minimum operation 
voltage is 37.5V and 23.8V. Therefore, the VL is ranging from 
190V-300V, and the high voltage level VH is designed to be 
380V to make sure that VH is always higher than the peak 
amplitude of the AC output voltage. Then, the front-end Boost 
converter can be designed and implemented according to the 
required DC voltage ratio between VL and VH. 
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Fig. 10. (a) the schematic of the proposed DP-AMI-based DC/AC power 
system, (b) the picture of the experimental setup. 
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Fig. 11. Experimental waveforms with VL=190V, (a) vGS1, vGSL1, vGS2 and vGSb, 
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A. Steady-state Waveforms 

The steady-state experimental waveforms are shown in Fig. 
11 and Fig. 12, where vGSb is the driving voltage of the switch Sb 
in the front-end boost converter. The positive and negative 
voltage of the driving signals are +15V and -5V, respectively. 
The waveforms in Fig. 11 are tested with VL=190V while the 
waveforms in Fig. 12 are obtained with VL=300V. It can be 
seen that, in the positive half cycle, switches SL1 and S2 are 
driven complementarily. When VL>vo, S1 is always OFF, which 
means VH does not supply power to the inverter and all the 
power is supplied by the low voltage source VL. When VL<vo, 
SL1 keeps in ON state while S2 is in OFF state. The switch S1 is 
operated in high frequency. Meanwhile, three voltage levels, i.e. 
VL, VH and 0, are obtained in the positive half cycle of the 
output voltage, as shown in the waveforms of vab. From Fig. 
11(a) and Fig. 12(a), it can be seen that the switches S1 and SL1 
are always OFF while S2 is always ON in the negative half 
cycle of the output voltage. The driving signals and modulation 
strategies are in accordance with the analysis and theoretical 
waveforms in Fig. 6. 

As shown in Fig. 11 and Fig. 12, the high frequency 
operation range of the switch SL1 is proportional to the 
amplitude of VL, and the high frequency operation range of S1 
decreases with the increasing of VL. According to Fig. 9, when 
VL=190V, about 45% of the total power is directly supplied by 
VL, which means the maximum power rating of the front-end 
boost converter is only 55% of the total output power. When 
VL=300V, more than 95% of the output power is directly 
provided by VL. 

Considering the multi-level characteristics, the harmonics of 

output voltage can be reduced and output voltage quality can be 
improved in comparison with the conventional two-stage 
DC/AC power system, which is similar to the three-level 
T-type inverter in [19]. However, the harmonics of the 
proposed DP-AMI is not as good as the symmetrical operated 
three-level inverter. The comparison of the total harmonic 
distortion (THD) of the voltage vab among the proposed 
DP-AMI, the symmetrical operated three-level inverter and the 
conventional full-bridge inverter is shown in Fig. 13. The 
comparison is made with VH=380V. It is seen that the THD of 
vab in the proposed DP-AMI is a function of the low voltage VL. 
The THD becomes worse with the increasing of VL when 
VL>190V, but the THD performance of the DP-AMI is still 
much better than the conventional full-bridge inverter. The 
harmonic spectrum analysis of vab with VL=190V and 300V is 
shown in Fig. 14. Compared to the symmetrical operated 
three-level inverter with VL=190V, the harmonic component is 
higher when VL=300V. 

B. Voltage Control Capability 

As shown in Fig. 10(a), the proposed DP-AMI is connected 
to vo, VL and VH simultaneously. Any one of the three power 
ports can be regulated by the DP-AMI. For example, if VL is a 
constant voltage source, e.g. battery, the AC output voltage vo 
can be regulated by the DP-AMI, while the voltage VH is 
controlled by the front-end Boost converter. Fig. 15 shows the 
transient waveforms with load step-up/down when the output 
voltage vo is regulated by the DP-AMI. It is seen that both VL 
and VH are constant during load step-up/down. 

If the DP-AMI-based DC/AC converter shown in Fig. 10(a) 
is applied to a renewable power system, e.g. photovoltaic 
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Fig. 14. Harmonic spectrum of vab with VH=380V and (a) VL=190V, (b) 
VL=300V. 
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Fig. 15. Load step-up/down waveforms with output voltage control. 
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power system, the DP-AMI can be used to regulate the high 
voltage DC port, VH, or the low voltage DC port, VL. As shown 
in Fig. 16, the control block diagram and operation principle of 
the proposed DC/AC converter is similar to the conventional 
two-stage DC/AC converter in a photovoltaic system. The high 
voltage port, VH, is regulated by the inverter, and the low 
voltage DC port is regulated by the front-end Boost converter 
to achieve maximum power point tracking (MPPT) of the 
renewable source. A DC voltage source in series with a resistor 
is used to emulate the photovoltaic source in the experimental 
tests. The control of the proposed DC/AC converter is realized 
using a digital signal processor. The experimental waveforms 
when MPPT is achieved by the front-end Boost converter are 
shown in Fig. 17(a). It is seen that the voltage VH is 400V and 
regulated by the front-end boost converter before VL reaches its 
maximum power point, and VH=380V and regulated by the 
DP-AMI after VL reaches its maximum power point. Different 
from the conventional two-stage DC/AC converter, MPPT of 
the renewable source can also be achieved by regulating the 
low voltage VL through the DP-AMI. The experimental 
waveforms when MPPT is achieved by the DP-AMI are shown 
in Fig. 17(b). It is seen that the voltage VL decreases and is 

regulated by the DP-AMI while VH is always kept at 380V by 
the front-end boost converter. It is obvious that, in comparison 
with the conventional two-stage DC/AC power system, the 
implementation of MPPT with the DP-AMI is more flexible 
because it has more DC power ports and control freedoms. 

C. Efficiency Evaluation 

To verify the advantages of the proposed DP-AMI, a 
conventional two-stage DC/AC power system is built based on 
the configuration shown in Fig. 1(a). It should be noted that the 
parameters, devices, and PCB board of the conventional 
two-stage DC/AC power conversion system are exactly the 
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Fig. 17. MPPT waveforms with VL regulated by: (a) the front-end Boost 
converter, (b) the DP-AMI. 

TABLE I COMPARISON OF VOLTAGE AND CURRENT STRESSES OF SWITCHES 

Devise VL (V) 
Current stress (A) 

DP-AMI-based Traditional two-stage

Sb 
190 2.25 5.10 
300 0.06 1.88 

Db 
190 1.41 2.63 
300 0.04 2.63 

S1&S3 
190 2.05 2.68 
300 0.45 2.68 

S2&S4 
190 3.32 3.69 
300 3.42 3.69 

SL1&SL2 
190 2.41 N/A 
300 2.97 N/A 

DL 
190 2.41 N/A 
300 3.24 N/A 
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Fig. 18. Efficiency comparison. 
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Fig. 19. Efficiency of the proposed DP-AMI-based DC/AC converter when 
VL=190V and 300V, (a) efficiency of the front-end boost converter, (b) 
efficiency of the AML inverter, (c) overall efficiency of the DC/AC converter. 
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same as the prototype of the DP-AMI-based DC/AC power 
system. The comparison of the current stresses of the switches 
under full-load with VL=190V and 300V is listed in Table I, 
where Sb and Db are the switch and rectifying diode of the 
front-end Boost converter, S1-S4 are the switches of the 
full-bridge inverter. It is seen that, although two more switches 
SL1&SL2 and a diode DL are used in the proposed DP-AMI, the 
current stresses of the other switches, i.e. Sb, S1~S4, and diode 
Db in the DP-AMI-based DC/AC power system are much lower 
than that of the corresponding devices in the conventional 
two-stage DC/AC power system. It should be noted that the 
voltage stresses of SL1&SL2 and DL are VL and (VH-VL), 
respectively, while the voltage stresses of other switches and 
diode are VH. Therefore, low voltage rating devices with better 
switching and conduction performance can be used for the two 
additional switches SL1&SL2 and diode DL in the DP-AMI. 
Compared to the conventional two-stage DC/AC power system, 
the cost of power devices in the DP-API may be slightly higher 
than that of a traditional full-bridge inverter, but the cost of the 
front-end boost stage can be reduced significantly. 

 The overall efficiency of both the proposed DP-AMI-based 
and the conventional two-stage DC/AC power systems are 
tested and compared. The efficiency of the proposed and 
conventional two-stage DC/AC power conversion systems are 
shown in Fig. 18. The efficiency is tested using a power 
analyzer WT1800. It can be seen that the efficiency of the 
conventional two-stage conversion system increases with the 
increasing of the voltage VL. It is because the efficiency of the 
front-end boost converter increases when the input voltage 
rises. However, the efficiency of the proposed DP-AMI is not 
sensitive to the voltage of VL. It is seen that about more than 
1.5% efficiency improvement within the entire operation range 
has been achieved with the proposed DP-AMI. 

The details of the efficiency of the proposed DC/AC 
converter when VL=190V and 300V are shown in Fig. 19. Fig. 
19(a) is the efficiency of the front-end boost converter. It is 
seen that the output power of the boost converter is very low 
when VL=300V, because most of the power is directly supplied 
to the DP-AMI from VL. Hence, the conversion efficiency of 
the boost converter is low because of the light-load operation 
condition. Fig. 19(b) is the efficiency of the proposed DP-AMI. 
It is seen that the conversion efficiency at VL=300V is lower 
than that with VL=190V. It is because the switching loss is 
higher when VL=300V due to the asymmetrical voltage levels. 
Fig. 19(c) is the overall efficiency of the DC/AC converter. It is 
seen that, even though the efficiency of both the front-end 
boost converter and the DP-AMI is lower when VL=300V, the 
overall efficiency of the proposed DC/AC inverter with 
VL=300V is still higher than that with VL=190V when output 
power Po>500W. It is because that about 95% of the output 
power is directly supplied to the DP-AMI when VL=300V, 
whereas only 50% of the output power is directly supplied to 
the DP-AMI when VL=190V. 

The experimental tests indicate that higher efficiency is 
achieved with the proposed DP-AMI and reduced conversion 
stages. Therefore, although the cost of the active switches and 
gate drivers in the proposed DP-AMI is higher than the 
conventional full-bridge inverter because of more active 
switches used, the power stress and cost of the front-end boost 

converter, the size/volume/cost of the filter inductor, and the 
thermal stress of the DC/AC converter can be reduced. As a 
result, the cost of the cooling system and mechanical package 
of the whole DC/AC power system would be reduced 
effectively with the proposed DP-AMI. These advantages make 
the proposed solution a good candidate for various DC/AC 
power systems. 

VI. CONCLUSION 

A new, straightforward and simple method for improving the 
efficiency of the conventional two-stage DC/AC power system 
has been proposed and verified in this paper. This method is 
based on a simple fact that a low voltage dc source can also 
directly supply power to the AC output side of an inverter, no 
matter the instantaneous value of the AC output voltage of the 
inverter is lower or higher than the low voltage dc source. This 
solution is realized by proposing a family of dual-DC-port 
asymmetrical multi-level inverter. Based on the proposed 
dual-DC-port asymmetrical multi-level inverter, a new power 
flow path between the low voltage source VL and the inverter is 
built. As a result, part of the input power can be directly 
supplied to the inverter and will not be processed by the 
front-end DC/DC converter. Hence, the conversion stages, the 
current/power stresses of the front-end DC/DC converter can 
be reduced significantly. Furthermore, multiple voltage levels 
can be generated by the proposed inverter, and the voltage 
stresses on the switches can be reduced as well. Therefore, the 
conduction and switching losses are reduced and the 
conversion efficiency is improved. The experimental results on 
a 1kW prototype verify the effectiveness and feasibility of the 
proposed solution. The proposed asymmetrical multi-level 
inverter provides a good candidate for various DC/AC power 
systems, e.g., renewable energy systems, micro-grids, energy 
storage and electrical vehicles, etc. 
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