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Abstract 

In this article, a new single-phase reduced-switch-count inverter is proposed. The proposed inverter can supply energy 

independently to two ac loads and is capable of both stepping up and stepping down the input voltage. A detailed pulse-width 

modulation strategy is presented for the proposed inverter, which can generate both equal-frequency and different-frequency 

output voltages simultaneously. Finally, simulations are performed in PSIM, and the waveforms are provided, which verify the 

functionality of the proposed topology.  

1 Introduction 

Full-bridge voltage-source inverter (VSI) is the most widely 

used topology for dc-ac power conversion [1], [2]. In a variety 

of industrial applications, it is necessary to simultaneously 

supply energy to two alternating current (ac) distributed loads. 

A typical approach is to use separate VSI for each load, as 

shown in Fig. 1. However, this strategy raises the overall 

system's cost, volume, complexity, and failure probability due 

to many active switches and accompanied circuitries such as 

gate drivers, gate drivers supply, and pulse width modulation 

(PWM) outputs in microcontroller [3]. As a result, reduced 

switch-count topologies have gained increasing popularity, 

and two different topologies shown in Figs. 2 and 3 are 

proposed in [4] and [5], respectively. It should be noted that 

the dual-output inverters can also be utilized as ac-ac power 

converters [6]-[9] and a single-phase power decoupling [10], 

[11]. In Fig. 2, the middle switches 𝑆2 and 𝑆5 while in Fig. 3, 

the switching leg, which is composed of 𝑆3 and 𝑆4 are shared 

for both ac loads. The main limitation of these converters is 

that they have limited voltage gain, which also depends on the 

phase angle and can perform only buck functions. Various 

dual-output current-source inverters with inherent boost 

function capabilities are proposed in [12]-[15]. However, these 

structures have many semiconductor devices and cannot 

perform buck function. Similarly, dc-dc converters [16]-[20] 

can be used in the front stage of topologies shown in Figs. 1 

and 2 to achieve buck-boost operation, but it will

 

increase the complexity and also affect the efficiency due to 

two high-frequency switching stages.  

This article proposes a new dual-output inverter which can 

perform the buck-boost function. The proposed inverter is 

derived from the conventional single output differential boost 

inverter (DBI) [21], [22]. It hence inherits the excellent feature 

of low leakage current and reduced common-mode voltage 

from the conventional DBI. However, unlike using two 

separate DBIs for dual outputs, as shown in Fig. 4, the 

proposed inverter shares a switching leg, inductor, and 

capacitor for two outputs, resulting in a new reduced-switch-

count topology.  
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Fig. 1 Single-phase dual-output inverter. 
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Fig. 2 Single-phase dual-output inverter. 
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Fig. 3 Conventional dual-output B6 inverter. 
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2 Proposed B6 Dual-Output Inverter 

The structure of the proposed inverter is shown in Fig. 5. It is 

composed of three boost converters and has only six switches 
(𝑆1 − 𝑆6), three inductors (𝐿1 − 𝐿3) and three output filter 

capacitors (𝐶1 − 𝐶3). The filter capacitors also act as snubbers 

and can suppress the voltage spikes across the switches. Load 

1 is connected differentially across the capacitors 𝐶1 and 𝐶2 

while load 2 is connected differentially across the capacitors 

𝐶2 and 𝐶3. The inductor 𝐿2, capacitor 𝐶2, and the switches (𝑆3, 

𝑆4) are shared for both ac loads. The proposed inverter can 

perform the buck-boost function in a single stage and, at the 

same time, can supply two ac loads independently. The 

independent operation means that the two ac loads can 

simultaneously operate at different amplitudes and 

frequencies.  

3 Key Waveforms and Modulation Strategy 

The basic waveforms of the proposed inverter are shown in 

Fig. 6. 𝑣𝐶1, 𝑣𝐶2, and 𝑣𝐶3 represent voltages across the 

capacitors 𝐶1, 𝐶2 and 𝐶3 while 𝑣𝑜1 and 𝑣𝑜2 represent the output 

voltages of load 1 and load 2. By proper modulating each boost 

converter of the proposed inverter, the waveforms like Fig. 6 

can be obtained, which in terms can be represented by the 

following equations 

𝑣𝐶1 = 𝑉𝑜𝑓𝑓𝑠𝑒𝑡 + 𝑉𝑜1 sin(2𝜋𝑓1𝑡 + 𝜑1) =
𝑉𝑖𝑛

1 − 𝑑1
        (1) 

 

 

𝑣𝐶2 = 𝑉𝑜𝑓𝑓𝑠𝑒𝑡 =
𝑉𝑖𝑛

1 − 𝑑2
                               (2)  

𝑣𝐶3 = 𝑉𝑜𝑓𝑓𝑠𝑒𝑡 + 𝑉𝑜2 sin(2𝜋𝑓2𝑡 + 𝜑2) =
𝑉𝑖𝑛

1 − 𝑑3
        (3) 

Where 𝑉𝑜1, 𝑓1, and 𝜑1 are the peak value of ac output voltage, 

output frequency, and phase angle of load 1, respectively. 

Similarly, 𝑉𝑜2, 𝑓2, and 𝜑2 are the peak value of output voltage, 

output frequency, and phase angle of the load 2. 𝑑1 is the duty 

ratio of switch 𝑆1, 𝑑2 is the duty ratio of switch 𝑆3, while 𝑑3 is 

the duty ratio of switch 𝑆5. The remaining switches 𝑆2, 𝑆4, and 

𝑆6 are complementary to switches 𝑆1, 𝑆3, and 𝑆5 respectively 

and hence their corresponding duty ratios are equal to 1 − 𝑑1, 

1 − 𝑑2, and 1 − 𝑑3. 𝑉𝑜𝑓𝑓𝑠𝑒𝑡  is the offset voltage and is given 

by 
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Fig. 4 Configuration of conventional dual-output DBI.  
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Fig. 5 Proposed six-switch dual-output buck-boost inverter.  
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Fig. 6 Key waveforms of the proposed inverter.  
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Fig. 7 Block diagram for gate signals generation.  
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𝑉𝑜𝑓𝑓𝑠𝑒𝑡 = 𝑉𝑖𝑛 +max(𝑉𝑜1, 𝑉𝑜2)                       (4) 

In (4), max(𝑉𝑜1, 𝑉𝑜2) is the maximum value between the two 

ac amplitudes and is equal to 𝑉𝑜1 if 𝑉𝑜1 > 𝑉𝑜2 and equals to 

𝑉𝑜2 if 𝑉𝑜2 > 𝑉𝑜1. From (1)-(3), the two output voltages can be 

calculated as follows 

𝑣𝑜1 = 𝑣𝐶1 − 𝑣𝐶2 = 𝑉𝑜1 sin(2𝜋𝑓1𝑡 + 𝜑1)            (5) 

𝑣𝑜2 = 𝑣𝐶2 − 𝑣𝐶3 = −𝑉𝑜2 sin(2𝜋𝑓2𝑡 + 𝜑2)          (6) 

The negative sign in (6) simply represents the polarity or phase 

reversal. Using (4) in (1)-(3), we get the following equations 

for the duty ratios  

{
  
 

  
 1 − 𝑑1 =

𝑉𝑖𝑛
𝑉𝑖𝑛 +max(𝑉𝑜1, 𝑉𝑜2) + 𝑉𝑜1 sin(2𝜋𝑓1𝑡 + 𝜑1)

1 − 𝑑2 =
𝑉𝑖𝑛

𝑉𝑖𝑛 +max(𝑉𝑜1, 𝑉𝑜2)
                                           

1 − 𝑑3 =
𝑉𝑖𝑛

𝑉𝑖𝑛 +max(𝑉𝑜1, 𝑉𝑜2) + 𝑉𝑜2 sin(2𝜋𝑓2𝑡 + 𝜑2)

   (7) 

Consider the voltage gains of load 1 and load 2 are represented 

by 𝐺1 and 𝐺2 such that 𝐺1 = 𝑉𝑜1 𝑉𝑖𝑛⁄  and 𝐺2 = 𝑉𝑜2 𝑉𝑖𝑛⁄ . The 

duty ratios in (7) can thus be represented in terms of voltage 

gains as follow 

{
  
 

  
 1 − 𝑑1 =

1

1 + max(𝐺1, 𝐺2) + 𝐺1 sin(2𝜋𝑓1𝑡 + 𝜑1)

1 − 𝑑2 =
1

1 + max(𝐺1, 𝐺2)
                                           

1 − 𝑑3 =
1

1 + max(𝐺1, 𝐺2) + 𝐺2 sin(2𝜋𝑓2𝑡 + 𝜑2)

    (8) 

The general block diagram for gate signals generation which 

is obtained from (8), is shown in Fig. 7. It can be observed that 

the complementary gate signals for switches 𝑆1 and 𝑆2 are 

obtained from comparing '1' divided by the summation of 

'𝑣𝑟𝑒𝑓1 = 𝐺1 sin(2𝜋𝑓1𝑡 + 𝜑1)' and '1 + 𝑚𝑎𝑥(𝐺1, 𝐺2)' with a 

triangular carrier '𝑣𝑡𝑟𝑖 '. Similarly, the gate signals for 𝑆3 and 

𝑆4 are obtained from comparing the quotient of '1' and '1 +
max(𝐺1, 𝐺2)' with '𝑣𝑡𝑟𝑖 ' while the gate signals for 𝑆5 and 𝑆6 are 

obtained from comparing '1' divided by the summation of 

'𝑣𝑟𝑒𝑓2 = 𝐺2 sin(2𝜋𝑓2𝑡 + 𝜑2)' and '1 + max(𝐺1, 𝐺2)' with 

'𝑣𝑡𝑟𝑖 '.  

4 Simulation Results 

In order to verify the theoretical analysis and performance of 

the proposed B6 inverter, simulations are carried out in PSIM 

software with the electrical specifications given in Table I. 

Figs. 8 and 9 show the waveforms in different frequencies and 

buck mode operation. The input voltage 𝑉𝑖𝑛 is kept at 200 𝑉 

while the output voltages 𝑣𝑜1 and 𝑣𝑜2 are obtained to have 

equal amplitudes but different frequencies which are equal to 

50 𝐻𝑧 and 100 𝐻𝑧, respectively. Figs. 8(a) and (b) show the 

input voltage and output voltages, while Figs. 8(c) and (d) 

show the voltages across the capacitors (𝑣𝐶1, 𝑣𝐶2, 𝑣𝐶3). It can 

be observed that the voltage 𝑣𝐶2 is a constant dc voltage while 

voltages 𝑣𝐶1 and 𝑣𝐶3 are sinusoidal voltages with dc-offset 

equal to 𝑣𝐶2. The output voltage 𝑣𝑜1 is equal to the difference 

of the voltages 𝑣𝐶1 − 𝑣𝐶2 and the output voltage 𝑣𝑜2 equals the 

difference of the voltages 𝑣𝐶2 − 𝑣𝐶3.  

 

The drain-to-source voltages across the switches (𝑣𝑑𝑠1 −
𝑣𝑑𝑠6) are shown in Fig. 9. The voltage stresses of switches 𝑆1, 

𝑆2, 𝑆5, and 𝑆6 are equal to the sum of input voltage 𝑉𝑖𝑛 and two 

times the peak output voltage 𝑉𝑜 while the voltage stresses of 

the switches 𝑆3 and 𝑆4 are equal to the sum of input voltage 

𝑉𝑖𝑛 and peak output voltage 𝑉𝑜. 

Table 1 Electrical specifications 

Input voltage 𝑉𝑖𝑛 120 − 200 𝑉𝑑𝑐  

Output voltages (𝑣𝑜1, 𝑣𝑜2) 110 𝑉𝑟𝑚𝑠 
Load resistors (𝑅1, 𝑅2) 50 Ω 

Switching frequency 50 𝑘𝐻𝑧 

Inductors (𝐿1, 𝐿3) 400 𝜇𝐻 

Capacitors (𝐶1, 𝐶3)) 10 𝜇𝐹 

Inductor 𝐿2 100 𝜇𝐻 

Capacitor 𝐶2 50 𝜇𝐹 
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Fig. 8 Simulation results in DF, equal amplitude and buck mode operation (a) 

Input voltage 𝑉𝑖𝑛 and output voltage 𝑣𝑜1 (b) 𝑉𝑖𝑛 and 𝑣𝑜2 (c) Voltages across 

the capacitors 𝑣𝐶1 and 𝑣𝐶2 (d) 𝑣𝐶2 and 𝑣𝐶3. 
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Similarly, simulations are also performed in different 

frequencies and boost operations, and the results are shown in 

Fig. 10. Figs. 10(a) and (b) show the waveforms of input and 

 

output voltages, while Fig. 10(c) shows the waveforms of 

voltages across the capacitors. Finally, Figs. 11 and 12 show 

the waveforms in different amplitude and equal frequency 

modes of operation. Fig. 11 shows the waveforms of input and 

output voltages, whereas Fig. 12 shows the waveforms of 

capacitors voltages. It can be observed that the output voltage 

𝑣𝑜1 is greater while the output voltage 𝑣𝑜2 is smaller than the 
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Fig. 9 Drain-to-source voltages of the switches 𝑆1 − 𝑆6 (a) 𝑣𝑑𝑠1 and 𝑣𝑑𝑠2 (b) 

𝑣𝑑𝑠3 and 𝑣𝑑𝑠4 (c) 𝑣𝑑𝑠5 and 𝑣𝑑𝑠6. 
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Fig. 10 Simulation waveforms in DF and boost operation (a) 𝑉𝑖𝑛 and 𝑣𝑜1 (b) 

𝑉𝑖𝑛 and 𝑣𝑜2 (c) Voltages across the capacitors 𝑣𝐶1, 𝑣𝐶2, and 𝑣𝐶3. 
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Fig. 11 Simulation waveforms of input and output voltages having equal 

frequency but different amplitudes. 
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input voltage simultaneously. These results prove that the 

proposed six-switch inverter can supply two output loads 

independently.  

5 Conclusion 

This article presented a novel single-phase buck-boost type 

dual-output inverter. The proposed inverter shares switches, 

inductor, and capacitor for two outputs and has, therefore a 

smaller number of passive components and switches as 

compared to conventional dual-output buck-boost inverter. A 

detailed switching scheme is proposed, which is also verified 

through PSIM simulations. The experimental closed-loop 

control and extension of the proposed concept to other 

topologies are the subjects of future research.  
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