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Abstract— Differential inverters are DC-AC bi-directional 

converters that are capable of stepping up/down and 

inverting the DC voltage in a single-stage. Single-stage 

conversion results in a more compact design, higher power 

density and lower cost compared to two-stage conversion. A 

differential inverter mainly consists of two converters. It can 

be buck, boost or buck-boost, according to the output 

requirements. Controlling of the two converters is done such 

that difference between their output results in an A.C voltage 

of required frequency. Here a differential inverter using buck 

converters is discussed. AC output voltage of required 

frequency with output voltage less than or equal to input 

voltage can be obtained by using this converter. The 

construction and controlling of this converter is very simple, 

which is one of the main advantages of this type of converter. 

Switching pulses to the converters are generated by using a 

control voltage which has frequency same as that of output. 

Two control voltages are needed which will be phase shifted 

by 180 resulting in 180 phase shift between the output of the 

two converters. As the name indicates final output is the 

difference of two converters. Also the magnitude of the 

output voltage below any input voltage value can be obtained 

by varying the magnitude of the control voltage. 
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I. INTRODUCTION 

Power generation from different renewable energy sources 

have greater importance in the current global energy 

scenario. The need of electric power is increasing day by 

day. Major power generation is from fossil fuels and from 

nuclear energy. The availability of such fuels are limited and 

various environmental hazards are associated with these 

traditional power generation methods. Various grid 

connected renewable systems are becoming popular. 

Differential inverters have great applications in this area. 

Simple deign, easy centralized control, high reliability, less 

cost and small size make these converters more popular. 

Differential inverters are DC-AC bi-directional converters 

that are capable of stepping up/down and inverting the DC 

voltage in a single-stage. Single-stage conversion results in a 

more compact design, higher power density and lower cost 

compared to two-stage conversion. These characteristics 

make differential inverters appropriate for many 

applications such as PV, fuel cell, UPS and battery charger 

[3]. There are different types of differential inverters such as 

buck differential inverter, boost differential inverter and 

buck boost differential inverter[1].For applications that need 

to step up the input voltage we use a boost differential 

inverter, for obtaining output voltage less than input voltage 

we use a buck converter and for obtaining both higher and 

lower output voltages than input we use a buck boost 

converter. A buck type differential inverter consists of two 

buck converters, the final output is taken as the difference of 

the two. A boost type differential inverter uses two boost 

converters and a buck boost converter will have both buck 

and boost converter sections. Solar and wind energy are the 

most common and clean renewable energy sources. Their 

power is intermittent and unpredictable. Thus they are not 

highly reliable. Different renewable sources are combinely 

used as a hybrid system in order to obtain almost constant 

power. In order to accommodate different renewable sources 

the concept of Multi Input Converters has been used. A 

differential inverter can be used as a Multi Input Converter 

[2]. Thus differential inverters have wide range of 

applications and advantages. The main drawback of this 

type of converters is that, due to hard switching losses are 

more but this can be overcome by using necessary soft 

switching techniques. 

II. OPERATING PRINCIPLES OF THE DIFFERENTIAL 

CONVERTERS 

A. Differential Converter 

A generic representation of the differential converter is 

given in Fig. 1, where two dc-dc converters share the same 

set of dc terminals on the dc input, but on the ac side, they 

only share the ‘-’ terminal. A load resister is connected 

across the ‘+’ terminal, across which output is taken. Hence 

the output will be the difference of the individual outputs of 

the two converters.  

 
Fig. 1: Differential Inverter Using Converters 

According to the applications we can use buck, 

boost or buck boost converter as the two converters. The 

output that can be obtained will be low, high, either low or 

high respectively 

B. A Differential Inverter using Two Buck Converters 

 
Fig. 2: Differential Inverter using Buck Converters 
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As seen in Fig. 2, a differential buck converter consists of 

two buck converters. A common DC input voltage is given 

to the two converters. Converter one is made of switches T1, 

T2, inductor L1 and capacitor C1. Switching pulses to the 

converter is given in such a way that output is a sinusoidal 

wave form of required voltage and frequency. Converter two 

is made of switches T3, T4, inductor L2 and capacitor C2. 

Switching pulses to the converter is given in such a way that 

output is a sinusoidal wave form of required voltage and 

frequency and 180 out of phase with output of converter 

one. Final output is obtained across the load resister 

connected across points A and B. 

C. Working 

Working of a buck converter is very simple it’s output 

depends upon two parameters input voltage and duty ratio. 

Here duty ratio is continuously varied so that we get the 

sinusoidal output. Switching pulses for converter one is as 

shown in Fig. 3. It is obtained by comparing a high 

frequency triangular wave with a sinusoidal control voltage. 

The magnitude and frequency of sinusoidal control voltage 

is given by the magnitude and frequency of the output 

voltage. Only switching pulses for T1 is shown in figure, 

switching pulses for T2 is complimentary to that of T1 since 

it is a simple buck converter.  

 
Fig. 3: Switching Pulses for Converter One 

Switching pulses for converter two is as shown in 

Fig. 4  Here also same sinusoidal control voltage is used 

only difference is that it is 180º  out of  phase with the first 

control voltage which is used for converter one. Here also 

only switching pulses for T3 is shown, pulses for T4 are 

complementary to that for T3. 

 
Fig. 4: Switching Pulses for Converter Two 

Output of converter one and two are same except 

that there is a 180 phase shift between them. Their output 

varies from 0 to Vm. Final output will be the difference of 

the two and it will vary from -Vm to +Vm as shown in figure 

5. 

 
Fig. 5(a): Output Voltage of Converter One (b)Output 

Voltage of Converter Two (c)Final Output Voltage 

III. SIMULATION STUDIES AND RESULTS 

Simulation and experimental systems have been tested to 

verify the converter working. Simulations are carried out by 

using MATLAB R2014A. Simulations are carried out for an 

input voltage of 100V. The switching frequency is selected 

as 20 kHz. 

 
Fig. 6: SIMULINK Model of Differential Inverter. 

A. Designing of Components 

The main elements included are inductor and capacitor.  The 

designing is carried out for following assumptions are made 

for designing process. 

 Input voltage is constant. 

 Semiconductor devices are ideal. 

 Converter is working at boundary condition. 

1) Design of Inductor  

L =
VO(Vi−VO)

(∆ILfSVi)
= 3.125mH……..(3.1) 

Vi = Input voltage=100V 

Vo= Output voltage=50V 

fs = Switching frequency=20kHz 

∆IL = 40% of output current =0.4A 

2) Design of Capacitor 

C =
∆IL

(8fS∆VO)
= 5µF……………(3.2) 

∆Vo = Output voltage ripple=1% of output voltage 

fs    = Switching frequency=20kHz 

Components Values 

Input voltage 100V 

Switching frequency 20kHz 

Inductor L1 4 mH 

Capacitor C1 5µF 

Inductor L2 4 mH 

Capacitor C2 5µF 

Table 1: Parameters of the SIMULINK Model 

B. Simulation Results 

Different results obtained from SIMULINK model is shown 

below. 

 
Fig. 7(a): Switching Pulses for S1 (b). Switching Pulses for 

S2 
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Fig. 8(a): Switching Pulses for S3 (b): Switching Pulses for 

S4 

Gate pulses for S1 and S2 are generated by 

comparing a sinusoidal voltage with a triangular wave. Gate 

pulses for S3 and S4 are generated by comparing a sinusoidal 

voltage which is 180 out of phase with previous one with a 

triangular wave. 

 
Fig. 9(a): Output of Converter One (b): Output of Converter 

Two 

 
Fig. 10(a): Output voltage (b): Output current 

Final output voltage is the difference of the 

individual voltages at every instant and is shown in 

Fig.10(a). Output current for 100 ohm resistive load is also 

shown in figure 10(b). 

 
Fig. 11: FFT Analysis 

FFT analysis of the final output voltage for 10 

cycles is done and result is shown in Fig. 11. THD is found 

to be less than 10%. 

IV. HARDWARE IMPLEMENTATION 

 
Fig. 12: Low Voltage Prototype Done on a PCB 

Differential Inverter consist of 2 switches. IRF540 is used as 

the power switch. Each consists a 10K resister across gate 

and source for reliable switching. Gate pulse is given 

through a 1K resister. Two fast acting diodes are also used. 

IN5819 is used for this purpose. 

Components Values 

Input voltage 10V 

Switching frequency 10kHz 

Inductor L1 6 mH 

Capacitor C1 10µF 

Inductor L2 6 mH 

Capacitor C2 10µF 

Table 2: Parameters of the Prototype 

V. EXPERIMENTAL RESULTS 

 
(a) 

 
(b) 

Fig. 13(a): pulse for S1 (b) pulse for S2 

 
Fig. 14: Output Voltages of the two converters. 
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Fig. 15: Output Voltage across the load. 

VI. CONCLUSIONS 

In this paper a differential inverter combining two buck 

converters is discussed. Differential inverters can step 

up/down the input voltage and can convert input DC to AC. 

Different types of differential converters and their 

advantages and specialities are discussed at the beginning. 

Then the construction and working of a differential inverter 

using buck converters is discussed in detail. A SIMULINK 

model with necessary simulation outputs are sown after that. 

The working of a low voltage prototype with necessary 

results is then presented to verify the results. The outputs of 

the prototype were found to be satisfactory. Output voltage 

with desired magnitude and frequency was obtained. 
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