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Abstract- A high gain boost converter fed single-phase voltage source inverter with its control for DC to AC power conversion 

in uninterrupted power supply and renewable energy applications is presented in this paper. The conventional DC-DC boost 

converter with a coupled inductor and switched capacitor is utilized to obtain high gain. Further, the output voltage of the inverter 

is controlled by sinusoidal pulse width modulation technique. The detailed design and analysis of high gain boost converter fed 

single-phase voltage source inverter is also presented.  The sine pulse width modulation control scheme for the voltage source 

inverter is developed and presented. In order to validate the high gain boost converter fed single-phase voltage source inverter, 

the simulation model is developed in LTspice software environment and results are validated. The results show high gain boost 

converter achieves a gain of about 10 and the single-phase voltage source inverter is able to provide a rms voltage of 228 V 

without using the step-up transformer. The total harmonic distortion of output current is found to be reduced below 4%. Further, 

the results obtained are found to be in close agreement with theoretical values. 

Keywords- Boost converter, coupled inductor, switched capacitor, voltage source inverter, sine pulse width modulation. 

 

1. Introduction 

Energy is an essential factor for the functioning and 

economic development of the industrialized world. It plays a 

key role in our day-to-day life and on the other hand energy 

management has become critical factor for our successive 

economic prosperity. The energy consumption process 

frequently needs either DC-AC conversion or AC-DC 

conversion. The DC-AC conversion finds its major 

application in uninterrupted power supply (UPS) and 

renewable energy (RE). In order to supply during power 

outages, most UPS systems use batteries, usually lead acid, as 

storage mechanism. The battery is supposed to provide the 

backup in the absence of the grid supply. However, the voltage 

provided by the battery alone may not be enough to provide 

the backup. At first, the battery output power which is DC 

needs to be converted to AC with the help of an inverter. 

Apparently, the output of inverter needs to be step up with the 

help of step-up transformer to achieve an output of 220V 50Hz 

[1]. An alternative approach to the same process is by using a 

power electronic converter called DC-DC boost converter. 

The boost converters are used in many applications, including 

photovoltaic systems, UPS, and fuel cell (FC) systems [2]. The 

standard DC-DC boost converter cannot provide a high gain. 

As it has been studied in the literature, when the voltage gain 

is high the efficiency of boost converter reduces. Reason being 

the losses in the intrinsic resistors of the converter increase 

when the duty cycle increases, which compromises the 

performance of the converter [3]-[4]. To overcome this 

limitation, high gain converter can be used to achieve higher 

gain [5]-[6]. AC output can be achieved with the help of 

inverter. Also, DC-AC conversion finds its application in RE 

systems. In such applications like solar photo voltaic (PV) 

systems, the DC output power from PV needs to be converted 

to AC power [7]. Many countries around the world are now 

looking at the installation of PV power plants and the number 

of power plants increased considerably, which resulted in an 

increased proportion of alternative energy sources for the 

generation of electricity [8]. One of the important tasks in PV 

generation is the DC-AC conversion method. But before AC 
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conversion, there is a need of stepping up of PV output DC 

power. With an abundance of solar power, at disposal and 

major modification in the area of power electronic conversion 

devices, DC grid can be used for a household in a distant or 

rural area to power, utilizing Solar PV [9]. Fig. 1 (a) and Fig. 

1 (b) illustrates the DC-AC conversion adopted in [1] and [7] 

respectively.  

 
a b 

Figure. 1 Block diagram of DC-AC conversion system 

 

Figure. 2 Block diagram of DC-AC conversion based on 

HGB converter fed single phase VSI. 

The boosting of battery voltage can be achieved with the 

help of standard boost converter as shown in Fig. 1(b), or by 

using a battery capable of supplying higher voltage and a step-

up transformer as shown in Fig. 1(a). High power batteries and 

step-up transformers can be eliminated if a high gain boost 

(HGB) converter is used instead of a standard boost converter. 

Few authors have proposed, different types of non-standard 

boost converter configurations such as coupled inductor [10] 

and quadratic boost switched capacitor (SC) [11] are proposed 

for achieving high gain. However, when those configurations 

are used there is a compromise between gain and switching 

loss. Further several authors proposed boost converter fed DC-

AC conversion system [13]-[21]. The HGB converter fed DC-

AC conversion system is presented in this paper which 

eliminates the step-up transformer. The circuit configuration 

of proposed work is depicted in Fig. 2.  

The paper is organized as follows; Section 2 describes the 

circuit configuration and operation followed by the 

introduction in Section 1. Simulation and result analysis are 

presented in the Section 3. Finally, in Section 4 the paper is 

concluded. 

2. Circuit Configuration and Operation 

The proposed DC-AC converter configuration is shown in 

the Fig. 3. The HGB converter configuration consists of a 

combination of two voltage gain techniques namely, coupled 

inductor (CI) and switched capacitor (SC). The voltage source 

inverter (VSI) converts the boosted DC voltage to AC voltage. 

The sinusoidal pulse width modulation (SPWM) technique 

can be used to control the switches S1, S2, S3 and S4 of the 

inverter. 

 

Figure. 3 Circuit diagrams of proposed DC-AC conversion 

system 

The design and analysis of the proposed work is divided 

into two major parts such as HGB converter and voltage 

source inverter. The equivalent representation of CI model and 

SC model are depicted in Fig.4 (a) and Fig. 4(b) respectively. 

From Fig. 4 (a) it can be understood that the secondary voltage 

equal to turns ratio (N) times the primary voltage and from 

Fig. 4 (b) the output voltage of switched capacitor is two times 

the input voltage. 

 

𝑉𝑁2 = 𝑉𝑁1
𝑁2

𝑁1
 𝑉𝑜 = 2 ∗ 𝑉𝑁1 

a b 

Figure. 4 Voltage gain techniques. (a) coupled inductor. (b) 

switched capacitor 

2.1. Analysis of High Gain DC-DC Boost Converter 

Figure. 5 shows the circuit configuration of a HGB 

converter based on the voltage gain techniques such as CI and 

SC. The configuration of a HGB converter offers a gain 

approximately 10-12 times as compared to conventional boost 

converter [5]. The converter is designed to operate in 

continuous conduction mode (CCM); therefore, it has two 

modes of operations which are explained as follows. 

 
Figure. 5 Circuit Diagram of HGB Converter 
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Mode-1: (0 ≤ t < DT) [see Fig. 6 (a)]:  

During mode-1 time interval (0 ≤ t < DT), the switch (S1) 

conducts, while diodes D1 and D2 are reverse biased. The 

equivalent circuit of HGB converter in mode-1 is depicted in 

Fig. 6 (a). During this interval, the voltage across the 

magnetizing inductance (Lm) is equal to the DC input voltage, 

therefore, the current through magnetizing inductance (iLm) 

increases linearly. As the diodes D1 and D2 are in off state, the 

power to the load is supplied by the capacitors C1 and C2. Fig. 

6 (a) shows the path of current flowing in the circuit. The 

voltage across magnetizing inductance (Lm) can be found by 

applying kirchhoff’s voltage law (KVL), as follows: 

𝑉𝐿𝑚 = 𝑉𝑖𝑛    (1) 

𝐿𝑚
𝑑𝑖𝐿𝑚

𝑑𝑡
= 𝑉𝑖𝑛 ⇒ ∆𝑖𝐿𝑚 =

𝑉𝑖𝑛

𝐿𝑚
𝐷𝑇 (2) 

From Fig. 6(a) it can be seen that the current flowing through 

the capacitor C2 is equal to the current through the secondary 

winding (iN2) of the CI i.e., iN2 is equal to iC2. The transformer 

turns ratio can be defined in terms of CI currents as follows. 

𝑁 =
𝑖𝑁1

𝑖𝑁2
   (3) 

 

Figure. 6 (a) Equivalent circuit of HGB converter when 

switch S1 is closed 

By applying kirchhoff’s current law (KCL), 

  𝑖𝑁2 = 𝑖𝐶2 =
−𝑖𝐿𝑚

(1+𝑁)
   (4) 

Applying KCL at node between diode (D0), output capacitor 

(C0) and load (R0), the following expressions are obtained, 

𝑖𝐶1 + 𝑖𝐶0 =
𝑉0

𝑅
    (5) 

𝑖𝐶1 = 𝑖𝐶2    (6) 

Mode-2: (DT < t ≤ T) [see Fig. 6 (b)]: 

During mode-2 in the interval (DT < t ≤ T), the switch (S1) is 

turned-off, while diodes D1 and D2 are forward biased.  The 

equivalent circuit of HGB converter during the switch is open 

is depicted in Fig. 6 (b). During this instant of time, the voltage 

across the magnetizing inductance Lm is determined by the DC 

input voltage (Vin) and voltages across the secondary winding 

(VN2) and the capacitor voltage (VC1) which results in the 

decaying of iLm. The diode (D0) is reverse biased during this 

interval and the power to load is supplied by the charge stored 

in the C0. The current directions are represented in Fig. 6 (b). 

By applying KVL, the voltage across Lm can be expressed as 

follows. 

𝑉𝐿𝑚 = 𝑉𝑖𝑛 − 𝑉𝑁1(𝑁) − 𝑉𝐶1   (7) 

From the Fig. 6 (b), it can be found that, VLm = VN1, by 

simplifying eq. (7) the voltage across Lm can be obtained as 

follows; 

𝑉𝐿𝑚 =
𝑉𝑖𝑛−𝑉𝐶1

(1+𝑁)
⇒ ∆𝑖𝐿𝑚(𝑜𝑝𝑒𝑛) =

𝑉𝑖𝑛−𝑉𝐶1

(1+𝑁)𝐿𝑚
(1 − 𝐷)𝑇 (8) 

The current flowing through the winding N2 is the input 

current (iin) and the switched capacitors C1 and C2 shares the 

current iin equally and equal to iin /2. Now, the current through 

winding N1 will be N times the input current iin. 

By applying KCL,  

𝑖𝐿𝑚 = 𝑖𝑖𝑛 + 𝑁𝑖𝑖𝑛   (9) 

By rearranging the eq. (9) 

𝑖𝑖𝑛 =
𝑖𝐿𝑚

(𝑁+1)
   (10) 

The current through the switched capacitors is expressed as 

follows 

  𝑖𝐶1 = 𝑖𝐶2 =
𝑖𝐿𝑚

2(𝑁+1)
  (11) 

Since the average voltage across Lm is zero over a switching 

period (T), by using eq. (1) and eq. (7) 

𝑉𝑖𝑛−𝑉𝐶1

(1+𝑁)
(1 − 𝐷)𝑇 + 𝑉𝑖𝑛𝐷𝑇 = 0  (12) 

By simplifying the eq. (12) the voltage across capacitor C1 can 

be obtained as 

𝑉𝐶1 =
(1+𝑁𝐷)𝑉𝑖𝑛

(1−𝐷)
   (13) 

 
Figure. 6 (b) Equivalent circuit when switch S1 is open 
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sum of VC1 and VN2 and, voltage at point b is VC2. Now, output 

voltage is given by, 

𝑉0 = 𝑉𝑎 + 𝑉𝑏   (14) 

By simplifying eq. (14) the output voltage can be obtained as 

follows 

V0 = Vin [
2+𝑁𝐷+𝑁

1−𝐷
]  (15) 

The gain of HGB converter is given by the expression below, 

𝑉0

𝑉𝑖𝑛
= [

2+𝑁𝐷+𝑁

1−𝐷
]   (16) 

The switched capacitors C1, C2 and output capacitor C0 can be 

found from the equations below: 

𝐶1 = 𝐶2 =
𝑖𝐿𝑚(1−𝐷)

2(𝑁+1)𝑓∆𝑉𝑐
  (17) 

𝐶0 =
𝐼0(1−𝐷)

𝑓∆𝑉0
   (18) 

2.2.  Design considerations of high gain boost converter 

A 36 V DC input voltage is taken into consideration to validate 

the HGB converter. The voltage and current through the 

output terminals of HGB converter is 360 V and 3.6 A, 

respectively. The HGB converter is operated at a switching 

frequency of 50 kHz. By considering the inductor ripple 

current as 20%, the value of Lm can be calculated from the 

following expression, 

𝐿𝑚 =
𝐷𝑉𝑖𝑛

𝑓𝑠∆𝐼𝐿𝑚
= 265.214𝜇𝐻 (19) 

Inductor with N1 turns will produce a total flux ∅𝑡. Note that, 

flux ∅𝑡 is a combination of magnetizing flux ∅𝑚 and leakage 

flux ∅𝑙𝑘. Leakage flux is very less compared to the 

magnetizing flux. The expression for self-inductance of a coil 

is given by, 

𝐿1 =
𝑁1∅𝑡

𝑖1
=

𝑁1∅𝑚

𝑖1
+

𝑁1∅𝑙𝑘

𝑖1
   (20) 

𝐿1 = 𝐿𝑚 + 𝐿𝑙𝑘 ⇒ 𝐿1 ≅ 𝐿𝑚 = 265.214 𝜇𝐻  (21) 

The secondary inductance can be obtained by using the 

following relation, 

(
𝑁2

𝑁1
)

2

=
𝐿2

𝐿1
⇒ 𝐿2 = 2.386 𝑚𝐻  (22) 

Assuming 100% coupling coefficient (k=1), the mutual 

inductance can be obtained by using the following expression, 

M = √𝐿1𝐿2 = 795.4 𝜇𝐻   (23) 

By using eqn. (13), the voltage across switched capacitors C1 

and C2 is obtained as follows, 

𝑉𝐶1 = 𝑉𝐶2 =
(1+𝑁𝐷)𝑉𝑖𝑛

(1−𝐷)
= 125.755 𝑉 (24) 

The values of switched capacitors C1 and C2 and output 

capacitor Co is obtained as follows, 

𝐶1 = 𝐶2 =
(1−𝐷)iLm

(2𝑁+2)(𝑓𝑠)∆𝑉𝑐
= 1.2𝜇𝐹   (25) 

C0 =
(1−𝐷)𝑖0

𝑓𝑠∆𝑉0
= 613 𝜇𝐹   (26) 

2.3. Analysis of single-phase voltage source inverter 

The circuit diagram of a single-phase VSI is depicted in Fig. 

7. A single-phase VSI converts DC to AC. The output of 

inverter is more like a square wave output except that it has 

one more level i.e., before switching positive or negative the 

output goes to zero volts. A pure or true sine wave inverter 

converts the DC into near perfect AC output [12]. Fig. 3 shows 

that the DC input to the inverter is fed from the output of the 

HGB converter. The AC output is obtained by turning ON and 

OFF the switches in the right sequence. Pulse width 

modulation (PWM) strategy is used to control the 

semiconductor devices [13]. 

 

Figure. 7 Single phase voltage source inverter 
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Figure. 8 Ideal waveforms of bipolar modulation scheme 

[14] 

 
Figure. 9 Ideal waveforms of unipolar modulation scheme 

[14] 

The switching sequence is such that, two switches, each from 

either leg operates for T/2 interval. The diodes will be 

operating, as the circuit is intended to be connected with RL 

load. Each combination of switches will be operating for T/2 

interval. The fig. 8, shows the output of the inverter is not 

sinusoidal but a square wave. The total harmonic distortion 

(THD) of a square wave is about 48% [16] which is very high 

resulting in lower power factor [15]. As low power factor is 

undesirable, square wave must be avoided. In order to reduce 

the harmonics, pulse width modulation (PWM) technique is 

used. The PWM is obtained by the varying the duty cycle of a 

periodic signal. For industrial and household applications, 

sinusoidal waveforms are best suited because they are having 

low levels of distortions and lower order harmonics [16]. 

Thus, in the proposed work SPWM is adopted. Bipolar and 

unipolar SPWM are the two types of sinusoidal PWM 

techniques. In bipolar SPWM, control signal is a sinusoidal 

wave and carrier signal is a triangular wave. By comparing the 

control signal with the carrier signal the output pulses are 

generated. The waveforms of bipolar SPWM scheme are 

shown in the Fig. 8. In a circuit, the operation of switches is 

different if unipolar modulation is provided as shown in Fig. 

9. The switches are operated complementary based on the 

triangular wave. Furthermore, the sinusoidal control voltages 

in both the legs are opposite to each other. A three-level 

voltage output is produced by unipolar SPWM which is either 

0 or ±Vdc. For unipolar modulation two control signals and 

one reference signal are required. The two control signals are 

sinusoidal signals with 1800 phase delay. The carrier wave is 

triangular signal. if control-1 >= carrier, S1 is ON else S4 is 

ON. If control-2 >= carrier; S3 is ON else S2 is ON. It shows 

that, no two switches of the same leg are operated at the same 

instant of time. Thus, the two switches of the same leg will not 

conduct simultaneously. Fig. 9 shows the waveforms for 

unipolar SPWM. In case unipolar modulation is implemented 

in a circuit, the connection function is different in both 

branches. Given that the switches must be complementary in 

performance, both branches of the bridge are related by the 

triangular voltage. Furthermore, the sinusoidal control voltage 

is opposite in sign in both legs. The output of unipolar SPWM 

has three levels +Vdc, 0, -Vdc.  The output of unipolar SPWM 

is more accurate than bipolar modulation [17]. 

3. Simulation Results and Analysis 

To validate the SPWM control scheme with DC-AC 

conversion system, a detailed analysis and simulation of the 

circuit in Fig. 2 are performed by using LTspice simulation 

environment. Table.1 illustrates the specifications and design 

parameters used for simulation analysis of proposed system. 

TABLE.1 Specifications used in simulation of proposed DC-

AC conversion system 

Design Parameter Rating 

DC Input Voltage (Vin) 36V 

Switching Frequency (fs) 50 kHz 

Duty Ratio (D) 0.384596 

Switched Capacitances (C1 & C2) 1.2 μF 

Output Capacitance (C0) 612 μF 

Inductance (L1) 265.2 µH 

Inductance (L2) 2.386 mH 

Carrier Frequency (fr) 1 kHz 

RL load R= 50 Ω & L= 50 

μH 

Fig. 10 shows the simulation results, input voltage (Vin) and 

output voltage (Vo) of HGB converter. From Fig. 10 the output 

voltage of HGB converter is found as 360 V which satisfies 

the designed value. The HGB converter results in high gain as 

compared with the conventional boost converter. Therefore, 

HGB converter eliminates the use of step-up transformer 

along with single phase voltage source inverter. Whereas the 

conventional boost converter fed voltage source inverter 

requires a step-up transformer in order to obtain the 220 V rms 

output voltage. 

 

 
Figure. 10 Simulation waveforms of input voltage (Vin) 

and output voltage (Vo) of HGB converter 
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The Fig. 11 shows the waveforms of switched capacitors 

voltages (VC1 & VC2) and switched capacitor currents (IC1 & 

IC2) of HGB converter obtained by simulation. It clearly 

indicates the voltage across switched capacitors are equal and 

abide by the designed values. Fig.12 depicts the waveforms of 

magnetizing inductor current (iLm) and magnetizing inductor 

voltage (VLm) obtained by simulation. The magnetizing 

inductor current waveform in Fig. 12 shows the operation of 

HGB converter is  in CCM. 

 

 

 

 

 

 

 
Figure. 11 Simulation 

waveforms VC1, VC2, IC1 and 

IC2 of HGB converter 

Figure. 12 Simulation 

waveforms iLm, VLm, iL1 and 

iL2 of HGB converter. 

Fig. 13 shows the simulation results of unipolar SPWM 

control scheme which is adopted to control the voltage source 

inverter (VSI). It indicates that by using unipolar control 

scheme the switching pulses for the VSI is generated by 

comparing the reference and control signals as discussed in 

section 2.3. From the gating signals it can be observed that the 

switching pulses are complementary, which results in the 

elimination of short circuit of a leg at any point of time. 

Figure.14 shows the simulation results of proposed HGB 

converter for the input of 36V DC, a rms output voltage of 

228V AC is obtained without using a transformer unlike as 

done in [1]. The output current and THD waveform of VSI is 

shown in fig. 15 and total harmonic distortion (THD) of the 

output waveform found to be below 4%, which is less 

compared to the unmodulated square wave output of the 

inverter which was 48% [18]. 

 

 

 
Figure. 13 Simulation results of single phase SPWM 

inverter 

 

 

 
Figure. 14 Simulation results of the DC-AC conversion 

system proposed 

 

 
Figure. 15 Total harmonic distortion of output current. 

 

 

 

 

 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
R. Kotana et al., Vol.12, No.2, June 2022 

665 
 

TABLE II Comparative study of proposed HGB converter 

with other works in the literature 

 Boost 

Converter 
[10] [11] 

HGB 

Converter 

MOSFETS 1 1 1 1 

Diodes 1 2 5 3 

Inductors 1 3 2 3 

Capacitors 1 2 4 3 

Component 

count 
4 8 12 10 

Output 

Ports 
1 1 1 1 

Turns 

Ratio 
- N - N 

Gain 
1

(1 − D)
 

 ND + 1

1 − D
 

2

(1 − D)2 
2 + ND + N

1 − D
 

Table II depicts the comparative analysis of different 

configurations of boost converter. For the required gain of 10, 

the converter based on switched capacitor and coupled 

inductor can achieve the gain at a duty cycle (D) of 0.36 and 

with turns ratio (N) of 3. Whereas coupled inductor 

configuration will have D as 0.7. High duty cycle will result 

in higher switching loss, which affects the efficiency. On the 

other hand, conventional boost converter and switched 

capacitor configuration can never achieve a gain of 10.  

Considering all the above, HGB converter is adapted in the 

work. 

TABLE III Comparative study of proposed DC-AC 

conversion with other work in the literature 

Parameter 
Panneerselvam 

et al. [7] 

Proposed DC-AC 

conversion 

DC-DC boost 

converter 
Yes Yes 

Gain 1/1-D (2+ND+N)/(1-D) 

Converter type Standard boost 

converter 
HGB converter 

Inverter Yes Yes 

Transformer Yes No 
Conversion 

steps 
3 2 

The comparative study of proposed high gain boost converter 

fed single-phase sine pulse width modulated inverter with 

similar topology is depicted in Table III. From comparative 

analysis it clearly indicates that the proposed work eliminates 

the use of transformer by using high gain boost converter 

which results in reduction of the overall size and also the 

conversion stages is reduced from three to two, resulted in 

increases the efficiency 

4. Conclusion 

This work proposes an DC-AC conversion method based on 

HGB converter fed single-phase SPWM inverter. The DC-AC 

converters have wide range of applications. The proposed 

model is best suited when a low voltage DC supply is 

available, and a standard 228V AC output is needed to deliver 

the load. The design, analysis and simulation of HGB 

converter is presented and the simulation results are found in 

agreement with designed values. The proposed HGB 

converter has a gain value of about 10, which is very high as 

compared with conventional boost converter topologies. A 

unipolar SPWM control scheme is developed in LTspice to 

control the single phase VSI. The simulation results of 

complete DC-AC conversion system are in close agreement 

with the design parameters. Further, the total harmonic 

distortion of output current waveform is around 4% which is 

well below the international standards. In addition, the 

complete model consisting of both HGB converter and single 

phase VSI are successfully simulated for an input of 36V DC 

and produced a rms output voltage of 228 V. 
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