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Abstract:  The transformer-less inverter (TLI) is becoming more popular for use in photovoltaic (PV) systems due to its small size 

and excellent efficiency. The traditional PV inverter system's cumbersome and heavy transformer may be eliminated, allowing for 

a smaller TLI. The loss of isolation is the end consequence, as inverters link PV directly to the grid. Leakage current is caused by 

the direct connection, which causes the common mode voltage (CMV) to vary while the inverter is operating. In order to achieve a 

five-level output voltage, this article details a two-stage TLI setup. In order to give an inverter quadratic boost output for multilayer 

output voltage, the front end employs two inductors & two capacitors. Leakage current can be reduced with the use of a common 

ground configuration (CGC). To regulate the inverter, one uses level-shifted pulse width modulation, or LS-PWM. In addition, 

before choosing the power components, we examine the inverter's current and voltage stress for each switch. Both the 

MATLAB/Simulink environment and laboratory experiments are used to verify the TLI. 
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I. INTRODUCTION 

 
Currently, transformer-less inverters are becoming increasingly popular all over the world. Photovoltaic or solar energy is one 

of the greatest alternatives to traditional energy sources, and it is also readily available practically everywhere on Earth. It generates 

electricity with little to no noise, no moving components, and requires little to no fuel or maintenance. A transformer-less inverter 

is a necessary component for harnessing this renewable PV energy that is now accessible at no cost. Compared to the traditional 

PV inverter system, it offers a number of benefits, including a smaller footprint, less expensive, and more efficient operation. A 

transformer makes up the bulk of a typical PV inverter system, accounting for around 60% of its overall size and weight. It separates 

the PV cells from the electrical grid galvanically as well. A transformer-less inverter, on the other hand, bypasses the need for 

galvanic separation and establishes a direct connection between the PV and the grid. Leakage current is more likely to occur in a 

direct connection [10]. The common ground configuration (CGC) allows for the removal of leakage current [2], [4].  There is a 

plethora of material on TLI with CGC [6]-[8]. Additionally, [11]-[14] make advantage of AC and DC decoupling. In order to 

separate the PV side from the grid side during freewheeling time or zero level of operation, TLI arrangements can be used.  

operating the inverter system in such a way as to reduce the common mode voltage oscillation, a leading source of leakage current. 

Nonetheless, an additional power switch to the inverter is incorporated into both AC/DC decoupling systems in order to decrease 

the leakage current. Popular AC decoupling systems include PN-NPC, HRE, HBZVR D, and HERIC, which separate the PV from 

the grid by placing a bidirectional switch on the AC side between the power grid and inverter [13], [14]. In order to isolate the PV 

from the grid side of the inverter system, an additional active power switch is inserted in the PV and inverter front-end in a DC 

decoupling-based arrangement H10, H9, H6, and H5, as stated in [11], [12]. Existing inverters are made larger, lose more power, 

and cost more money when more switches are inserted into them. Additionally, these inverters can only produce a voltage within a 

narrow range of three levels while running in buck mode. Leakage current was not eliminated by all TLI systems with CGC 

characteristics [15], [16]. The buck mode of operation is implemented via the SCs-based topology that is covered in [bk1]. There 

is no change to the output; just the conversion from DC to AC occurs. It is rather easy to get the multilayer output voltage using 

various sources. Achieving multilayer output from a single source is made easier with the SC. Two times the input voltage is the 
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output voltage of the PV inverters described in [6]. A switched capacitor, charged in parallel with the DC source and discharged in 

series with the load and source, allows for these boosts. When each conduction cycle is charged and discharged sufficiently, the 

voltage in the SC is balanced. To balance the voltage on the capacitors, certain SC-based inverters need extra circuitry [17], [18]. 

In the design shown in [9], the output level is dependent on the quantity of switched capacitors. The voltage boosting that may be 

done with SCs is restricted to two or three times more than the input sources. Raising the value of the switched capacitor unit raises 

the output level. To get a greater output level, you need to use more switched capacitors. The voltage-boosting features' reliance on 

SCs makes them vulnerable to surges in charging current. Minimizing the charging current can be achieved by inserting a front-end 

tiny inductor into the conduction channel of the switched capacitor [7], [8]. With the above discussion in mind, a two-stage 

transformer-less inverter is developed for use in photovoltaic applications. To accomplish quadratic voltage gain, a front-end DC-

DC converter is used, and the inverter receives additional input for the development of five-level outputs. By using a common 

ground, the inverter system's leakage current may be effectively eliminated. What the inverter is good for: Quadratic voltage gain 

can be achieved with the use of a front-end converter. 2) An output voltage with five levels is produced by the back-end inverter.  

 

 

 

Thirdly, using self-balanced SCs involves charging and discharging them correctly every cycle. 4) The voltage that blocks the 

power switches is less than or equal to the output of the front-end converter. 5) A CGC is useful for preventing current leakage. 

 

II. CIRCUIT DESCRIPTION 

 
A novel topology for two-stage transformer-less inverters (TLIs) is covered in this section for the PV application. Figure 1 shows 

the five-level output of this transformer-less inverter, which is made up of a DC-DC boost converter at the front end and a switched-

capacitor multilevel inverter. It generates five different voltage levels using eight power MOSFETs (S1, S2, T1, T2, T3, T4, T5, T6), 

two diodes (D1, D2), two inductors (L1, L2), switching capacitors (SC) (C1, C4), and a DC link capacitor (C2, C3). The use of a DC-

DC converter at the inverter system's front end allows for four times the boosting capability by providing the inverter with AC 

output. For the more compact PV source, it is a necessary characteristic. This converter is useful for integrating PV systems with 

lower output voltages into the grid. The PV source charges dual inductor sets (L1 and L2) as well as switching capacitor C1. While 

discharging, the DC link capacitors C2 and C3 receive four times the voltage (4Vpv) from the PV source, the charged inductor (SC 

C1), and a series connection. In addition, the inverter generates the AC output from the DC link voltage input. When the output 

voltage is negative, another SC C is discharged via the load; this one is charged to the same amount as the DC link voltage and 

employed in the inverter component. Switched capacitors can balance themselves, thus there's no need for a complicated circuit to 

balance the voltage.  

 

 

Fig. 1. Two stage TLI configuration 
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III. MODULATION SCHEME 

 
PWM modulation is utilized to operate the DC-DC converter, and an output voltage of 20 kHz is obtained by switching 

the frequency.  

 

 

 

 

Fig. 2. LS-PWM control scheme 

Fig. 3. DC-DC converter operation 

http://www.jetir.org/


© 2024 JETIR April 2024, Volume 11, Issue 4                                                               www.jetir.org(ISSN-2349-5162) 

JETIR2404821 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i173 
 

 

 

 

 

 

On the other hand, the inverter's functioning is accomplished by supplying the appropriate gate pulse. The necessary gate pulse 

for inverter functioning is produced by level-shifted pulse width modulation, or LS PWM. To obtain the necessary gate pulse in 

LS-PWM, four carrier triangle waves with a switching frequency of 10 kHz are compared to a basic sinusoidal wave. Fig. 2 displays 

a switching pulse for every switch. Fig. 2 depicts the necessary switching pulse for this inverter. The necessary switching sequence 

must be followed in order for the inverter to function. For the generation of output level, inverter operation adheres to a particular 

switching sequence.  

 

IV. WORKING OFINVERTER 

 
Two phases are involved in two-stage TLI power transfer. The DC-DC inverter functions for four times gain in the first mode, 

and this output is used for five levels of output by the second inverter. The DC-DC converter has a high switching frequency and 

operates in two states. When switches both S1 and S2 are held in the ON position, the capacitor and inductor are charged. The 

output power for the inverter is then supplied by both the inductor and capacitor discharging. As seen in Fig. 3, both of the 

switches remain in the off position. The output voltage of the DC-DC converter can be written as 

 

where D stands for duty ratio; this duty ratio is maintained at 50% to obtain Voutput = 4VPV. Five modes of operation can also be 

used to explain the five-level inverter. 

In Mode 1, as illustrated in Fig. 4, Vo = 4Vpv, the output voltage level is attained by maintaining the ON states of switches T1 and 

T5. By doing this, the inverter output terminal is directly connected to the DC link voltage. That switched capacitor C4 is connected 

across the voltage of the DC link and charged to the total of the DC link capacitor (C2 and C3) at the same time that switch T4 turns 

ON. The resultant voltage level is attained in Mode 2, Vo = 2Vpv, by Switches T2 and T5 provide the output voltage level in Mode 

2, Vo = 2Vpv. This voltage output level is powered by the DC connection capacitor C3. By maintaining switches T4, T6, in the ON 

state, zero voltage output level is attained in Mode 3, Vo = 0 V. Switches T4 & T6 offer a path for the load's current flow in this 

condition. Concurrently, switch T1 is activated to link the voltage of the DC link capacitors in parallel to the SC C4. Mode 4, Vo = 

-2Vpv, is the output voltage level that can be reached by maintaining the ON states of switches T2 and T6. The output terminal has 

a 2 Vpv output voltage since the DC link's capacitors C3 & SC C4 are linked in series having opposite polarity. At this output voltage 

level, the SC C4 discharges. By switching on switches T3 & T6, the output voltage level in Mode 5, Vo = -4Vpv, is reached. 

 

 

 

Fig. 4. Inverter working operation 
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TABLE I 

COMPONENTS PARAMETER FOR BOOST MODEOFOPERATION 

 

Components Parameter 

Switch  NTHL020N120SC1 

Gate driver  Skyper 32 

Controller  TMS320F28379D 

Switching frequency 10 kHz 

Output power  1kW 

Input voltage  100 V 

Output voltage  328 V 

Output current  6.3 A 

SCs  2200Μf 

L1, L2  10mH 

Filter capacitor  40 Μf 

Filter Inductor  0.02 mH 

 

Only SC C4 keeps the output voltage for the output terminal constant at that voltage level. It is evident from the various modes 

of operation that just two switches are needed to create output voltage for each conduction level. To charge the SC C4, one additional 

switch is required. 

V. COMPONENTS SELECTION AND LOSS CALCULATION 

 
Power components are arranged inverters in a certain way, for example, to produce multilayer output voltage.  

These power components are used to generate the multilayer outputs, therefore choosing the right power components is important 

to achieving high-quality output voltage. The inverter design can be made more cost-effective by making the right choice. 

 

 
 

 

A. Capacitor selection 
 

A switched capacitor in a SC-based TLI maintains the output power. For the output terminal to preserve power quality, a larger 

capacitance value is advised.The formula is used to determine the value of the capacitor. 

 

 

Fig. 5. Experimental Setup 
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where, i =1,2,3,4 ωo is the angular grid frequency. 
 

 

 
 

B. Selection of inductor 

 
The inductor value can be found by using the equation 
 

 

 
where, fs is the switching frequency. 

 

C. Switch loss 

 
The switching losses for power switches are caused by the ON AND OFF state frequency during every operation cycle. Switching 

losses may be greater at higher frequencies than at lower ones. On the other hand, conduction losses rely on the conducting 

components' equivalent resistance. Consequently, the whole switch loss can be written as 

 

 
 

VI. RESULTS DISCUSSION 

 
As shown in Fig. 5, an experiment is conducted in the laboratory and MATLAB/Simulink environment to verify the provided 

two-stage TLI. Tabel I displays the parameters of the parts utilized in the simulation and experiment. As shown in Figs. 6 and 7, 

the experiment uses 400 DC, which is produced from a high gain DC–DC converter, as input to the inverter system to provide a 

five-level voltage output of 325 V. The waveforms for grid voltage and current are also shown in this figure.  

 

 

 

 

 

 

 

Fig. 6. Simulation output 

Fig. 7. Output voltage and current of inverter 
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Because a switched capacitor unit keeps the power output of the inverter constant for the output with a negative voltage level, 

the experiment is run for a 1 kW load system. After analyzing the voltage of these switched capacitors, it was found that VC1, VC2, 

and VC3 could supply the output voltage at a negative level. The voltage waveforms of the switched capacitor and DC link capacitor 

are displayed in Fig. 8(a). Higher current spikes across capacitor units are observed in certain switched capacitor-based multilevel 

inverters. Spikes in high current reduce the SCs unit's life cycle. Similarly, Fig. 8(e)–(f) shows the voltage stress throughout 

switches. 
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VII. COMPARASION WITH EXISTING ARE OF LITERATURE 

 
By contrasting this inverter with the current body of literary works, its benefits become apparent. Table II presents the results of 

a comparison examination between the number of power components & attributes, including TSV, CGC, LC, Gain, power, and 

efficiency. According to this table, architecture [5] utilizes the fewest devices/power devices to achieve multilayer output voltage, 

whereas [1] uses the greatest amount of components. In order to generate output levels that are comparable, the suggested topology 

Fig. 8. Stress across the different power components 
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and [2] employ the exact same component count. The suggested topology makes use of higher power diodes, switches, and 

capacitors. It also uses [2], [3] in inverter operation. The suggested topology has a higher TSV in relation to the input voltage source 

than the topologies [4] and [5], which have TSVs of 6VDC and 12VDC, respectively. The TSV of the inverter system is increased 

through the quadratic voltage enhancing feature. In terms of output voltage, the TSV drops four times. All but [1] of the inverters 

that have been discussed have CGC. 

 

TABLE II  

COMPRESSION PROPOSED TLI WITH EXITING TWO-STAGE FIVE LEVEL TLI 

 

 

[Ref] Cswitch Cdiode Cinductor Ccapacitor TSV CGC LC Gain Power η 

[3] 7 2 3 4 - Yes 0 2 3kW @ 98% 

[4]  8  4  1  2  6VDC  Yes  17.4mA  2  500W @ 97.24% 

[2]  7  5  3  2 - Yes  LC 1  1.5kW @ 97.36% 

[1]  8  4  2  4 - No  70mA 2  3kW @ 97.4% 

[5]  7  3  1  2 12VDC  Yes - 2  1kW @ 96.8% 

[P]  9  2  2  4  16VDC  Yes  0  4 1Kw @ 97.1% 

 

 

 

[1] has a 70mA leakage current. There's also a tiny quantity of LC in [4]. TLI's efficiency ranges from 96% to 98%, while the 

suggested inverter's efficiency is 97.2%. 

 

VIII. CONCLUSION 

 
This research proposes a two-stage TLI that includes a front-end DC-DC converter and SC working together to provide a 

quadratic boosting feature. The quadratic boost is achieved via the front-end converter's high switching frequency operation. By 

employing a low inverter section switching frequency, losses from this converter are minimized. LS-PWM generates the correct 

switching sequence for charging and discharging throughout each operational cycle, enabling SC to have a self-balanced 

characteristic. By contrasting the inverter with the body of current literary art, its benefits can be discovered. A common ground 

arrangement is provided in order to eliminate leakage currents. When designing an inverter, a thorough analysis of the stress caused 

by voltage and current is done. Among the benefits of the inverter which make it a strong contender for a photovoltaic PV application 

are its quadratic boost, straightforward inverter control system, minimal leakage current, and reduced stress across the power 

components. 
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