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Abstract: 

 
This paper introduces a topology for transformer-less pure sine wave grid-tie inverter (GTI) for photovoltaic (PV) 

systems. The planned grid interfacing of PV inverter employs a two-stage switch mode boost converter, a two-stage 

switch mode buck converter, an Half bridge inverter(Converter) and a T shaped  LCL 

Electrical impedance or admittance (immittance) conversion circuit. For switching of grid interfacing of PV inverter 

power circuit, a combination of SPWM and square wave signal under grid synchronization conditions are proposed. 

As the suggested method is completely transformer-less, it unpredictably minimizes the size of the inverter and 

increases inverter efficiency up to 97%. The T shaped-LCL Electrical impedance or admittance (immittance) 

conversion circuit not only reduces the harmonic distortion of inverter output but also provides a nearly constant 

output current thereby stabilizing the system instantaneously. Using the designed values of circuit components, the 

overall performance of the proposed inverter is simulated by using MATLAB software. The simulation results not 

only show that the proposed inverter eliminates immense harmonics but also prove that it is highly proficient, small 

in size and more economical due to being transformer-less. 

Key words—GTI, Dual stage boost-buck converter, T shaped LCL (immittance) conversion circuit.

 

------------------------------------------------------------***--------------------------------------------------------------- 

1. INTRODUCTION 

With the deterioration of the world’s power lack and environmental contamination troubles, protecting the energy 

and the atmosphere becomes the major troubles for each individual. Thus the expansion and submission of clear 

renewable energy, such as solar, wind, fuel cell, tides and geothermal heat etc., are getting more and more 

consideration. Among them, solar power will be leading because of its accessibility and consistency. As predicted 

by [1], the solar will provide the electricity up to 64% of the total energy by the end of this century as shown in 

Figure 1.1. 

 
Figure 1.1 Global energy uses by source in the 21st century  
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A single-phase grid connected transformer less photovoltaic (PV) inverter for residential application is existed. The 

inverter is resulting from a boost in series with buck converter beside with a line frequency unfolding circuit. Due to 

its novel operating modes, high efficiency can be achieved because there is only one switch operating at high 

frequency at a time, and the converter allows the use of power MOSFET and ultra-fast reverse recovery diode. This 

dissertation begins with theoretical analysis and modeling of this boost-buck converter based inverter. And the 

model indicates small boost inductance will leads to increase the resonant pole frequency and decrease the peak of 

Q, which help the system be controlled easier and more stable. Thus, interleaved multiple phase’s structure is 

proposed to have small equivalent inductance, meanwhile the ripple can be decreased, and the inductor size can be 

reduced as well. A two-phase interleaved inverter is then designed accordingly. The double-carrier modulation 

method is proposed based on the inverter’s operation mode. The duty cycle for buck switch is always one if the 

inverter is running in boost mode. And the duty cycle for boost switches are always zero if the inverter is running in 

buck mode. Because of this, the carrier for boost mode is stacked on the top of the carrier for buck mode, as a result, 

there is no need to compare the input and output voltage to decide which mode the inverter should operate in. And 

the inverter operates smoothly between these two modes. Based on similar concept, three advanced modulation 

methods are proposed. One of them can help further improve the efficiency, and one of them can help increase the 

bandwidth and gain, and the last one takes the advantage of both. Based on similar concept, another three dual-mode 

double-carrier based SPWM inverters are proposed. With both step-up and step-down functions, this type of inverter 

can achieve high efficiency in a wide range because only one switch operates at the PWM frequency at a time. 

Finally, the simulation and experiment results are shown to verify the concept and the tested CEC (California 

Energy Commission) efficiency. Photovoltaic (PV) power generation has become one of the main ways to use solar 

energy. And the renewable energy source based distributed generation (DG) system are normally interfaced to the 

grid through power electronic converters or inverters [2] as shown in Figure 1.2. Thus developing a photovoltaic 

grid-connected inverter system is important for the mitigation of energy and environmental issues. 

 
 

Figure 1.2 Renewable energy based distributed generation system 

 

2. PHOTOVOLTAIC 

 
Photovoltaic (PV) is a method of generating electrical power by converting solar radiation into direct current 

electricity using semiconductors that exhibit the photovoltaic effect. The basic PV cell model is presented in Figure 

1.3 

 
Figure 1.3 Basic PV cell model 
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Then the equations (1.1) through (1.3) could be obtained. Where Isc is the photo current; Is is diode reverse 

saturation current; n is diode ideality factor normally between 1 and 5; VT = kˑT/q is temperature voltage which is 

25.7 mV at 25̊ C; k is Boltzmann constant which is 1.38ˑ10-23 J/K; T is temperature in K and q is electron charge 

which is 1.6ˑ10-19 C. Based on its model, Figure 1.4 could be obtained to represent the typical 72-cell PV module’s 

current and power characteristics under different irradiations and different temperatures. 

 

 
 

 
Figure 1.4 Photovoltaic modules’s current and power characteristics under different irradiation and 

temperature conditions. 

 
It can be observed that the PV module’s short circuit current highly depends on the radiation. High radiation leads to 

large short circuit current. And the temperature impacts more on the open circuit voltage. High temperature leads to 

small open circuit voltage. Because of its I-V and P-V characteristics, maximum power point tracking (MPPT) is 

required to extract the maximum energy that the PV module can produce. 

 

3. INVERTERS FOR PHOTOVOLTAIC APPLICATIONS 

 
Because photovoltaic devices generate direct current electricity with its unique IV characteristics, power electronics 

are required to help convert its maximum power for different applications. The typical applications include PV 

power plants, residential PV, building integrated PV (BIPV) and PV lighting. For PV power plants, one or several 

centralized inverter upto1 MW is required to convert the DC power to AC power. For residential PV, a string type 

inverter between 1 kW and 10 kW or many micro-inverters are required to convert the power. The residential PV 

application utilizes either a standalone system or a grid-tied system. Stand-alone system is always used for some 

remote area. In this system, the outputs of power converters or inverters connect to the local load instead of 

connecting to the grid. Batteries are required to store the energy for night consumption [4]. In grid-tied system, the 

outputs of power converters or inverters connect to the grid directly. BIPV means that PV materials are used to 

replace conventional building materials in parts of the building envelope such as the roof, skylight, or facades [5]. In 

this application, a converter is required for each panel for energy conversion [6]. And in lighting application, a 

converter is normally required for each panel to charge a battery for powering lamps at night [7]. Table 1.1 lists 

different types of PV inverters or converters. 
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Table 1.1 Comparisons of different types of PV inverter/converter. 

 
 

Among these, PV power supplied to the utility grid is gaining more and more attention [8]-[13]. As a PV grid-tied 

inverter, it also needs to meet the requirement from the utility side. The standard IEEE 1547 [14] deals with issues 

as power quality, detection of islanding operation, DC current injection etc. Table 1.2 lists the requirements of IEEE 

1547 standard. 

Table 1.2 IEEE 1547 requirements 

 
 

Numerous inverter circuits and control schemes can be used for PV power conditioning system (PCS). For 

residential PV power generation systems, single-phase utility interactive inverters are of particular interest. This type 

of application normally requires a power level lower than 5 kW [16][20] and a high input voltage stack that provides 

a dc voltage around 400 V. However, depending on the characteristics of PV panels, the total output voltage from 

the PV panels varies a lot due to different temperature, irradiation conditions and the shading & clouding effects. 

Thus, the input voltage of a residential PV inverter can vary in a wide range, for example from 200 V to 500 V, 

which appears to be highly mismatched with the desirable 400-V level. Therefore, a dc-dc converter with either 

step-up or step-down function or even both step-up and - down functions is needed before the dc-ac inverter stage. 

Such a dc-dc converter in conjunction with a dc-ac inverter arrangement has been widely used in the state-of-the-art 

PV PCS. 

 

 
Figure 1.5 Conventional two-stage PV. 

 

 

Figure 1.5 shows the block diagram of the PV PCS, which has two-stage high frequency power conversion in 

cascaded configuration with dc link in the middle. In this structure, the dc bus voltage should be boosted from the 

PV array, and the dc-ac stage can be a voltage source type high frequency inverter. Another option is to use line 

commuted inverter along with an isolated dc-dc stage. There are many non isolated single stage boost or buck-boost 
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derived inverter topologies developed. Their major drawbacks are limitation of input voltage range and/or 

requirement of two input sources. With recent change of electric code that allows ungrounded PV panels, it is 

possible to replace the isolated dc-dc with non isolated or transformer less dc-dc. Without transformer, the dc-dc 

stage will be more reliable and cost effective. This dissertation’s focus is to develop a high efficiency transformer 

less inverter with both step-up and step-down functions. 

 

4. Proposed Boost-Buck Converter Based PV Inverter 

 
A boost-buck type dc-dc converter is proposed as the first stage with regulated output inductor current, and a full-

bridge unfolding circuit with 50- or 60-Hz line frequency is applied to the dc-ac stage, which will unfold the 

rectified sinusoid current regulated by the dc-ac stage into a pure sinusoidal current, as shown in Figure 4.1. Since 

the circuit runs either in boost or buck mode, its first stage can be very efficient if the low conduction voltage drop 

power MOSFET and ultra-fast reverse recovery diode are used. For the second stage, because the unfolding circuit 

only operates at the line frequency and switches at zero voltage and current, the switching loss can be omitted. The 

only loss is due to the conduction voltage drop, which can be minimized with the use of low on drop power devices, 

such as thyristor or slow-speed IGBT. In this version, IGBT is used in the unfolding circuit because it can be easily 

turned on and off with gating control. Since only the boost dc-dc converter or buck dc-dc converter operates with 

high frequency switching all the time in the proposed system, the efficiency is improved [51]. And because there is 

only one high frequency power processing stage in this complete PCS, the reliability can be greatly enhanced [52]. 

Other than these, the analysis of middle capacitor and CCM/DCM operation condition is also presented. 

 

 
 

Figure 4.1 Boost-buck based PV inverter. 

 

 

 

 

4.1 Operation Principle 

 

A. Boost Mode 

When the PV panel’s voltage is lower than the instantaneous grid voltage, it will operate in boost mode, in which, 

Sboost will be switched on and off and S buck will be always on, and the buck part of the circuit will act as an output 

filter as shown in Figure 

4.2. 

 
Figure 4.2 Boost mode. 

 

In this mode, the duty cycle of Sboost can be found as 
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B. Buck Mode 

 

When the PV panel’s voltage is higher than the instantaneous grid voltage, it will operate in buck mode, in which, 

Sbuck will be switched on and off and Sboost will be always off, and the boost part of the circuit will act as an input 

filter as shown in Figure 2.15. 

 

 

 
Figure 4.3 Buck mode. 

 

 

In this mode, the duty cycle of Sbuck can be found as 

 
 

Thus, if the PV panel’s voltage is lower than the grid’s peak voltage, the PV inverter will switch between buck mode 

and boost mode depending on the instantaneous grid voltage as shown in Figure 2.16. However, if the PV panel’s 

voltage is higher than the grid’s peak voltage, it will always run at buck mode. Instead of a dc bus in the middle, the 

voltage across the capacitor CL in boost/buck PV inverter varies with the grid, if PV panel’s voltage is lower than 

the grid’s peak voltage as shown in Figure 2.17. However, if PV panel’s voltage is higher than grid’s peak voltage, 

CL’s voltage will be the same as PV panel’s voltage. 
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Figure 4.4 Operation mode. 

 

 
 

Figure 4.5 Capacitor CL’s voltage. 
 

5. SIMULATION RESULTS 

 

 
 

Figure 5.1 Proposed SIMULINK circuit 

 

 
Figure5.6 PV array Voltage 
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Figure5.7 Grid Voltage 

 

 

 
Figure5.8 Operation mode voltages 

 

 

6. CONCLUSION 

 
A high efficiency boost-buck converter based single stage PV inverter is proposed. The first converter part operates 

in either boost or buck mode; thus, it has a wide input voltage range, which is good for PV application. The second 

inverter part is composed with unfolding circuit based on the direction of the grid. Therefore from power processing 

point of view, this inverter is a single stage inverter. Because it processes power either as a buck converter or a boost 

converter, high efficiency can be achieved. 

2) After analyzing its model, it is known that if the input inductor L1 can be reduced, the double-pole position, 

which is considered as the frequency wall of bandwidth, will be pushed to higher frequency. Moreover, the gain will 

increase as well. Also, the Q factor will be reduced accordingly, which benefits the high bandwidth design for the 

boost mode. However, decreasing the output inductor L2 will keep 133 the same double-pole position and have 

higher Q factor, which won’t help controller design. As a result, small L1 and large L2 are preferred from the design 

point of view. Because small L1 is preferred for easier controller design, an interleaved-boost cascaded- with-buck 

(IBCB) converter is proposed to increase the resonant pole frequency by the use of smaller boost inductor value. As 

a result, the control loop bandwidth can be pushed further up to enhance the robustness of the complete system and 

helps the system be controlled easier. 
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