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In recent years, photovoltaic systems are widely used due to the worldwide energy shortage. This paper presents a new topology for Trans-Cascade H-Bridge Multilevel Inverter (TCHB-MLI) based on Extended Boost Quasi Z-Source (EBQZS) which can considerably increase the output voltage range, usable in photovoltaic systems (PV). In the proposed system, the amplitude of the output voltage is not limited to the DC voltage level of the primary source. The proposed topology consists of a solitary DC source and an EBQZS. Thus, it is more reliable against short circuit conditions and has a smaller size compared to the typical CHB-MLI in which several DC voltage sources are applied. This topology uses a shoot-through control switching method to adjust the output voltage. The effectiveness of the proposed topology is investigated using simulations in SIMULINK/MATLAB and the obtained results verify its appropriate performance.

Novel Structure for Trans-CHB Multilevel Inverter

Based on Extended Boost Quasi Z-Source for Photovoltaic System

I. INTRODUCTION

Nowadays, due to energy crisis and greenhouse gas emissions, renewable energy sources such as wind, photovoltaic (PV) and fuel cells are more popular in industrial and residential applications. However, PV cells have gained more popularity among people because of their advantages such as less maintenance, no pollution, and zero fuel cost [START_REF] Huang | Z-Source Inverter for Residential Photovoltaic Systems[END_REF]. In PV systems, power electronic converters are the main parts for transferring the PV energy to the grid as well as loads [START_REF] Fayyad | Deadbeat control of Z source inverter with voltage ride-through capability[END_REF]. Fig. 1, shows a simple block diagram of photovoltaic systems.

In PV power generation systems, the variations in the temperature and solar irradiation affects the output voltage range. To overcome on this issue, one way is to increase the size and the rating of the traditional inverters, and another way is to deploy an additional DC/DC converter in the topology. However, not only do these ways increase the cost of the system, but they also reduce the reliability and efficiency of the system [START_REF] Peng | Z-source inverter[END_REF].

The main idea in this study is proposing a new power converter topology to directly connect the output DC voltage of the PV to the load. The voltage-source inverter (VSI) is one of the power electronic converters which can be used for this purpose, but it has some limitations such as restrictions under short-circuit condition and limited output voltage range. These problems were addressed with the advent of the zsource inverter (ZSI) in 2003 [START_REF] Peng | Z-source inverter[END_REF].

Recently, some researchers worked on component sizing, modeling, analysis, controller design, and modulation method of ZSIs, while some others tried to propose new extended zsource topologies. Among them, a Trans-ZSI has the possibility of increasing voltage gain and reduced voltage stress in the voltage fed trans-ZSIs that is one of the species of trans-ZSI [START_REF] Qian | Trans-Z-Source Inverters[END_REF]. recently to improve the traditional ZSIs, new quasi-Z-source inverters, have been developed which feature several improvements and no disadvantages when compared to the traditional ZSIs. The advantages of these topologies include reduced passive component ratings, reduced component count, and improved input profiles [START_REF] Anderson | Four quasi-Z-Source inverters[END_REF][START_REF] Anderson | A Class of Quasi-Z-Source Inverters[END_REF]. Another family of quasi-ZSI called extended boost quasi-ZSI [START_REF] Ch | Extended-Boost Z-Source Inverters[END_REF] is introduced to fill the vacancies in development of ZSI. The most significant advantages of this structure are: 1-increasing the gain and the expandability of the converter in a way that for each added new stage the boost factor can be increased by a constant factor; 2-lower voltage stress across the capacitors compared to the traditional ZSI.

Moreover, cascaded H-bridge (CHB) multilevel inverter is one of the popular converter structures that is used in highpower medium-voltage (MV) applications [START_REF] Hill | Performance of Medium Voltage Multilevel Inverters[END_REF]. This structure requires fewer number of power electronic components compared to other classic topologies. The structure of photovoltaic systems.

Cascaded H-bridge inverter is a profitable structure because of the following advantages: a) A packaged and modular circuit design is possible since each H-Bridge cell has the same structure. b) No need for extra clamping diodes (diode clamped structure) or voltage balancing capacitors (flying capacitors structure) c) To achieve the same number of output voltage levels compared to conventional multilevel inverters, requires a smaller number of components [START_REF] Park | A novel switching strategy for improving modularity and manufacturability of cascaded transformer based multilevel inverters[END_REF].

Despite these advantages, independent DC-link voltage needs to be provided by each H-bridge separately, output voltage amplitude of cascaded H-bridges multilevel inverter is limited to DC voltage source and its output voltage amplitude cannot be boosted.

Therefore, this paper proposes a new topology for TCHB-MLI based on EBQZS that can increase the output voltage of the PV in a wide range which is not limited to the output DC voltage of the PV array. This paper covers the following sections: In section II EBQZS is explained, Section III introduces the proposed topology, section IV presents the simulation results, and finally, the Conclusion placed at the final section.

II. EXTENDED BOOST QUASI Z-SOURCE INVERTER TOPOLOGY

Extended Boost Quasi Z-Source (EBQZS) inverters similar to conventional ZSI can utilize shoot-through (short circuit) states in order to boost the input DC voltage of inverter switches using gating on both upper and lower switches of a phase leg. Occurring of short circuit can destroy traditional inverters but in the family of Z-source inverters with control of shoot-through state it becomes more reliable. In [START_REF] Ch | Extended-Boost Z-Source Inverters[END_REF] there are four topologies for EBQZS inverters. These topologies can be categorized mainly as diode assisted boost and capacitor assisted boost, and can be further divided into continuous current and discontinuous current topologies. All these topologies can be modulated using the modulation methods proposed for the original ZSI. The main advantage of these topologies are their expandability and possibility of increasing voltage in comparison with original ZSI.

In this paper, capacitor-assisted topology is used, because it would produce high boost with smaller shoot-through and cause lower voltage stress on devices [START_REF] Ch | Extended-Boost Z-Source Inverters[END_REF]. Capacitor-assisted extended-boost qZSIs discontinuous-current and continuouscurrent structure are shown in Fig. 2. According to Fig. 3(a), that is one stage of Capacitorassisted extended-boost discontinuous qZSIs, the following relations are obtained.

First, considering the equivalent circuit of non-shootthrough state shown in Fig. 3(b), which is represented with an open switch, and then, by applying KVL, the following steady-state equations can be expressed:
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Considering the equivalent circuit of shoot-through state shown in Fig 3(c), the following equations can be written: It is assumed that average voltage of inductor is zero so the following relationships can be derived:
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where S D is the shoot-through duty ratio. According to the above equations, boost factor for one stage capacitor-assisted extended-boost is as follows:

1 13 s B D   
The following equation is obtained for both structures of capacitor-assisted extended-boost in which the boost factor will increase while the number of stages increases:

    1 12 s B nD   
where n is the number of capacitor assisted stages. Similarly, boost factor relation for both topologies discontinuous-current and continuous-current for diodeassisted topology can be written as:
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PROPOSED TOPOLOGY Fig. 4, shows the proposed CHB multilevel inverter based on EBQZS. In this structure, a transformer is placed at the entrance of each CHB. So, by adjusting the transformers' ratio, input voltage of each CHB can be adjusted as desired.

In Fig. 4, if primary windings of the transformers set to 1 and the secondary windings set according to [START_REF] Gupta | A space vector modulation scheme to reduce common mode voltage for cascaded multilevel inverters[END_REF], the number of output voltage levels is achieved by [START_REF] Josh | The Comparative Analysis of Multi-Carrier Control Techniques for SPWM Controlled Cascaded H-Bridge Multilevel Inverter[END_REF]. where n is the number of H-bridges.

Several modulation techniques have been presented for multilevel inverters such as sinusoidal PWM [START_REF] Park | A novel switching strategy for improving modularity and manufacturability of cascaded transformer based multilevel inverters[END_REF], space vector PWM (SV-PWM) [START_REF] Lakka | Development of an FPGA-Based SPWM Generator for High Switching Frequency DC/AC Inverters[END_REF], selective harmonic elimination (SHE-PWM) [START_REF] Kouro | Multicarrier PWM with DC-link ripple feed forward compensation for multilevel inverters[END_REF], fundamental frequency switching [START_REF] Lopez | Multilevel multiphase space vector PWM algorithm[END_REF] and so on. The harmonics in the output voltage of power electronic converters can be reduced using SPWM switching techniques [START_REF] Gupta | A space vector modulation scheme to reduce common mode voltage for cascaded multilevel inverters[END_REF].The widely used multicarrier PWM methods are known as Phase Shifted (PS), Phase Disposition (PD), Phase Opposition Disposition (POD), Alternative Phase Opposite Disposition (APOD), Hybrid (HD) and Phase Shift (PS) [START_REF] Josh | The Comparative Analysis of Multi-Carrier Control Techniques for SPWM Controlled Cascaded H-Bridge Multilevel Inverter[END_REF]. For this topology, Phase opposition disposition (POD) multicarrier PWM method is utilized.

In this paper not only the modulation index but also shootthrough state is used to control the output voltage [START_REF] Banaei | Switching algorithm for single Z-source boost multilevel inverter with ability of voltage control[END_REF]. Low modulation index increases the THD [START_REF] Dahidah | Single-carrier sinusoidal PWM equivalent selective harmonic elimination for a five-level voltage source converter[END_REF] and for this reason we use the shoot-through state to control the output voltage. The basic idea of control is that to turn zero states into the shoot-through states and keep the active switching states unchanged. In other words, the shoot-through state happens when the zero condition occurs. The output voltage of EBQZS (Vin) is zero during the shoot-through state because all switches are on. However, according to Table I just one of the upper switches and lower switches of the H-bridge conduct during the non-shoot through state.

The shoot-through control method for output voltage is explained in the next section.

IV. SIMULATION RESULTS

Fig. 5 shows the proposed structure to create a 7-level output voltage, and because of that, the transformer ratio is adjusted to 1:2. The parameters of the study system are shown in Table II. In this paper, some or all of the traditional zero states have been changed to shoot-through state. Table III shows the switching states and output voltage of case study.

For this topology, phase opposition disposition (POD) multi-carrier PWM method is utilized. POD technique employs a number of carriers ( 1) m  for a m -level phase waveform where the carriers above the zero reference are in phase but shifted by 180° from those carriers below the zero reference. The carriers are defined with the same frequency () 15) and ( 16), respectively:

( 1) 
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-2Vin

Non-shoot through S2, S4, S7, S8

-3Vin

Non-shoot through S3, S4, S7, S8 As we can see, by increasing the variable D, the boost factor increases, and as a result, the EBQZS network output voltage (Vin) in Fig. 4 and also the load voltage will increase. 
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 1 Figure 1.The structure of photovoltaic systems.
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 2 Capacitor-assisted extended-boost qZSIs. (a) Discontinuous-current (b) Continuous-current.

Figure 3 .

 3 (a) Structure of the capacitor-assisted extended-boost discontinuous current qZSI first extension (b) Non-shoot-through state. (c) Shoot-through state
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 4 Figure 4. Proposed CHB multilevel inverter based EBQZS topology
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 6 Fig. 6, Shows the carriers and the reference signals for 7-level PWM using POD technique with 1 a m  , 40 f m  .
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 67 Figure 6. Triangular comparison with sine wave for 7-level proposed topology This topology uses shoot-thorough state signal for controlling the output voltage. According to Fig.7, the AND gate has two inputs: one of them is the Generated Pulse, produced by pulse generator with the period of GP T , and the other one is the Zero State, produced by logical gates according to Table III. Output signal is high when both of the input signals are high. Duty cycle of generated pulse, D is obtained as:
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 8 Figs.8 and 9, show the simulation results including output voltage with its THD for the conditions with and without shoot-through state, that is, 0 D  and 1 D  , respectively.
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 89 Simulation result for proposed topology without shoot-through ( 0) D  (a) Output voltage and harmonic spectrum (b) Input voltage of CHB ( Simulation result for proposed topology with shoot-through ( 1) D  (a) Output voltage and harmonic spectrum (b) Input voltage of CHB ( in V )

TABLE I .

 I SWITCHING STATES AND OUTPUT VOLTAGE FOR PROPOSED TOPOLOGY

	Voltage level	Output voltage	State	ON switches
		1	(2n-1)Vin	Non-shoot through (Active State)	S1, S2, S5, S6, S9, S10, … , S4n-3, S4n-2
		2	(2n-2)Vin	Non-shoot through (Active State)	S1, S2, S5, S6, S9, S10, … , S4n-3, S4n-1
				:
				:
	(2n -2)	2Vin	Non-shoot through (Active State)	S1, S2, S5, S6, S9, S11, … , S4n-3, S4n-1
	(2n -1)	Vin	Non-shoot through (Active State)	S1, S2, S5, S7, S9, S11, … , S4n-3, S4n-1
		2n	0	Non-shoot through (Zero State)	S1, S3, S5, S7, S9, S11, … , S4n-3, S4n-1
		2n	0	shoot through	All switches
		2n	0	Non-shoot through (Zero State)	S2, S4, S6, S8, S10, S12, S14, S16
		2n	0	shoot through	All switches
	(2n + 1)	-Vin	Non-shoot through (Active State)	S3, S4, S6, S8, S10, S12, … , S4n-2, S4n
	(2n + 2)	-2Vin	Non-shoot through (Active State)	S3, S4, S7, S8, S10, S12, … , S4n-2, S4n
				:
				:
	(4n -2)	-(2n-2)Vin	Non-shoot through (Active State)	S3, S4, S7, S8, S11, S12, … , S4n-2, S4n
	(4n -1)	-(2n-1)Vin	Non-shoot through (Active State)	S3, S4, S7, S8, S11, S12, … , S4n-1, S4n
					S1	S3
					Vin	Vo1
	Vdc		
					S4	S2
					Load	Vo
					S5	S7
					Vo2
				Trans	S8	S6
			Figure 5. Seven-level proposed topology
	TABLE II.	ELECTRICAL SPECIFICATIONS OF THE PROPOSED
			TOPOLOGY	
	Frequency		50 Hz	
	Vdc		50 V	
	Load		150 Ω	
	Extend Capacitor	100 µF	
	Extend Inductor	5 mH	

According to Figs. 8 and9 it is possible that the output voltage alters between 135 to 247 via control the shootthrough, and it can be rose by adding states to EBQZS. Also, the THD decreases when the number of CHB increases.

V. CONCLUSION

In this paper a new topology (TCHB-MLI based on EBQZS) has been proposed in order to use in PV systems. This topology can control the output voltage with shootthrough state and it has the ability to increase the PV output dc voltage to any desired value for consuming on the multilevel inverters. The effectiveness and appropriate performance of the proposed topology was verified using the simulations obtained by MATLAB/SIMULINK.