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 
Abstract— Within the photovoltaic (PV) power generation 

systems in the market, the ac PV module has shown obvious 

growth. However, a high voltage gain converter is concentrate for 

the module’s grid connection with dc-ac inverter. This paper 

proposed a converter that employs a floating active switch to 

isolate energy from the PV panel when the ac module is OFF; this 

particular design protects installers and users from electrical 

hazards. Without extreme duty ratios and numerous turns-ratio of 

a coupled inductor, this converter achieves a high step-up 

voltage-conversion ratio; the leakage inductor energy of the 

coupled inductor is efficiently recycled to the load. These features 

explain about module’s high-efficiency performance. The detailed 

operating principles and steady-state analyses of continuous mode 

is described. A 15 volts produces from photovoltaic which is 

connects to high step-up dc-dc converter to produces output 

voltage of 170 volts. The novel proposed system is “an effective 

high step up interleaved dc-dc converter photovoltaic grid 

connection system”. In this configuration consists of PV array, 

high step-up interleaved dc-dc converter and three-phase inverter 

with grid connected system. In this system, the THD value per 

phase voltage of three phase inverter output without filter is 1.74% 

with grid connection system. In this same configuration with 2nd 

order filter connected of three phase inverter output, the THD 

value reduced to 0.08%. The results are shown in Matlab/simulink 

2009a. 

 
Index Terms—AC module, coupled inductor, high step-up 

voltage gain, single switch, three-phase inverter, grid connection. 

I. INTRODUCTION 

Photovoltaic (PV) power-generation systems are 

becoming increasingly important and prevalent in 

distribution generation systems. The use of new efficient 

photovoltaic solar cells (PVSCs) has emerged as an 

alternative measure of renewable green power, energy 

conservation and demand-side management. Photovoltaic 

solar cells have initial high costs; PVSCs have not yet been a 

fully attractive alternative for electricity users who are able to 

buy cheaper electrical energy from the utility grid. However, 

they have been used extensively for water pumping and air 

conditioning in remote and isolated areas where utility power 

is not available or is too expensive to transport.  
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Although PVSC prices have decreased considerably 

during the last years due to new developments in the film 

technology and manufacturing process [1], PV arrays are still 

widely considered as an expensive choice compared with 

existing utility fossil fuel generated electricity. After building 

such an expensive renewable energy system, the user 

naturally wants to operate the PV array at its highest energy 

conversion output by continuously utilizing the maximum 

available solar power of the array.  

A centralized PV array is a serial connection of numerous 

panels to obtain higher dc-link voltage for main electricity 

through a dc-ac inverter [2], [30]. Unfortunately, once there 

is a partial shadow on some panels, the system’s energy yield 

becomes significantly reduced [3]. An ac module is a micro 

inverter configured on the rear bezel of a PV panel [2]-[4]; 

this alternative solution not only immunizes against the yield 

loss by shadow effect, but also provides flexible installation 

options in accordance with the user’s budget [5]. Many prior 

research works have proposed a single-stage dc-ac inverter 

with fewer components to fit the dimensions of the bezel of 

the ac module, but their efficiency levels are lower than those 

of conventional PV inverters. The power capacity range of a 

single PV panel is about 100W to 300W and the maximum 

power point (MPP) voltage range is from 15V to 40V, which 

will be the input voltage of the ac module; in cases with lower 

input voltage, it is difficult for the ac module to reach high 

efficiency [4]. However, employing a high step-up dc-dc 

converter in the front of the inverter improves power 

conversion efficiency and provides a stable dc link to the 

inverter.        

When installing the PV generation system during daylight, 

for safety reasons, the ac module outputs zero voltage [5], [6]. 

The Fig.1 shows below the solar energy through the PV panel 

and micro inverter to the output terminal when the switches 

are OFF.  

 
 
Fig.1. Potential difference on the output terminal of nonfloating switch 

micro inverter 
When installation of the ac 

module is taking place, this 

potential difference could pose 
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hazards to both the worker and the facilities. A floating active 

switch is designed to isolate the dc current from the PV panel, 

for when the ac module is off-grid as well as in the no 

operating condition. This isolation ensures the operation of 

the internal components without any residential energy being 

transferred to the output or input terminals, which could be 

unsafe.   

The micro inverter includes dc-dc boost converter, dc-ac 

inverter with control circuit as shown in Fig.1. The dc-dc 

converter requires large step-up conversion from the panel’s 

low voltage to the voltage level of the application. Previous 

research on various converters for high step-up applications 

has included analyses of the switched-inductor and 

switched-capacitor types [7], [8]; transformer less 

switched-capacitor type [9], [10], [30]; the voltage-lift type 

[13]; the capacitor-diode voltage multiplier [14] and the 

boost type integrated with a coupled inductor [11], [12], these 

converters by increasing turns ratio of coupled inductor 

obtain higher voltage gain than conventional boost converter. 

Some converters successfully combined boost and flyback 

converters, since various converter combinations are 

developed to carry out high step-up voltage gain by using the 

coupled-inductor technique [15]-[20],[28],[29]. By 

combining active snubber auxiliary resonant circuit, 

synchronous rectifiers or switched capacitor based resonant 

circuits and so on, these techniques made active switch into 

zero voltage switching (ZVS) or zero current switching (ZCS) 

operation and improved converter efficiency[21]-[25]. 

However, when the leakage-inductor energy from the 

coupled inductor can be recycled, the voltage stress on the 

active switch is reduce, which means the coupled inductor 

employed in combination with the voltage-multiplier or 

voltage-lift technique successfully accomplishes the goal of 

higher voltage gain [2]-[13]. 

The proposed converter, shown in Fig. 2 is comprised of a 

coupled inductor T1with the floating active switch S1.  

The primary winding N1 of a coupled inductor T1 is similar 

to the input inductor of the conventional boost converter and 

capacitor C1 and diode D1 receive leakage inductor energy 

form N1.  

 
Fig.2. Circuit configuration of proposed converter 

 

The secondary winding N2 of coupled inductor T1 is 

connected with another pair of capacitors C2 and diode D2, 

which are in series with N1 in order to further enlarge the 

boost voltage. The rectifier diode D3 connects to tis output 

capacitor C3. The proposed converter has several features:  

1)  The connection of the two pairs of inductors, capacitor 

and diode gives a large step-up voltage-conversion ratio 

 2)  The leakage inductor energy of the coupled inductor can 

be recycled, thus increasing the efficiency and 

restraining the voltage stress across the active switch and  

3)  The floating active switch efficiently isolates the PV 

panel energy during no operating conditions, which 

enhances safety. The operating principles and 

steady-state analysis of the proposed converter are 

presented in the following section. 

The novel proposed system is ―an effective high step up 

interleaved dc-dc converter photovoltaic grid connection 

system‖. In this configuration consists of PV array, high 

step-up interleaved dc-dc converter and three-phase inverter 

with grid connected system. 

II. PVA MODELING 

PV arrays are built up with combined series/parallel 

combinations of PV solar cells, which are usually represented 

by a simplified equivalent circuit model such as the one given 

in Fig.3 and/or by an equation as in (1). 

 
Fig.3 Simplified equivalent circuit of photovoltaic cell 

 

The PV cell output voltage is a function of the 

photocurrent that mainly determined by load current 

depending on the solar irradiation level during the operation. 

𝑉𝐶 =
𝐴𝑘𝑇𝐶

𝑒
𝑙𝑛  

𝐼𝑃ℎ+𝐼0−𝐼𝐶

𝐼0
 − 𝑅𝑆𝐼𝐶           (1) 

Where the symbols are defined as follows: 

e:electron charge (1.602*10
-19

C). 

K: Boltzmann constant (1.38*10
-23

 J/
0
K). 

IC: cell output current, Amperes. 

Iph: photocurrent, function of irradiation level and junction       

Temperature (5A). 

I0: reverse saturation current of diode (0.0002A). 

RS: series resistance of cell (0.001 ohms). 

TC: reference cell operating temperature (200C). 

VC: cell output voltage, Volts. 

Both k and TC should have the same temperature unit, 

either Kelvin or Celsius. The curve fitting factor A is used to 

adjust the I-V characteristics of the cell obtained from (1) to 

the actual characteristics obtained by testing. Eq. (1) gives the 

voltage of a single solar cell which is then multiplied by the 

number of the cells connected in series to calculate the full 

array voltage. Since the array current is the sum of the 

currents flowing through the cells in parallel branches, the 

cell current IC is obtained by dividing the array current by the 

number of the cells connected in parallel before being used in 

(1), which is only valid for a certain cell operating 

temperature TC with its corresponding solar irradiation level 

SC. If the temperature and solar 

irradiation levels change, the 

voltage and current outputs of 

the PV array will follow this 
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change. Hence, the effects of the changes in temperature and 

solar irradiation levels should also be included in the final PV 

array model.  A method to include these effects in the PV 

array modelling is given by Buresch [32]. According to this 

method, for a known temperature and a known solar 

irradiation level, a model is obtained and then this model is 

modified to handle different cases of temperature and 

irradiation levels. Let (1) be the benchmark model for the 

known operating temperature TC and known solar irradiation 

level SC as given in the specification. When the ambient 

temperature and irradiation levels change, the cell operating 

temperature also changes, resulting in a new output voltage 

and a new photocurrent value. The solar cell operating 

temperature varies as a function of solar irradiation level and 

ambient temperature. The variable ambient temperature Ta 

affects the cell output voltage and cell photocurrent. These 

effects are represented in the model by the temperature 

coefficients CTV and CTI for cell output voltage and cell 

photocurrent, respectively, as:  

 

     𝐶𝑇𝑉 = 1 + 𝛽𝑇 𝑇𝑎 − 𝑇𝑥           (2) 

 

     𝐶𝑇𝐼 = 1 +
𝛾𝑇

𝑆𝐶
( 𝑇𝑋 − 𝑇𝑎          (3) 

 Where βT =.004 and γT =.06 for the cell used and Ta=200C 

is the ambient temperature during the cell testing. This is used 

to obtaining the modified model of the cell for another 

ambient temperature TX. Even if the ambient temperature 

does not change significantly during the daytime, the solar 

irradiation level changes depending on the amount of 

sunlight and clouds. A change in solar irradiation level causes 

a change in the cell photocurrent and operating temperature, 

which in turn affects the cell output voltage. If the solar 

irradiation level increases from SX1 to SX2, the cell operating 

temperature and the photocurrent will also increases from TX1 

to TX2 and from Iph1 to Iph2, respectively. Thus the change in 

the operating temperature and in the photocurrent due to 

variation in the solar irradiation level can be expressed via 

two constants, CSV and CSI, which are the correction factors 

for changes in cell output voltage VC and photocurrent Iph, 

respectively:    

                      𝐶𝑆𝑉 = 1 + 𝛽𝑇 ∝𝑆  𝑆𝑋 − 𝑆𝐶         (4) 

        𝐶𝑆𝐼 = 1 +
1

𝑆𝐶
( 𝑆𝑋 − 𝑆𝐶            (5) 

Where SC is benchmark reference for solar irradiation level 

during a cell testing to obtain a  modified cell model. SX is the 

new level of the solar irradiation. The temperature change, 

ΔTC, occurs due to the change in the solar irradiation level 

and is obtained using  

                             ∆𝑇𝐶 =∝𝑆  𝑆𝑋 − 𝑆𝐶                (6) 

The constant αS represents the slope of the change in the 

cell operating temperature due to a change in the solar 

irradiation level [31] and is equal to 0.2 for the solar cells 

used. Using correction factors CTV, CTI, CSV and CSI, the new 

values of the cell output voltage VCX and photocurrent Iphx are 

obtained for the new temperature TX and solar irradiation SX 

as follows:  

                  𝑉𝐶𝑋 = 𝐶𝑇𝑉𝐶𝑆𝑉𝑉𝐶                  (7) 

                  𝐼𝑃ℎ𝑥 = 𝐶𝑇𝐼𝐶𝑆𝐼𝐼𝑃ℎ                  (8) 

VC and Iph is the benchmark reference cell output voltage 

and reference cell photo current, respectively. 

III. OPERATING PRINCIPLES OF THE PROPOSED 

INVERTER 

The simplified circuit model of the proposed converter is 

shown in Fig.4. The coupled inductor T1 is represented as a 

magnetizing inductor Lm, primary and secondary leakage 

inductors Lk1 and Lk2 and an ideal transformer. In order to 

simplify the circuit analysis of the proposed converter, the 

assumptions are made. 

 
Fig.4.Polarity definitions of voltage and current in proposed converter 

 

1) All components are ideal, except for the leakage 

inductance of coupled inductor T1, which is being taken 

under consideration. The on-state resistance RDS(ON) 

and all parasitic capacitances of the main switch S1 are 

neglected, as are the forward voltage drops of diodes 

D1D3. 

2) The capacitors C1 C3 are sufficiently large that the 

voltages across them are considered to be constant. 

3) The ESR (equivalent series resistance) C1 C3 and the 

parasitic resistance of the coupled inductor T1 are 

neglected.  

4) The turn’s ratio n of the coupled inductor T1 windings is 

equal to N2/N1. 

The operating principle of continuous conduction mode 

(CCM) is presented in detail. The current waveforms of 

major components are given in Fig.5.  

There are five operating modes in a switching period. The 

operating modes are described as follows. 

 
 

Fig.5 some typical waveforms of proposed converters at CCM operation 
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A. Mode I [t0, t1]:   

In this transition interval, the magnetizing inductor Lm 

continuously charges capacitor C2 through T1 when S1 is 

turned ON. The current flow path is shown in Fig. 6(a); 

switch S1 and diode D2 are conducting. The current iLm is 

decreasing because source voltage Vin crosses magnetizing 

inductor Lm and primary leakage inductor Lk1; magnetizing 

inductor Lm is still transferring its energy through coupled 

inductor T1 to charge switched capacitor C2, but the energy is 

decreasing; the charging current iD2 and iC2 are decreasing. 

The secondary leakage inductor current iLk2 is declining as 

equal to ILm/n. Once the increasing iLk1 equals decreasing 

iLmat t = t1this mode ends. 

 
Fig. 6 (a) Current flow path of one switching period at CCM operation of 

ModeI:t0~t1. 

 

B. Mode II [t1,t2]:  

During this interval, source energy Vinis series connected 

with N2, C1 and C2 to charge output capacitor C3 and load R; 

meanwhile magnetizing inductor Lm is also receiving energy 

form Vin. The current flow path is shown in Fig. 6(b), where 

switch S1 remains ON and only diode D3 is conducting. The 

iLm, iLk1 and iD3 are increasing because the Vin is crossing 

Lk1,Lm and primary winding N1; Lm and Lk1 are storing 

energy form Vin; meanwhile Vin is also serially connected 

with secondary winding N2 of coupled inductor T1, capacitors 

C1 and C2 and then discharges their energy to capacitor C3 

and  load R. The iin, iD3 and discharging current 𝑖𝐶1  and   𝑖𝐶2   
are increasing. This mode ends when switch S1 is turned OFF 

at t = t2. 

Fig. 6 (a) Current flow path of one switching period at CCM operation of 

ModeII:t1~t2 

C. MODE III [T2,T3]: 

During this transition interval, secondary leakage inductor 

Lk2 keeps charging C3 when switch S1 is OFF. The current 

flow path is shown in Fig. 6(c), where only diode D1 and D3 

are conducting. The energy stored in leakage inductor Lk1 

flows through diode D1 to charge capacitor C1 instantly when 

S1 is OFF. Meanwhile, the energy of secondary leakage 

inductor Lk2 is series connected with C2 to charge output 

capacitor C3 and the load. Because leakage inductance Lk1 

and Lk2 are far smaller than Lm, iLk2 rapidly decreases, but iLm 

is increasing because magnetizing inductor Lm is receiving 

energy form Lk1. Current iLk2 decreases until it reaches zero; 

this mode ends at t=t3. 

 

 
Fig. 6 (c) Current flow path of one switching period at CCM operation of 

ModeIII:t2~t3. 

 

D. Mode IV [t3,t4]: 

During this transition interval, the energy stored in 

magnetizing inductor Lm is released to C1 and C2 

simultaneously. The current flow path is shown in Fig. 6(d). 

Only diodes D1 and D2 are conducting. Currents iLk1 and iD1 

are continually decreased because the leakage energy still 

flowing through diode D1 keeps charging capacitor C1. The 

Lm is delivering its energy through T1 and D2 to charge 

capacitor C2. The energy stored in capacitor C3 is constantly 

discharged to the load R. These energy transfers result in 

decreases in iLk1 and iLm but increases in iLk2. This mode ends 

when current iLk1 is zero, at t=t4. 

 

 
Fig. 6 (d) Current flow path of one switching period at CCM operation of 

ModeIV:t3~t4 
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E. Mode V [t4,t5]: 

During this interval, only magnetizing inductor Lm is 

constantly releasing its energy to C2. The current flow path is 

shown in Fig. 6(e), in which only diode D2 is conducting. The 

iLm is decreasing due to the magnetizing inductor energy 

flowing through the coupled inductor T1 to secondary 

winding N2 and D2 continues to charge capacitor C2. The 

energy stored in capacitor C3 is constantly discharged to the 

load R. This mode ends when switch S1 is turned ON at the 

beginning of the next switching period. 

 
 
Fig. 6 (e) Current flow path of one switching period at CCM operation of 

ModeIV:t4~t5 

IV. STEADY-STATE ANALYSIS OF PROPOSED 

CONVERTER OF CCM OPERATION 

To simplify the steady-state analysis, only modes II and IV 

are considered for CCM operation and the leakage 

inductances on the secondary and primary sides are neglected. 

The following equations can be written from Fig. 6(b): 

     𝑣𝐿𝑛 = 𝑉𝑖𝑛                  (9) 

 

       𝑉𝑁2 = 𝑛𝑉𝑖𝑛               (10) 

During mode IV 

        𝑉𝐿𝑚 = −𝑉 𝐶1            (11) 

 

                                𝑣𝑁2 = −𝑉𝐶2           (12)                  

 

Applying a volt-second balance on the magnetizing 

inductor Lm yields 

  𝑉𝑖𝑛 𝑑𝑡
𝐷𝑇𝑠

0
+   −𝑉𝐶1 𝑑𝑡

𝑇𝑠
𝐷𝑇𝑠

= 0    (13) 

 

  𝑛𝑉𝑖𝑛 𝑑𝑡
𝐷𝑇𝑠

0
+   −𝑉𝐶2 𝑑𝑡

𝑇𝑠
𝐷𝑇𝑠

= 0    (14) 

From which the voltage across capacitors C1 and C2are 

obtained as follows: 

𝑉𝐶1 =
𝐷

1−𝐷
𝑉𝑖𝑛        (15) 

 

𝑉𝐶2 =
𝑛𝐷

1−𝐷
𝑉𝑖𝑛       (16) 

During mode II, the output voltage V0=Vin+VN2+VC2+VC1 

becomes 

𝑉0 = 𝑉𝑖𝑛 + 𝑛𝑉𝑖𝑛 +
𝑛𝐷

1−𝐷
𝑉𝑖𝑛 +

𝐷

1−𝐷
𝑉𝑖𝑛    (17) 

The DC voltage gain MCCM can be found as follows: 

 

𝑀𝐶𝐶𝑀 =
𝑉0

𝑉𝑖𝑛
=

1+𝑛

1−𝐷
    (18) 

Both [11] and [12] are employing coupled inductor 

topology as the boost typed converter integrating with 

coupled inductor; this technology is similar to the technology 

of the proposed converter. Fig.7 shows the plot of voltage 

gain MCCM as function of duty ratio D of the proposed 

converter is compared with that of available converters [10, 

[11]. The chart reveals the voltage gain MCCM of proposed 

converter is obviously higher than available converters. All 

of them are operating under the conditions: CCM and n=5. 

During CCM operation, the voltage stresses on S1and 

D1~D3 are given as 

𝑉𝐷𝑆 = 𝑉𝐷1 =
𝑉𝑖𝑛

1−𝐷
       (19) 

 

                                   𝑉𝐷2 =
𝑛𝑉𝑖𝑛

1−𝐷
        (20) 

 

     𝑉𝐷3 =
1+𝑛

1−𝐷
𝑉𝑖𝑛          (21)       

V. NEW PROPOSING SYSTEM 

 
Fig.7. New proposing system of an effective high step up interleaved 

dc-dc converter photovoltaic grid connection system 
 

 In this new proposing system consists of PV array, high 

step-up interleaved dc-dc converter and three phase inverter 

with grid connection. The PV array produces 15volts voltage. 

This voltage is applying to high step-up interleaved dc-dc 

converter. The step-up voltage of their converter applied to 

three phase inverter. The three phase inverter output voltage 

is connecting to grid connection. 

The three phase inverter operated with pulse generation. 

There are two possible patterns of conducting of the IGBT’s. 

In one pattern each IGBT conducts for 180 degrees and in the 

other, each IGBT conducts for 120 degrees. But in both these 

patterns, conducting signals are applied and removed at 60 

degrees intervals of the output voltage waveform. Therefore, 

both these modes require a six step bridge inverter. 

VI. SIMULATION RESULTS 

A. Proposed dc-dc converter: 
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Fig.8. dc-dc converter with photo voltaic simulink diagram 

The above figure shows simulation diagram of proposed 

system of dc-dc converter with photovoltaic array. 

 
Fig.9. photovoltaic array output voltage 

The above figure shows photovoltaic array produces 15volts 

output voltage. 

 
Fig.10. pulse generator input to the switch 

 

The above figure shows the pulse generator output given to 

IGBT switch. 

 
 

Fig.11. dc-dc converter output voltage 

 

The above figure shows 170volts output voltage produced by 

the proposed converter. 
 

B. New proposing system of an effective high step up 

interleaved dc-dc converter photovoltaic grid connection 

system: 

 
 

Fig.12 proposing system of an effective high step up interleaved dc-dc 
converter photovoltaic grid connection system 

 

The above figure shows simulation diagram of proposing 

system are PV array, interleaved high step-up dc-dc converter, 

three phase inverter and grid connection. 

 
Fig.13 three phase output voltage of the three phase inverter 

 

The above figure shows three phase output voltage 

produced by three phase inverter with smooth filter of 

inductor connection. 

 
Fig.14 per phase voltage of three phase inverter 

The above figure shows per phase voltage of three phase 

inverter. 
 

 
 

Fig.15 THD value of per phase voltage of three phase inverter without 

second order filter  

The above figure shows THD value of 1.74% of per phase 

voltage of three phase inverter output voltage without second 

order filter connection. 
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Fig.16 THD value of per phase voltage of three phase inverter with 
second order filter 

 

The above figure shows THD value of 0.08% per phase 

voltage of three phase inverter with second order filter 

connection. 

VII. CONCLUSIONS 

In this new proposing system is ―an effective high step up 

interleaved dc-dc converter photovoltaic grid connection 

system‖produced three phase output voltage connected to 

grid connection. The THD value is 1.74% per phase voltage 

of three phase inverter output without second order filter 

connection. And THD value is 0.08% per phase voltage of 

three phase inverter output with second order filter 

connection.   

The future scope is the PWM techniques used for three 

phase inverter are sinusoidal PWM, Third-harmonic PWM, 

60 degree PWM, space vector PWM, any one PWM will use. 

And the other future scope is Multilevel inverters will 

connect to the interleaved dc-dc converter. 
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