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Abstract - This work presents photovoltaic panels generate low 
DC voltages and these voltages need to be boosted before 
converted to ac voltage. Therefore, high step-up ratio DC-DC 
converters are preferred in renewable energy systems. The 
leakage inductance energy can be efficiently discharged. A new 
Z-source-source based topology that can boost the input voltage 
with low duty ratios is proposed in this work. Since the device 
stresses are low in this topology, low-voltage MOSFETs with 
small RDS (on) values can be selected to reduce the conduction 
loss. These features improve the converter efficiency. Finally the 
prototype converter can be obtained with high efficiency and 
experimental results are verified by theoretical analysis. 

Keywords: Coupled-inductor converters, DC-DC converters, Z-
source converters. 

I     INTRODUCTION 

Nowadays DC-DC converters with high voltage gain are 
widely used grid connected alternative energy sources 
employing photovoltaic PV panels. Particularly, the PV 
energy is considered as one of the most useful alternative 
energy sources because it is clean, unlimited, and cheap. 
However, the output voltage of the PV panels is low. 
Generally the maximum power point voltage is in a range of 
20-40 Volts depending on power capacity of the PV panel.  
The PV panels could be connected in series to increase the 
input voltage of the converter. But, this decreases the MPP 
efficiency in case of any shading. Therefore, the ac module 
structure has been suggested. The grid connected ac module 
structure.  

Typically, it consists of a high step-up DC-DC converter in 
the first stage and a DC-AC inverter in the second stage. A 
dc voltage of about 350-440 V is required to deliver solar 
power to So, a high voltage ratio converter is required to 
obtain high output voltage from low input voltage.  

The DC-DC converter with high step-up voltage gain is 
widely used for many applications, such as fuel cell energy 
conversion systems, solar cell energy conversion systems, 
and high intensity discharge lamp ballasts for automobile 
headlamps. Conventionally, the DC-DC boost converter is 
used for voltage step-up applications some converters like 

the forward and fly back converters can adjust the turn ratio 
of the transformer to achieve a high step up voltage gain. To 
improve the conversion efficiency and achieve a high step-
up voltage gain step-up converters have been proposed  

The converters use the coupled-inductor technique to 
achieve a high step-up gain the voltage stress of the main 
switch can be adjusted by the turn ratio of the coupled 
inductor. To achieve a high step-up gain, it has been 
proposed To achieve high step-up voltage gain and high 
efficiency, this paper proposes step-up ratio and coupled 
inductor to achieve a high Step-up voltage gain.  

The coupled inductor can charge two capacitors in parallel 
and discharge in series. However, the leakage inductor of 
the coupled inductor may cause high power loss and Thus, a 
passive clamping circuit is needed to clamp the voltage 
level of the main switch and to the energy of the leakage 
inductor. 

II     SYSTEM MODEL 

Z-SOURCE CONVERTER 

Z-Source Converter is an Alternative Power Conversion 
Topology that can both buck and boost the Input Voltage 
using Passive Components .The Z-source topology gives 
these unique features. Capable of operating in either voltage 
or current-fed mode, Capable of buck or boost operation 
depending on whether it is voltage or current-fed. PWM 
duty ratio control can be employed just like in conventional 
DC-DC converters to control a z-source DC-DC converter.  

The z-network is symmetrical, the two inductors are 
identical and the same is true of the two capacitors and 
voltage fed DC-DC converter. In a voltage-fed mode of 
operation requiring unidirectional power flow capability, a 
diode is connected in series with the voltage source while a 
controlled switch is connected in parallel with the z-
network output terminals. DC-DC converters have the 
following advantages to offer Compared to the 
Conventional DC-DC Converters, Z-Source Larger Range 
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Of Output DC Voltage. And power ratings Lower. Inrush 
Current Lower Harmonic Injection. 

 
Fig.1 Z-source converter 

Fig.1 shows are two cores, T1 and T2 and Turns ratios of 
these windings are N1 and N2 the coupled inductors are L1 
and L2 the magnetizing  inductors Lm, the primary leakage 
inductor Llk1, the and secondary leakage inductor Llk2, and 
an ideal transformer. The circuit also employs five 
capacitors Co, C1, C2, C3, C4 and Cs four diodes Do, D1, D2 

and D3, and Ro a power switch (S) MOSFET are used in 
this system However, such a converter [1] has some 
drawbacks such as large input current and high voltage 
switching. This especially increases conduction losses when 
higher voltage rating devices are used. Isolated and non 
isolated converters [3] and [5] can be used to boost low 
input voltages the energy stored in the leakage inductance 
of the transformer causes high voltage stresses on the power 
devices in these converters 

III   PREVIOUS WORK 

In previous system [1] Y.-P. Hsieh, J.-F. Chen, T.-J. Liang 
and L.-S. Yang, The concept is to utilize two capacitors and 
one coupled inductor. The two capacitors are charged in 
parallel during the switch-off period and are discharged in 
series during the switch-on period by the energy stored in 
the coupled inductor to achieve a high step-up voltage gain. 
In addition, the leakage-inductor energy of the coupled 
inductor is recycled with a passive clamp circuit. Thus, the 
voltage stress on the main switch is reduced. The switch 
with low resistance can be adopted to reduce the conduction 
loss. In addition, the reverse-recovery problem is occurred 

IV   PROPOSED METHODOLOGY 

The new Z-source converter can boost the low output 
voltage of a PV panel to a high dc voltage level for ac 
module applications. This paper concentrates on the 
operation principles and design of the proposed converter 
.The biggest advantage of the proposed topology is that it 

needs low-cost, low-rated components which in turn make it 
possible to use high-efficiency devices 

Principles Operation Of Z-Source Converter: 

The principles operation of Z-source converter There is one 
coupled inductor with four windings in the proposed 
converter. There are two cores, T1 and T2. However, all 
coils are wound on the same core. Each coupled inductor 
has two windings. Turns ratios of these windings are N1 and 
N2. Primary and secondary inductances of the coupled 
inductors are L1 and L2. The detailed representation of the 
proposed converter. The equivalent model of the coupled 
inductors includes the magnetizing inductors Lm, the 
primary leakage inductor Llk1, the secondary leakage 
inductor Llk2, and an ideal transformer. The circuit also 
employs five capacitors Co, C1, C2, C3, and C4 four diodes 
Do, D1, D2, and D3, and a power switch (S). MOSFET 

When the power switch is turned ON, the diodes D1,D2 
,and D3 are OFF while the diode Do conducts. The 
capacitors C1, C2, C3, and C4 are discharged, while the load 
capacitor Co is charged. When the power switch is turned 
OFF, the diodes D1,D2 , and D3 starts conducting and the 
diode Do is OFF. The capacitors C1, C2, C3, and C4 are 
charged. The capacitor Co is discharged.  

While the primary leakage inductance energy is discharged 
through the capacitors C1 and C2 and the diodeD1, the 
secondary leakage inductance energy is discharged through 
the load. In the meantime, the switch and the diodes do not 
experience extra stress Also, diode currents decay linearly 
during turn-off due to the leakage inductance. All these 
cause in higher efficiency. 

Modes of Operation: 

Each switching period can be divided into seven sub 
intervals in CCM operation. Equivalent circuits and 
operation of the converter in all these modes are given in. 
The waveforms describing the operation in these modes are 
shown in below figure. The operating modes are described 
as follows 

Mode I [t0 –t1] 

This short mode starts at t = t0 and the switch is conducting 
in this mode. It is assumed the stray capacitor Cs quickly 
discharges. The diodes Do and D1 are OFF while the diodes 
D2 and D3 conduct the current. The capacitors C1 and C2 are 
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discharged. The magnetizing and leakage inductors Lm and 
Llk1 are charged by VC voltage. The leakage inductor Llk2 
discharges its energy through parallel the capacitors C3 and 
C4. The secondary current iL2 linearly decays, causing soft 
recovery of diodes. The capacitor Co is discharged through 
the load. This mode ends at t = t1 

Fig. 2 Mode One Operation 

Mode II [t1 –t2]  

This is also a short mode. The switch is still conducting at t 
= t1. The diode Do conducts while the diodes D1, D2, and D3 
are OFF.  The capacitors C1 and C2 and the inductors Lm 
and Llk1 keep their states as in Mode I. The capacitors C3 
and C4 are in series and discharged through the load. The 
capacitor Co is charged. This mode ends when vL2 = nvL1 
at t = t2 

 
Fig. 3 Mode Two Operation 

Mode III [t2 –t3] 

 In this mode, the switch, diodes, capacitors, and inductors 
keep their states as in Mode II.  The magnetizing inductor 
Lm transfers the stored energy to the secondary. The 
secondary side of the coupled inductors is in series with the 
capacitors C3 and C4 by charging them to a voltage level 
depending on the conversion ratio and passes the energy to 
the load. This mode ends at t = t3 when the switch is turned 
OFF 

 
Fig. 4 Mode Three Operation 

Mode IV [t3 –t4]  

This is also a short mode. When the switch is turned OFF, 
the stray capacitor Cs starts to charge quickly. The diodes, 
capacitors, and inductors keep their states as in Mode III. 
This mode ends at t = t4 when the diode D1 starts conducting 
and the voltage on the switch 

 
Fig. 5 Mode Four Operation 

Mode V [t4 –t5]  

This is also a short mode. The switch and the diodes D2 and 
D3 are OFF while the diodes Do and D1 conduct the current. 
The current flow path is shown in Fig.6 the energy stored in 
Lm and Llk1 is discharged through C1, C2 capacitors and the 
source. The leakage inductor Llk2 discharges its energy 
through the series capacitors C3 and C4 and the load. The 
capacitor Co is charged. This mode ends at t = t5 when the 
diode Do is OFF. 

 
Fig. 6 Mode Five Operation 

Mode VI [t5 –t6]  
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This is also a short mode. The switch and diode Do are OFF 
while the diodes D1, D2, and D3 conduct the current. The 
current flow path is shown in Fig 7. In this mode, the 
energy stored in Lm and Llk1 is still discharged through the 
capacitors C1 and C2 and the source. The capacitors C1, C2, 
C3, and C4 are charged. The secondary current iL2 quickly 
increases. The load capacitor Co is discharged through the 
load. This mode ends at t = t6  

 
Fig. 7 Mode Six Operation 

Mode VII [t6 –t7] 

 In this mode, the switch and diodes keep their states as in 
Mode VI.  In this mode, the stored energy in Lm is 
transferred to the secondary side. The capacitors C1 and C2 
are still charged. The secondary of the coupled inductors is 
in parallel to the capacitors C3 and C4, and charges them to 
a voltage level depending on the conversion ratio. The load 
capacitor Co is still discharged through the load. This mode 
ends when the switch is turned ON at t =t7 

 
Fig. 8 Mode Seven Operation 

.ANALYSIS OF THE PROPOSED CONVERTER 

Voltage Gain in CCM Operation In CCM operation, seven 
modes are discussed. Modes III and VII are the two main 
intervals during which the switch is ON or OFF for a long 
time. Other modes are very short and describe transitions. 
Ts is the switching period and D is the duty ratio of the 
switch In the time duration of Mode III, the switch is ON. 
Thus, the following equations can be written from Fig. 3 

Vo = VC3 + VC4 − 2vL2
III                       (1) 

In the time duration of Mode VII, the switch is OFF. Thus, 
the following equations can be written from Fig. 8 

VC3 = VC4  − 2vL2
VII                        (2) 

The relationship between Vin  and VC voltages is reached 
by applying volt-second equations for each inductor 

Vc
Vin

= 1−D
1−2D

                                          (3) 

The voltage that appears across the switch S during the off 
state condition Vds 

Vds = 2Vc  − Vin  =
Vin

1−2D
                     (4) 

The voltages across the capacitors C3 and C4 in Mode VII 
where they are charged  

VC3 = VC4 −2vL2
VII  = 2nDk  

1−D 
Vc             (5) 

Finally, the output voltage can be 

Vo = 1+D 
1−2D

2nkVin                             (6) 

The voltage gain of the converter is then 

Gccm = Vo
Vin

= 1+D
1−2D

2n                         (7) 

The curve of the voltage gain Vo/Vin the turns ratio n and 
the turns ratio of windings increase, the voltage gain of the 
converter increases greatly. This allows the proposed 
converter to use the low duty cycle in high step-up 
applications. So, the diode reverse recovery problem which 
causes the electromagnetic interface noise can be reduced. 

COMPARISON OF PROPOSED CONVERTER  

The circuit performance comparison between the isolated 
converters in [1]–[4] and the proposed converter is given in 
Table 1. To show the advantages of the proposed converter, 
the voltage gain clear from the figure that the proposed 
converter, which eliminates reverse-recovery problem and 
allows the use of MOSFET with a lower voltage ratio under 
same duty cycle and turns ratio of transformer, However 
,the cost of the converter is low since the voltage stresses in 
the proposed circuit are lower than that of the existing 
topologies .These features allow the use of the proposed 
converter in renewable energy applications. 
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Parameters Converter[1] 
Proposed 
Converter 

Diode 4 4 
Capacitor 4 5 
Coupled 
Inductor 

1 1 

Voltage gain 
2n/ 
1-D 

2n(1+D)/ 
1-2D 

Reverse Recovery 
problem 

 
Medium 

 
Small 

Table.1 comparison of proposed converter 

SIMULATION/EXPERIMENTAL RESULTS 

Simulation Model of Z-Source converter 

The simulation circuit of Z-Source converter is shown in 
Fig 5.The various waveforms obtained from the simulation 
is presented below. 

 
Fig 9: Simulation circuit of Z-Source converter 

Proposed System Converter Output Voltage 

          
 

Fig 10 shows the proposed system converter input voltage 
24V DC is step-up to the 440V DC 

 

Capacitor Current Charging Discharging Waveform 

       

Time (Sec.) 

Fig 11 shows the proposed system capacitor current 
charging and discharging waveform the capacitor current is 
0.8mA 

Capacitor Current Charging Discharging Waveform 

                                      

                                                            Time (Sec.) 

Fig 12 shows the proposed system capacitor current 
charging and discharging waveform the capacitor current is 
1.5mA 

VI   CONCLUSION 

A high step-up ratio dc-dc converter based on Z-source 
topology with reduced voltage stress on semiconductor 
devices has been proposed for single-phase grid-connected 
ac module applications. The conversion efficiency can be 
improved in the proposed converter because it effectively 
recycles the energy stored in the leakage inductor the low 
voltage rating switch with a low conduction loss and diode 
to reduce conduction loss. In addition, the reverse recovery 
problem eliminated. Finally the prototype converter can be 
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obtained with high efficiency and experimental results are 
verified by theoretical analysis. 

VII   FUTURE SCOPES 

In new Z-source-source based topology, that can boost the 
low input DC voltage high Output DC Voltage. With low 
duty ratios. While using more number of semiconductor 
devices conversion efficiency is improved and voltage 
stress are also reduced power ratings improved. Lower 
Harmonic Injection. Possible to use high-efficiency devices 
these features improve the converter efficiency. 
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