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I. INTRODUCTION 

Renewable resources, such as wind generation systems and Photovoltaic (PV) systems, have gained great visibility 

during the past few years as convenient and promising, renewable energy sources.  

There are several benefits for solar power systems, such as:  

• Clean and renewable energy that replaces power produced by coal, oil and nuclear power 

• Reduction/elimination of electric bills 

• Silicon for manufacturing PV panels is the second most abundant element on Earth 

• The ability to provide power to remote locations 

Photovoltaic ac module (PV ACM), also named as micro-inverter, is a compact and modular structure for small 

power PV generation system applications. This concept was conceived 30 years ago at Caltech’s Jet Propulsion 

Laboratory. However, it is only recently reaching commercial realization. Nowadays, it’s recognized as an 

attractive solution for the residential utility-interactive PV systems. Finally, the control strategy is verified based 

on an improved fly back-converter topology using PSIM simulation is shown in this paper. 
Characteristics of Solar Cells: 

It is important to understand the different characteristics of a solar cell. PV cells are semiconductor devices with 

electrical characteristics similar to that of a diode. However, a PV cell is a source of electricity and operates as a 

current source when light energy, such as sunlight, makes contact with it. A PV cell can be modeled as shown in 

Fig. 1. Rp and Rs are parasitic resistances that, in an ideal world, would be infinite and zero, respectively. 
Ideal PV Cell

IPV Id, RP
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V
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Figure.1 Single-diode model of the photovoltaic cell. 

A PV cell will behave differently, depending on its size or type of load connected to it, and the intensity of sunlight 

(illumination). The characteristics of a PV cell are described by the different operating currents and voltages under 

different environments. When the cell is exposed to sunlight, but is not connected to a load, there is no current 

Abstract: The Photo Voltaic (PV) energy system, utilized as a part of this undertaking, is another idea being 

used, which is increasing huge ubiquity because of expanding significance to developing option wellsprings of 

source of energy over exhaustion of customary nonrenewable energizes all around the globe. The systems 

which are being created concentrate on making sun as an abundant source of energy in the most productive 

way and supply them to the accessible loads without influencing their execution. 

In low-voltage photovoltaic (PV) systems high-efficiency high voltage gain step-up DC-DC converters are 

required as the interface is essential between the PV panel and the load. Therefore overall performance of the 

PV system is essentially affected by the efficiency of step-up DC-DC converter itself. This paper presents the 

results of PSIM simulation of high-efficiency interleaved step-up DC-DC converter. Interleaved approach 

minimizes the current stress on the switches as well as allows reducing sizes of the inductors but also decreases 

input current ripples. The other advantage of interleaving structure is flexibility of number of working phase’s 

extension. High efficiency assured by fly back topology is achieved by the means of recycling the energy from 

input leakage inductance and relatively low voltage stress across the transistor switches which enables low 

drain-to-source resistance transistors application. The simulation carried out will present transient and 

performance characteristics of interleaved step-up DC-DC fly back converter. 
Index Terms: Interleaved Step-up DC-DC Fly back Converters, High Efficiency, Photovoltaic Systems. 
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flowing through the cell and the voltage across the PV cell reaches its maximum. This is known as the Open 

Circuit Voltage (VOC).When the cell is loaded, current begins to flow through the circuit and the voltage across 

the cell begins to drop. The maximum current to pass through the cell can be determined when the two terminals 

are directly connected to each other and the voltage is zero. This is known as Short-Circuit Current (ISC). 

The influence of temperature and illumination on a PV module is illustrated in Fig.2.  

 
Figure.2. Characteristic I-V curve of the PV cell. 

Changes in light intensity will have greater effect on the cell output power than changes in temperature. This is 

true for all commonly used PV materials. The important result of these two effects is that the power of a PV cell 

decreases when light intensity decreases and/or temperature increases. 
 

II.  MODELING OF PHOTOVOLTAIC ARRAYS 

 
Ideal photovoltaic cell: 

Fig. 1 shows the equivalent circuit of the ideal photovoltaic cell. The basic equation from the theory of 

semiconductors that mathematically describes the I-V characteristic of the ideal photovoltaic cell is: 

𝐼 = 𝐼𝑝𝑣,𝑐𝑒𝑙𝑙 − 𝐼0,𝑐𝑒𝑙𝑙[exp (
𝑞𝑣

𝑎𝑘𝑇
) − 1]                       (1) 

where Ipv, cell is the current generated by the incident light (it is directly proportional to the Sun irradiation) , Id 

is the Shockley diode equation, 𝐼𝑜,cell [A] is the reverse saturation or leakage current of the diode [A], q is the 

electron charge [1.60217646× 10−19 C], k is the Boltzmann constant [1.3806503× 10−23  J/K], T [K] is the 

temperature of the p-n junction, and a is the diode ideality constant. Fig. 2 shows the I-V curve originated from 

(1). 

V V V
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Figure.3. Characteristic I-V curve of the photovoltaic cell. 

 

The net cell current I is composed of the light-generated current Ipv and the diode current Id. 
 

𝐼 = 𝐼𝑝𝑣 − 𝐼0 [exp (
𝑉+𝑅𝑠𝐼

𝑉𝑡𝑎
− 1)] −

𝑉+𝑅𝑠𝐼

𝑅𝑃
                       (2) 

Where Ipv and I0 are the photovoltaic and saturation currents of the array and Vt = NskT/q is the thermal voltage 

of the array with Ns cells connected in series. Cells connected in parallel increase the current and cells connected 

in series provide greater output voltages. If the array is composed of Np parallel connections of cells the 

photovoltaic and saturation currents may be expressed as: Ipv=Ipv,cellNp, I0=I0,cellNp. In (2) Rs is the equivalent 

series resistance of the array and Rp is the equivalent parallel resistance. This equation originates the I-V curve 

seen in Fig. 3, where three remarkable points are highlighted: short circuit (0, Isc), maximum power point (Vmp, 

Imp) and open-circuit (Voc, 0). 

Eq. (2) describes the single-diode model presented in Fig. 3. The nominal open-circuit voltage Voc,n, the nominal 

short-circuit current Isc,n, the voltage at the maximum power point Vmp, the current at the maximum power point 

Imp, the open-circuit voltage/temperature coefficient KV , the short-circuit current/temperature coefficient KI , 

and the maximum experimental peak output power Pmax.  

The light generated current of the photovoltaic cell depends linearly on the solar irradiation and is also influenced 

by the temperature according to the following equation. 

 

𝐼𝑝𝑣𝑐𝑒𝑙𝑙 = [𝐼𝑝𝑣,𝑛 + 𝐾1∇𝑇](
𝐺

𝐺𝑁
)                                    (3) 

Where Ipv,n [A] is the light-generated current at the nominal condition (usually 25 ◦C and 1000W/m2), ∇T = T – 

Tn (being T and Tn the actual and nominal temperatures [K]), G [W/m2] is the irradiation on the device surface, 

and Gn is the nominal irradiation. The diode saturation current I0 and its dependence on the temperature may be 

expressed by (4)  
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𝐼𝑜 = 𝐼𝑜,𝑛 (
𝑇𝑛

𝑇
)exp(

𝑞𝐸𝑔

𝑎𝐾
(

1

𝑇𝑛
−

1

𝑇
))                                  (4) 

 
Where Eg is the band gap energy of the emiconductor (Eg≈1.12 eV for the polycrystalline Si at 25 ◦C  and Io,n 

is the nominal saturation current: 

𝐼𝑂 =
𝐼𝑠𝑐𝑛+𝐾𝑖∇𝑇

(
𝑉𝑜𝑐+𝐾𝑣∇𝑇

𝑎𝑣𝑇
)−1

                                                   (5) 

With Vt,n being the thermal voltage of Ns series-connected cells at the nominal temperature Tn. In this paper the 

nominal saturation current I0,n is indirectly obtained from the experimental data through (5), which is obtained 

by evaluating (2) at the nominal open-circuit condition, with V = Voc,n, I = 0, and Ipv≈ Isc,n. 

 
III. FLY BACK CONVERTER 

Fly-Back Converter: 
The fly back converter is used in both AC/DC and DC/DC conversion with galvanic isolation between the input 

and any outputs. More precisely, the fly back converter is a buck-boost converter with the inductor split to form 

a transformer, so that the voltage ratios are multiplied with an additional advantage of isolation. When driving for 

example a plasma lamp or a voltage multiplier the rectifying diode of the boost converter is left out and the device 

is called a fly back transformer. The two configurations of a fly back converter in operation. In the on-state, the 

energy is transferred from the input voltage source to the transformer (the output capacitor supplies energy to the 

output load). In the off-state, the energy is transferred from the transformer to the output load (and the output 

capacitor). 

 
 

Figure.4. Fly Back Converter. 

Fly-back converter is the most commonly used SMPS circuit for low output power applications where the output 

voltage needs to be isolated from the input main supply. The output power of fly back type SMPS circuits may 

vary from few watts to less than 500 watts. The overall circuit topology of this converter is considerably simpler 

than other SMPS circuits. In respect of energy-efficiency, fly-back power supplies are inferior to many other 

SMPS circuits but its simple topology and low cost makes it popular in low output power  range. The commonly 

used fly-back converter requires a single controllable switch like, MOSFET and the usual switching frequency is 

in the range of 100 kHz. A two switch topology exists that offers better energy efficiency and less voltage stress 

across the switches but costs more and the circuit complexity also increases slightly.  

Proposed Interleaved Fly back Converter: 

The fly back converter was selected as a single stage topology that can boost the low PV panel voltages (20-45 

VDC) to a step-up pulsated DC output, as well as provide galvanic isolation from the PV panel and the Load. 

Now Fly back converters are generally used in low power, step-up applications, typically less than a couple 

hundred watts and that have a low output current. A forward converter can also step up the PV panel voltage and 

provide galvanic isolation.  

 
Figure.5. Block Diagram of Interleaved Fly back Converter. 

When comparing other topologies, the fly back converter requires fewer components as there is no freewheeling 

diode on the output or the need for an output inductor; this is why the fly back topology was selected. The fly 

back MOSFET (Q1) is conducting and the P-Channel clamping MOSFET is open. the voltage across the output 

of Transformer (IP1) is negative. During this time, the output capacitor delivers the required energy to the load. 

The inductor ripple current can be defined by (6). 
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𝐼𝐿 =
𝑉𝑝𝑣.(

𝑑

𝑓𝑠𝑤
)

𝐿𝑚
                                                                   (6) 

The instant from when MOSFET Q1 turns off, to when MOSFET Q2 starts conducting. This is referred to as dead 

time. This interval can be broken into two parts. The first part is the instant directly after MOSFET Q1 turns off 

to the clamping of the drain to the source voltage of MOSFET Q1. When MOSFET Q1 transitions off, the current 

flowing in the circuit from the leakage inductance continues to flow in the same direction, which charges the 

Output Capacitance (Coss) of MOSFET Q1. This current will charge Coss to the PV module input voltage, plus 

the reflected rectified output voltage (PVinput + Vout/N,where N is the transformer turns ratio). During this time 

the voltage across the transformer secondary becomes positive. The energy stored in the core is transferred to the 

secondary, which charges the output capacitor and provides energy to the load. It takes place after Coss has been 

charged and continues until the instant before turning on the P-Channel MOSFET (Q2).  

 The leakage inductor and clamping capacitor begin to resonate with the energy transferring from the inductor to 

the clamping capacitor. (7)Determines the resonant frequency of the clamping network. The interval ends when 

the energy from the inductor depletes. 

𝑓𝑟 =
1

2𝜋√𝐿𝐿𝑒𝑎𝑘𝑎𝑔𝑒.𝐶𝐶𝑙𝑎𝑚𝑝
                                              (7) 

The energy stored in the inductor and the energy required to charge Coss can be calculated by(8a&b)and where 

Ipk can be calculated by (9). 

𝐸𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟 =
1

2
𝐼𝑝𝑘

2 𝐿𝐿𝑒𝑎𝑘𝑎𝑔𝑒                               (8.a) 

𝐸𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 =
1

2
𝑉𝐶

2𝐶𝑐𝑜𝑠𝑠                                    (8.b) 

𝐼𝑃𝐾 =
𝑃𝑂𝑢𝑡

2𝑛
√2

𝑉𝑚𝑚𝑝.𝑑
+

𝐼𝐿𝑅𝑖𝑝𝑝𝑙𝑒

2
                                     (9) 

With the specification provided, the required turns ratio of the transformer can be determined by (10). 

𝑁 =
𝑉𝑜𝑢𝑡

𝑉𝑝𝑣
(

1−𝐷

𝐷
)                                                    (10) 

 

IV. SIMULATION CIRCUIT AND RESULTS 

The proposed system as shown in Figure (6) is simulated using PSIM software. Table (1) shows the simulated 

system specifications. Figure (11&12) shows simulation result of output voltage 228V and output current2.28A, 

output power is 520 W, sunlight radiations. Figure (10) shows pulses of fly back converter switches S1 and S2. 

Figure (13&14) shows the primary current of transformer, as shown the current has a shape like a rectified sine 

this is due to sinusoidal modulation, the average value of the IP1 & IP2 currents are 50% of the total current. 

Figure(10) shows the PV output power is 600W. As shown in Figure (7) the output voltage of the PV panel is 

Vin=30 V, Which is not pure dc voltage it has ripple value. However, any voltage ripple on the dc link will create 

distortion on the output current waveform, and increase the total harmonic distortion (THD). Using a large 

electrolytic capacitor (Cdc=2μF) at the input is a simple method for power decoupling in fly back type converter. 
Simulated parameter  Designed value  

Input Voltage range 28-30 V  

Maximum input power  600W  

Decoupling Capacitor  3 μ F / 240V  

Modulation Index 1 

Maximum Output Power  520W  

Output Voltage  228V DC  

Table 1. Simulation parameters. 
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                                    Figure (6): Proposed system simulation using PSIM Circuit Diagram.

 
 

 
Figure (7): Proposed PV system simulation 

using PSIM V-I Characteristics. 

 
Figure (8): Proposed PV system simulation 

using PSIM P-V Characteristics.

 
Figure (9):  PV system Output Voltage. 

 
Figure (10): Switches pulses (a) Switch S1 

pulses. (b) Switch S2 pulses. 

 
Figure (11): Load Side Out Put Voltage using 

Fly back converter. 

 
Figure (12): Load Side Out Put Current using 

Fly back converter. 
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Figure (13): Transformer side Primary Current 

(IP1&IP2) 

 
Figure (14): PV out Put Current during Fly 

Back converter Operation. 
 

V. CONCLUSION: 

In this paper a single-stage interleaved fly back converter operating and the step-by-step procedure for modeling the PV 

module is presented. This mathematical modeling procedure serves as an aid to induce more people into 

photovoltaic research and gain a closer understanding of I-V and P-V characteristics of PV module. Here we can 

say that the DC-DC interleaved fly back converter scheme can be a viable solution for medium-power dc module 

application. Design issues, both for the power scheme and the control scheme, have been identified. The output 

power quality at Rated power level is satisfactory comparing with other DC-DC converter using PV panel. The 

suggested interleaved fly back converter has high efficiency, galvanic isolation, minimizing the leakage currents, 

high reliability and low cost due to single stage of dc-dc conversion. 
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