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HIGH STEP–UP DC––DC CONVERTER FOR AC
PHOTOVOLTAIC MODULE WITH MPPT CONTROL
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This paper presents the high gain step-up BOOST converter which is essential to step up the low output voltage from PV
panel to the high voltage according to the requirement of the application. In this paper a high gain BOOST converter with
coupled inductor technique is proposed with the MPPT control. Without extreme duty ratios and the numerous turns-ratios
of a coupled inductor this converter achieves a high step-up voltage-conversion ratio and the leakage energy of the coupled
inductor is efficiently recycled to the load. MPPT control used to extract the maximum power from PV panel by controlling
the Duty ratio of the converter. The PV panel, BOOST converter and the MPPT are modeled using Sim Power System
blocks in MATLAB/SIMULINK environment. The prototype model of the proposed converter has been implemented with
the maximum measured efficiency is up to 95.4% and full-load efficiency is 93.1%.
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1 INTRODUCTION

Photo-voltaic power generation is becoming commer-
cial success across worldwide. So that a high step-up
BOOST converter is essential to step up the low voltage
from photo-voltaic panel to high voltage as required by
the applications (load or grid). Researchers are round the
clock to develop better BOOST converter with MPPT
and efficient control mechanism. The challenge of the
project and the new area of study were the motivations
behind the project.

Photovoltaic (PV) power-generation systems are be-
coming increasingly important and prevalent in distribu-
tion generation systems. A conventional centralized PV
array is a serial connection of numerous panels to obtain
higher dc-link voltage for main electricity through a dc–
ac inverter. Unfortunately, once there is a partial shadow
on some panels, the system’s energy yield becomes sig-
nificantly reduced. The power capacity range of a single
PV panel is about 100 W to 300 W, and the maximum
power point (MPP) voltage range is from 15 V to 40 V,
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. 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. Fig. 1. Shows in the block diagram.

The dc–dc converter requires large step-up conversion
from the panel’s low voltage to the voltage level of the
application. The control circuit comprises of MPPT to
extract maximum power from PV-panel, Thus the Per-
turb and Observe (P,O) MPPT method is used to con-
trol the duty ratio of BOOST converter due to which the
PV panel operates at MPP and high power conversion

ratio is achieved. Hence high efficiency of the converter is
obtained.

Earlier, various converters for high step-up appli-
cations has included analyses of the switched-inductor
and switched-capacitor types [5]; ultra gain switched-
capacitor type [1]; and the boost type integrated with
sepic converter [3], these converters by increasing turns
ratio of coupled inductor obtain higher voltage gain than
conventional boost converter. Some converters success-
fully combined boost converters with coupled inductor,
since various converter combinations are developed to
carry out high step-up voltage gain by using the coupled-
inductor technique [1–7]. The efficiency and voltage gain
of the dc–dc boost converter are constrained by either
the parasitic effect of the power switches or the reverse
recovery issue of the diodes. In addition, the equivalent
series resistance (ESR) of the capacitor and the parasitic
resistances of the inductor also affect overall efficiency.

The modeling of PV panel and the MPPT control is
presented in [8–16]. The proposed converter attains high
gain by efficiently utilizing the coupled inductor and re-
cycling the leakage inductors energy and MPPT controls
the duty ratio of the BOOST converter to extract the
maximum power from PV panel.

High gain is attained in continuous conduction mode
(CCM) operation in [5]. So the proposed converter is
analyised in CCM mode.

2 PROPOSED BOOST CONVERTER

The proposed BOOST converter has a coupled induc-
tor with floating active switch is used to attain high gain
and high power conversion ratio and also to achieve high
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Fig. 1. A structure of BOOST converter with PV panel and MPPT
control

S1 T1 N1

N2 D2

D1

D3

C1

C2

C3 R V0

Vin

+

+

Fig. 2. Circuit configuration of proposed converter
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Fig. 3. Polarity definitions of voltage and current in proposed
converter

efficiency without switching stress and power loss is pro-
posed.

The proposed converter, shown in Fig. 2, is comprised
of a coupled inductor T1 with 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 leak-
age inductor energy from N1 . 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 its output capacitor C3 . The pro-
posed 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 non-
operating conditions, which enhances safety.

The simplified circuit model of the proposed converter
is shown in Fig. 3. 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 following assumptions are made.

1) All components are ideal, except for the leakage in-
ductance of coupled inductor T1 , which is being taken
under consideration. The on-state resistance RDS(ON)

and all parasitic capacitances of themain switch S1 are
neglected, as are the forward voltage drops of diodes
D1 ∼ D3 .

2) The capacitors C1 ∼ C3 are sufficiently large that
the voltages across them are considered to be constant.

3) The ESR of capacitors C1 ∼ C3 and the parasitic
resistance of coupled inductor T1 are neglected.

4) The turns ratio n of the coupled inductor T1 wind-
ings is equal to N2/N1 .

The operating principle is analysied only in continu-
ous conduction mode (CCM) because high gain of the
proposed converter is achieved in CCM and its opera-
tion is presented in detail. Fig. 4. Shows the waveforms
of BOOST converter in CCM operation. The operating
modes are described as follows.

2.1 Charging Mode

In this mode of operation; the switch is closed and
the inductor is charged by the source through the switch.
The charging current is exponential in nature but for
simplicity is assumed to be linearly varying. The diode
restricts the flow of current from the source to the load
and the demand of the load is met by the discharging of
the capacitor.

2.2 Discharging Mode

In this mode of operation; the switch is open and the
diode is forward biased. The inductor now discharges and
together with the source charges the capacitor and meets
the load demands. The load current variation is very small
and in many cases is assumed constant throughout the
operation.

3 PV CELL MODELING

A solar PV cell is the building block of a solar panel. A
photovoltaic module is formed by connecting many solar
cells in series and parallel. Series connections are respon-
sible for increasing the voltage of the module whereas the
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Fig. 4. Waveforms of boost converter
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parallel connection is responsible for increasing the cur-
rent in the array. Considering only a single solar cell; it
can be modeled by utilizing a current source, a diode and
two resistors. This model is known as a single diode model
of solar cell. Two diode models are also available but only
single diode model is considered here [8, 12, 14].

In this model we consider a current source (I ) along
with a diode and series resistance (Rs ). The shunt re-
sistance (RSH) in parallel is very high, has a negligible

effect and can be neglected. The output current from the
photovoltaic array is

I = Isc − Id (1)

where

Id = Io(eqVd/kT − 1) (2)

where Io is the reverse saturation current of the diode, q
is the electron charge, Vd is the voltage across the diode,
k is Boltzmann constant (1.38×10−19J/K) and T is the
junction temperature in Kelvin (K).

From (1) and (2)

I = Isc − Io(eqV d/kT − 1) . (3)

Using suitable approximations

I = Isc − Io(eq((V + IRs)/nkT )− 1) (4)

where I is the photovoltaic cell current, V is the PV cell
voltage, T is the temperature (in Kelvin) and n is the
diode ideality factor.

The I−V and P−V curves for a solar cell are given in
the following figure. It can be seen that the cell operates
as a constant current source at low values of operating
voltages and a constant voltage source at low values of
operating current. Solar cells are current source which
produces the flow of electrons due to photo effect and
produces the potential difference. Figure 6 shows the P−
V and I−V curve.

4 MPPT CONTROL ALGORITHM

A typical solar panel converts only 30 to 40 percent of
the incident solar irradiation into electrical energy. Max-
imum power point tracking technique is used to improve
the efficiency of the solar panel.

According to Maximum Power Transfer theorem, the
power output of a circuit is maximum when the Thevenin
impedance of the circuit (source impedance) matches
with the load impedance. Hence our problem of track-
ing the maximum power point reduces to an impedance
matching problem.

In the source side we are using a boost convertor con-
nected to a solar panel in order to enhance the output
voltage so that it can be used for different applications like
motor load. By changing the duty cycle of the boost con-
verter appropriately we can match the source impedance
with that of the load impedance. The various MPPT tech-
niques are discussed in [9–11, 13, 15, 16].

There are many methods used for maximum power
point tracking a few are listed below:

• Perturb and Observe method

• Incremental Conductance method

• Current sweep method

• Constant Voltage method
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• Constant Current method

Thus from the above methods perturb and observe
(P&O) method is the most frequently used algorithm to
track the maximum power due to its simple structure and
fewer required parameters. So, our analysis is only focused
on P&O MPPT method. We use only this technique to
track the maximum power point.

This method is the most common. In this method very
less number of sensors are utilized. The operating volt-
age is sampled and the algorithm changes the operating
voltage in the required direction and samples dP/dV . If
dP/dV is positive, then the algorithm increases the volt-
age value towards the MPP until dP/dV is negative. This
iteration is continued until the algorithm finally reaches
the MPP. Thus the characteristic PV panel power curve
is shown in Fig. 7. Thus by perturb and observe method
MPP is reached.

The basic operating procedure of P&O method. In
a fixed period of time, the load of the PV system is
adjusted in order to change the terminal voltage and
output power of the PV modules.

The variations of the output voltage and power before

and after changes are then observed and compared to ref-

erence for increasing or decreasing the load in the next

step. If the perturbation in this time results in greater

output power of PV modules than that before the vari-

ation, the output voltage of PV modules will be var-

ied toward the same direction. Otherwise, if the output

power of PV modules is less than that before variation,

it indicates that the varying direction in the next step

should be changed. The maximum output power point of

a PV system can be obtained by using these iterative

perturbation, observation and comparison steps. The ad-

vantages of the P&O method are simple structure, easy

implementation and less required parameters.
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The flowchart of perturb and observe (P&O) method

MPPT algorithm is shown as Fig. 8. The MPP tracker
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Table 1. Ouput Voltage obtained from PV Panel at Standard Test Conditions

Sample Insolation Voltage Current Output voltage
No. PV panel type level at test rating rating of PV panel

(kW/m2 ) (V) (A) (V)

1
Monocrystaline

Silicon panel
1000 20 4.45 38-40

2
Monocrystaline

Silicon panel

20 ms/div

100 V/div

Fig. 10. Output voltage from proposed BOOST converter

operates by periodically incrementing or decrementing
the solar array voltage. If a given perturbation leads to
an increase (decrease) the output power of the PV, then
the subsequent perturbation is generated in the same
(opposite) direction. In Fig. 8, set Duty out denotes the

perturbation of the solar array voltage, and Duty+ and
Duty− represent the subsequent perturbation in the same
or opposite direction, respectively.

In P&O method the voltage and current values is ob-
tained from PV panel and these values are used to control
the Duty ratio (D) of the BOOST converter to extract
maximum power from the PV panel. The value of dP/dV
is incremented and decremented by controlling the Duty
ratio of the BOOST converter MOSFET switch in order
to operate at MPP and to attain the high voltage gain.

5 SIMULATION RESULTS

A 100 W prototype sample is presented to verify the
practicability of the proposed BOOST converter. The
electrical specifications are Input voltage= 10 V, Output
voltage= 140–150 V, fS = 50 kHz, and full-load resis-
tance R = 400Ω. The major components required are
C1 = C2 = 47µF and C3 = 220µF. The turns ratio
n = 5, the duty ratio D is derived as 55%.

The actual inductance of magnetizing inductor Lm of
the coupled inductor is 30.54µH, which is larger than
boundary magnetizing inductance 24.75µH. Figure 10

shows voltage and current waveforms, which are mea-
sured from active switch S1 , diodes D1 , D2 , and D3 ,
and the current waveforms of C1 and C2 .

The PV panel is connected to supply the proposed
BOOST converter the high gain and high voltage con-
version is obtained around 10–15 times increase from the
PV panel low voltage to the high voltage required by the
application.

Output from the PV panel is obtained by connecting
two 20 V panel in series to obtain 40 V, as presented in
Tab.1.

The output of 40 V from PV panel is given as input
to the proposed BOOST converter which is stepped-up
to 380–400 V given to load or grid is shown in Fig. 10.

The equivalent circuit of PV panel is used for its simu-
lation, proposed BOOST converter is simulated using the
blocks, MPPT control is simulated from its flowchart.

The PV panel, proposed BOOST converter and per-
turb and observe method MPPT is simulated in MAT-
LAB/SIMULINK using Powerlib and Sim power system
blocks.

6 CONCLUSION

A High step-up BOOST converter with MPPT control
is presented. It achieves a high step-up voltage gain. Since
the energy of the coupled inductor’s leakage inductor has
been recycled, the voltage stress across the active switch
S1 is constrained. Thus, improvements to the efficiency of
the proposed converter have been achieved. Using MPPT
maximum power is extracted from PV panel and the Duty
ratio of the BOOST converter is efficiently controlled by
MPPT. From the prototype converter, the turns ratio
n = 5 and the duty ratio D is 55%. Thus, without ex-
treme duty ratios and turns ratios, the proposed converter
achieves high step-up voltage gain, of up to 13 times the
level of input voltage. The residential energy is effectively
eliminated during the non-operating condition, which en-
hance the safety and protect the system and technicians.
The simulation result of a 40 V input voltage (from PV
panel) to 380–400 V output voltage is obtained by us-
ing MATLAB/SIMULINK environment. The experimen-
tal results show that the maximum efficiency is up to
95.4%.
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