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Des gn and Implementat on of a Step-Up Power Converter for Renewable 
Resource Appl cat on 

Davood Ghaderi1 

Abstract 

Renewable energy sources including photovoltaic panels, wind turbines and fuel cells widely are 
spreading. Among all the renewable energy sources, solar power generation system tops the list. 
The first choice is the boost converter when the voltage step up is the issue. But the most important 
subject is applying an efficient structure with high gain, cheap and quick controller circuit. Our 
proposed modified boost converter (MBC) is one of such converter which consists of several cheap 
components such as diode, inductor, capacitor and power switch, which has same switching 
frequency and phase shift in comparison with conventional boost converters. The voltage gain of 
the proposed structure is very high in comparison with conventional boost converter and by 
forming a preamplifier layer, for a duty cycle of 80% by adding only two diodes, one inductor, 
and one capacitor, voltage gain is increased by 5 times compared to the classic boost converter. 
The proposed method provides the increased output voltage along with duty cycle and voltage gain 
reaches to 10 times in comparison with classic boost structure. The projected strategy has been 
verified with the help of MATLAB/SIMULINK. Also, a hardware implementation of proposed 
MBC has been done in a laboratory scale around 100W. 

Keywords: DC-DC converter, Renewable energy application, High gain, Boosting structure. 

 

1. INTRODUCTION 

Today, renewable energy sources such as solar 
energy and wind energy have become an 
alternative energy source as fossil fuels have 
shortened in a short time and the severe damage to 
the environment.  

                                                           

1 e-mail: davood.ghaderi@btu.edu.tr, Orcid: 0000-0003-2234-3453, Electrical and Electronics Engineering Department of 
Bursa Technical University, Bursa, Turkey 

However, the disadvantage of solar energy and 
wind energy is that they are affected by the natural 
conditions their efficiency changes according to 
these conditions [1], [13]. Switching mode 
resources can be used for many purposes, 
including DC-DC converters. Often, even though 
a DC source such as a battery is available, that's 
voltage is not suited to the need of the system.  
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For example, motors which are used to drive 
electric cars require higher voltages than the 500V 
field supplied with a stand-alone battery. Even if 
the batteries were used, the extra weight and space 
needed would be too large to prevent the 
practicality of the system. The solution is to use 
less battery and raise the existing voltage to the 
desired level using an amplifier-converter.  

Another problem with large or small batteries is 
that the output voltage changes when the current 
charge is depleted and the battery voltage is 
insufficient to provide power to the given power 
supply. However, if this low output level can be 
raised to the nominal level again using a boost 
converter, battery life can be extended [1-4]. 

The input to a boost converter can be a DC from a 
network inverter, as well as from many sources 
such as solar panels, fuel cells, and DC generators, 
as well as solid waste batteries. The Boost 
converter differs from the Buck converter in that 
the output voltage is equal to or greater than the 
input voltage.  

The main areas where DC-DC boost converters are 
used are; automotive applications, power amplifier 
applications, adaptive control applications, battery 
power systems, consumer electronics and 
communication applications [5-10].  

In order to reduce the component count, single 
switch quadratic boost converters commonly are 
integrated.  

There are different designing of this structure were 
proposed in [11-13].  

However, the conduction loss and switching loss 
are increased because the currents of each boost 
cell flow into only one common switch [14-17].       

Hence, soft switching technology and the 
reduction in switch voltage including zero voltage 
ZVS and zero current switching ZCS, are required 
to improve power efficiency.  

In [18], zero-voltage-switching (ZVS) operation 
was implemented to improve power efficiency, but 
an additional switch is required and the control 
circuit is complex.  

In another method to obtain high voltage gain, a 
coupled inductor can be used instead of the main 
inductor.  

The high-step-up boost converters using a coupled 
inductor were proposed in [19-20]. The turn ratio 
of the coupled inductor is utilized to adjust the 
voltage gain. However, because a high turn ratio is 
required to obtain a high voltage gain, the size of 
the coupled inductor and the conduction loss of the 
winding increase. Moreover, a snubber circuit or 
clamping circuit is needed due to the leakage 
inductance from the coupled inductor [19-20].  

This clamping circuit not only reduces the switch 
voltage stress but also provides ZVS operation. In 
[17], the passive/active snubbers were proposed by 
using additional inductors, capacitors, and diodes 
with the active switch.  

Flyback boost converter also has suggested but it 
has more losses in comparison with classic and 
quadratic boost converters because of using 
transformers [21].   

Our study is introducing a simple and cheap 
modified boost converter without any extra power 
switch with the ability to provide efficient and high 
voltage gain. In comparison with the classic boost 
converter, projected converter providing a 10 
times greater as voltage gain approximately at the 
same efficiency.  

The proposed circuit is preparing a preamplifier 
block between the input inductor and 
semiconductor switch and acts as a cascaded 
structure. 
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2. MODİFİED BOOST CONVERTER 

2.1. Small signal analysis of structure in switch 
on and off modes 

Figure 1a and 1b show a conventional and our 
proposed boost converters respectively. As can be 
seen, a boosting structure is located between the 
entrance inductor and the power switch. 

Based on switch on or off working modes, only 
one of the D1 and D2 diodes will be active in 
structure and by this way, it makes a preamplifier 
layer for boosting purposes. All small signal and 
mathematical analysis have stipulated for both 
states. 

 

(a)                                              (b) 

Figure 1 (a) Conventional and (b) Modified Boost 
structures  

       

Figure 2 Pulse Width Modulation (PWM) which is 
applied to the power switch. Per period (T) 
contains of two (0,t1) and (t1,T) intervals 

Figure 2 presents the PWM wave applying to 
the power switch in the boost converter. In this 
figure for [0,t1] and [t1, T] time intervals 
respectively Switch S1, is off and on. So, if we 
consider [t1, T] interval as DT, the [0, t1] interval 
will be (1-D) T. In another word, D is the duty 
cycle of power switch S1. 

Mode 1: For a time interval that power switch 
receives the pulse and is the short circuit, both L1 
and L2 are magnetizing. This issue will be done by 

input voltage through diode D2 and the power 
switch for L1 and from C1 and switch for L2.  

As can be seen in this mode, D1 is in off mode. 
Based on this statement currents of inductors are 
rising in the on state. As predicted the voltage 
value on capacitor C1 is discharging on L2 through 
the power switch and decreases.  

Also, the voltage on output capacitor is 
discharging on output load in this mode. The 
current value of diode D1 is zero and because of 
conducting od diode D2, its current will increases.  

Figure 3a shows the on state of the power switch 
in projected structure and figure 3b illustrates the 
simplified form of figure 3a. 

 

(a)                       (b) 

 

(c)                       (d) 

Fig. 3. State of proposed structure (a) when the 
power switch is on and (b) simplified form of the 
converter in on mode, (c) when the power switch 
is off and (d) simple view in off mode  

 

Based on these situations the current waveform 
passes through inductor L1 can be written as 
below: 

1
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1 L

V
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V
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L inL
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Also current of inductor L2 is: 
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Voltage waveform for capacitor C1 can be 
gained as: 
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And finally we can find the voltage for the 
output capacitor as equation 4: 
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So, the steady state matrix of no interval will be 
equal with equation (5): 
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Mode 2: Figure 3c and 3d illustrate the state of 
the circuit when power MOSFET is off and its 
simplified view.  

In this time interval, L1 is demagnetizing on 
capacitor C1 through D1 and D2 is in off mode. 
Also, inductor L2 is demagnetizing through the D3 
diode on output capacitor and load.  

In this time interval, as mentioned the voltage 
values on capacitors C1 and C2 will increases 
through L1 and L2 respectively. 

 Figure 4 illustrates all components conductions 
in both on and off modes of power MOSFET.  

Small signal analysis for this state also has been 
analyzed and written below. For inductor L1 we 
can calculate: 
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Also, the current waveform of inductor L2 is 
equal with: 
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Voltage waveform for capacitor C1: 
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And for C2: 
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For this time interval, steady state matrix will 
be: 
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So according to an on and off intervals of a 
PWM for proposed structure current and voltage 
waveforms for inductors L1 and L2 and capacitors 
C1 and C2 can be proposed as below equations: 
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The steady state matrix of this structure by using 
equations 1 to 14 can be written as below: 
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F gure 4  Mode of operat on of the proposed 
structur 

2.2. Voltage gain analysis of proposed modified 
boost converter 

By considering the internal resistance of 
inductors, figure 5 illustrates an approximate 
model of the proposed converter. In this model, it 
has been assumed that all inductors with internal 
resistance and power semiconductors including 

diodes and power switch have a Vx value as 
voltage drop. This value has been considered as a 
Vx value for all components for more simplicity 
and reducing the analysis complexity. Based on 
charging and discharging states of inductors, 
mathematical evaluation for the voltage gain will 
appear in two different modes. 

        

Figure 5 The equivalent circuit for the proposed 
converter by considering the internal resistances 
and components voltage drop  

State 1: voltage across inductor L1 when the 
power switch is in on and off modes:  

When power semiconductor switch is in on 
mode, the voltage across inductor L1 will be equal 
with: 
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In the above equation, D is for a time interval 
that the switch is in on mode and (1-D) is for the 
off state of MOSFET. Also, the voltage drop on 
inductor L2 for the switch on and off intervals can 
be calculated as equation (17):  
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By replacing the equation (16) into equation 
(17), the voltage gain of the proposed structure can 
be calculated: 
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As an approximate response for equation (18), 
by neglecting of Vx in a simple and close to real 
state, the output voltage and voltage gain can be 
written as equations (19) and (20). 
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And by a simple calculation the relation 
between input and output current values can be 
calculated as: 

2)1( DII ino                                                        (21) 

2.3. The des gn stages of the control c rcu t 

 

Thy key point for controller designing is finding 
an equation between the output voltage and one of 
inductors currents or capacitor voltages 
derivatives and it can be obtained from equation 
(9):  

uidv
Rdt

dv
C Lo

o 
2

)1(
1

2                             (22) 

u is the PI controller output signal and d is the 
duty cycle of PWM which will be implemented to 
power MOSFET. Equation (22) can be rewritten in 
a simpler way as: 
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Figure 6  Voltage comparison, PI control and 
PWM modulator blocks 

 

The general form of a PI controller comes from: 

s
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We can put equation (22) in a feedback loop by 
a PI controller as Figure 7. 
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Figure 7  Closed loop form of the PI controlled 
cascade boost structure 

 

The transfer function of closed loop form of this 
feedback is equal with:   
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It is easy to gain: 
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The better value for damping factor ξ is 0.707. 
Since ω0 is a pulsation, chosen less than switching 
frequency ωs to get the best response. Fırst Page 
Requırements 

3. SIMULATION RESULTS 

A group of simulation has been done in Matlab 
Simulink R2017a for evaluation and test of the 
stability of the proposed circuit.  

The input voltage for the structure has been 
fixed in 24VDC and output load value has been 
chosen as 100 ohms. Also, 50KHz as switching 
frequency has been considered.  

Simulation has done for duty cycle from 30% to 
90% and results have shown in figures 9,10 and 
11.  

Table 1 presents all components and parameters 
which have been used in the simulation. For our 
tests, we assumed the internal resistance for both 
inductors, 0.1 ohms for inductor L1 and 0.05 ohm 
for inductor L2. Figure 8a illustrates the final 
diagram of proposed converter and controller and 
as it can show a sampling has been done based on 
equation (9) for controller designing.  

This diagram is suitable for all kind of 
renewable energy sources since producing limited 
values of power because of the high efficiency of 
the projected circuit and it has been reported in 
figure 9.  

Also, figure 8b shows the implemented 
prototype. Figure 9 shows the efficiency diagram 
and has been done a comparison between 
conventional and projected prototypes.  

The most important subject that can be a reason 
of high efficiency for the new converter is its 
components especially power diodes.  

As mentioned in section 2.1, in any time interval 
of PWM, only one diode will be located in the 
current direction and will charge the inductors or 
output capacitor. 

Table 1. Particularization of the projected boost 
converter  

Parameter Value (unit) 

power 100 W 

Input voltage 24 VDC 

L1 200 uH 

R1 (internal resistance of L1) 0.1 ohm 

L2 100 uH 

R2 (internal resistance of L2) 0.05 ohm 

C1 56 uF 

C2 47 uF 

Duty cycle 30 % - 90 % 

Switching frequency 50 KHz 

 

Figure 10 shows the voltage gain for proposed 
and conventional boost circuits. Also expected and 
ideal values for different duty cycles have been 
reported in this figure.  

One of the most important issues for a boost 
converter is the converter's ability in gain 
production since voltage transfer is preferred 
rather than the current transition in all parts of 
fossil or renewable energy sources. 
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(b) 

Figure 8 proposed structure with designed 
controller block (a) in simulation and (b) 
implementation 

Figure 11 illustrates the controller performance 
and stability in producing of different voltages in 
output. For this simulation, the input supply has 
been fixed to 12VDC and the reference voltage is 
changing between 80, 100 and 120VDC.  

For our tests in order to PWM implementation 
to gate-source pins of power semiconductor 
switch, the triangle waveform has been considered 
with 50KHz frequency. 

 

Figure 9 Efficiency diagram for proposed and 
conventional structures 

Figure 11 shows the controller performance in 
the tracking of desired voltage values in structure's 
output and by changing to different voltages it can 
track and reach to these voltages only in less than 
10 ms without any undershoot or overshoot in 
signals. 

 

 

Figure 10 Voltage gain diagram for proposed and 
conventional structures in real and ideal states 
based on different duty cycles 

For a duty cycle of 50%, the projected circuit 
can produce two times more than conventional 
structure and this ratio is greater in the higher 
amount of duty cycles and in 80% and 90% this 
ratio receives to five and ten times respectively.  

It means with applying of the proposed 
converter will expect to receive to 2400VDC in 
structure's output by 24VDC in input since a 
conventional boost converter only can give 
240VDC though in the simulation we received to 
2245VDC and is a good result by considering of 
different structures results.   
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Figure 11 Tracking and output voltage of the 
proposed structure  

 

(a) 

 

(b) 

 

(c) 

Figure 12 Time delay diagrams for tracking of the 
desired voltage in the proposed converter's output 
when a change (a) from 100VDC to 80VDC, (b) 
from 80VDC to 120VDC and (c) from 120VDC to 
100VDC  

4. EXPERIMENTAL RESULTS 

A prototype with 100W has been implemented 
and figure 12,13 and 14 show the results. Input 
voltage and switching frequency have been fixed 
in 4VDC and 50KHz respectively. Inductor L1 has 
been fixed to 200uH and L2 to 100uH. Also, 
capacitor C1 value has been considered as 68uF 
and output capacitor C2 as 470uF. Figure 12 shows 
the gate source and drain source pulses of structure 
in 50 and 80 duty cycles and as we expected for 
different values of on and off intervals of power 
MOSFET, different voltages for drain-source pins 

have been obtained. Also, figure 13 illustrates the 
output voltage and gate-source voltages 
simultaneously. A fixed DC voltage has been 
gained in output. Figure 14 shows the oscillation 
of output voltage in 50% of the duty cycle. 

 

(a) 

 

(b) 

Figure 12 Gate source and drain-source voltages of 
the projected structure when the duty cycle is (a) 
50% and (b) 80% 

 

Figure 13 Proposed structure’s ability in boosting 
the input supply value 
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Figure 14 Oscillation domain of output DC voltage 
in the duty cycle of 50% and switching frequency 
of 50KHz 

5. CONCLUSION 

In this study, a high gain DC-DC converter has 
been investigated. This structure uses a 
conventional boost converter plus several cheap 
components including two power diodes, a 
capacitor, and an inductor. In any time interval of 
PWM, the circuit current will pass through an only 
one of diodes, so the efficiency of the projected 
structure is not impressed. This simple and cheap 
connection give a preamplifier specification to 
structure, so converter can give a very high gain 
compared with a conventional converter. 
Mathematical analysis and simulation show 
projected structure by 10VDC as input voltage can 
give 1000VDC in output by 90% of duty cycle 
since it is very important for renewable energy 
sources where these sources produce a very 
limited amount of power. The efficiency of the 
structure is comparable with a conventional boost 
converter by considering new components 
switching, dynamic, and frequency losses. Also, 
the controller is designed based on inductors L2 
current sampling and is performing and tracking 
the desired value of voltage in converter’s output 
in a very limited time interval.  

Some advantages of the structure including using 
only one power semiconductor switch and so no 
need for extra and complicated controller 
structure, simple and cheap components and 
ability to work in a wide range of frequencies. A 
group of simulation done in Matlab/Simulink 

2017a and results confirmed the theoretical and 
mathematical analysis. A laboratory scaled 
prototype has been implemented and verifying all 
mathematical and simulation results. Working in 
lower switching frequencies will help to decrease 
voltage and current stresses on power switches 
where a high gain application is necessary. As a 
suggestion soft switching and snubber sub-
structures can be utilizable for decreasing these 
stresses. 
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