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1Abstract—This paper introduces a new boost converter 

operating in several duty cycles with a high powered and no 

transformer design for Photovoltaic residential 

implementations. The proposed converter is performed without 

any extra power switch by a voltage pre-amplifier unit between 

the input inductor and the power switch and is derived with a 

simple structure. The designed converter provides a voltage 

gain by 38 times for the operation of 90 % of the duty cycle. 

This condition shows that the proposed converter has more 

efficient compared to the conventional boost converters. 

Besides, a higher amount of DC gain is possible by adding a 

cascade blocks connection of switched-capacitor (SC) in the 

converter’s output. The operational principles are evaluated to 

justify the utility of converter for residential PV systems in the 

study. Also, a 200 W powered prototype converter is 

implemented by applying a commercial PV panel in the 

laboratory. The experimental results confirm both the 

mathematical and simulation results. 

 

 Index Terms—Residential PV-system; Single switched 

power boost converter; Switched capacitor (SC) structure. 

I. INTRODUCTION 

The microgrids consist of solar, wind, and other 

renewable energy sources (RES), and the photovoltaic (PV)-

based residential power plants are widely used in RES-

connected grid applications. There are over two million 

residential PV power plants only in Germany, and most of 

these plants have installed in power ranges less than 5 kWp 

[1]. A boost converter circuit is required in a PV-based 

power generation system because of variable weather 

conditions [2], [3], and it is generally used to provide a 

continuous DC voltage to the input of a grid-connected 

inverter, and also to the DC loads [4], [5].  

The conventional high-powered boost converters consist 

of a transformer and a coupled inductor to obtain a high 

voltage gain in PV systems [6], [7]. Besides, the energy 

loses in the leakage inductor is a significant problem for 

boost converters having a coupled inductor. This condition 

causes high voltage stresses, and also the considerable 

switching power loses in the boost converters. different 

structures have been suggested to ravel out these troubles 

 
Manuscript received 15 January, 2019; accepted 2 April, 2019.  

This research was funded by a grant (No. 182N12) from the Scientific 

Research Projects Units of Bursa Technical University, Bursa, Turkey.  

[8]–[11].  

In the literature, the similar boost converters are 

connected in parallel in interleaved boost structures to 

overcome these issues.  

In spite of increasing the efficiency and voltage and 

current gains of the boost converters with interleaved 

topologies, using more components in converter design 

increases the total cost of the circuit.  

This study presents a modified switched capacitor boost 

converter. The main advantages of the study to the literature 

can be listed, respectively: 

 Design and implementation of a new boost converter 

consisting of a high voltage gain and no transformer; 

 The designed converter provides a voltage gain by 38 

times for the operation of 90 % of the duty cycle; 

 A useful design structure is providing high DC gain by 

connecting the switched capacitor units in the output of 

the circuit. 

The designed PV-based system is applied in real-time 

conditions to assess the compatibility of the proposed system 

with the grid. 

II. RESIDENTIAL PV-BASED POWER PLANT SYSTEM STUDIED 

In this section, the studied PV system is introduced. 

Figure 1 shows the PV-based residential power generation 

plant and the proposed boost converter in this system.  

We can design two different controllers to fix the output 

voltage of the circuit and apply this voltage to the inverter 

block by using a PV panel consists of a Maximum Power 

Point Tracking (MPPT) system, and by sampling from the 

output voltage of the proposed converter.  

This block generates an AC signal and, after passing 

through a filter, it can supply the energy of a grid. For 

modeling and real-time application purposes, 200 Wp and 

24 V solar panels are used, which are located in Bursa 

Technical University, Electrical and Electronics Engineering 

Smart Grid Applications Laboratory. 

Table I shows the technical specifications of the PV 

panels used in the developed system. The short circuit 

current and the open-circuit voltage are shown as (SC) and 

(OC) symbols. MPV and MPC are showing the maximum 

power voltage and currents for the panel, respectively. Also, 

the temperature coefficient is defined as β. 
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Fig. 1.  The studied PV system and the proposed boost converter. 

TABLE I. PV PANEL SPECIFICATIONS. 

Maximum power  200 W SC current (Isc) 5.79 A 

MPV  37.39 V OC voltage (Voc) 45.5 V 

MPC  5.33 A Number of cells 72 

β = -0.33 

 

The proposed boost converter is shown in Fig. 2. A 

preamplifier unit is used in the converter design, and it is 

connected between the MOSFET and the input inductor. 

This new structure provides a high voltage gain in the 

converter system. The second voltage gain is provided with 

a switched capacitor block connecting after the MOSFET, 

and before the load&output of the capacitor. This unit 

increases the voltage gain by two times, and it operates as a 

multiplier block. Fig. 2(a) shows this operation condition. 

 
(a) 

 
(b) 

Fig. 2.  The proposed converter with (a) one SC block and (b) extended 

blocks. 

The CPV1 is a snubber capacitor to reduce the voltage 

oscillation that is produced by the PV panel (Fig. 2) [11]. 

The switched capacitor (SC) blocks can be connected in 

series to provide a high voltage gain in the proposed 

structure. A charge-discharge connection for inductor L2 is a 

significant design in the developed boost converter, and it 

makes a connection in parallel between capacitor CL2 and 

inductor to provide the charging process. The discharge 

process is also achieved by a serial connection of these two 

components. The same connection is extended to L1. 

Fig. 2(b) shows the proposed structure with more SC blocks. 

III. PERFORMANCE ANALYSIS OF CONVERTER OPERATING 

MODES 

A. Small Signal Analysis of the Proposed Converter 

An extended analysis should be considered for both the 

preamplifier layer and the SC block separately. Vo1 is 

selected as the voltage of the drain pin of the switch to 

simplify the analysis and determinations. The MOSFET 

power switch is in the preamplifier block.  

Thus, steady-state analysis and determinations are 

considered for this block. The MOSFET power switch is 

operated in ON and OFF modes by controlling pulses in 

gate-source pins, thus [0, t1] and [t1, T], time intervals are 

determined to analyze the structure. The power switch is ON 

mode for [0, t1] interval, and it is a short circuit in the 

converter. The zero voltage is received in gate-source pins 

of the power switch for [t1, T] interval, so the MOSFET is 

disconnected and will be an open circuit (OFF mode).  

Figure 3 indicates the conditions of the ON and OFF 

modes in the proposed converter. In this section, ON and 

OFF modes are analyzed. 

Mode 1: Figure 3(a) shows magnetizing L1 and L2 for [0, 

t1] time interval. The input voltage provides this condition, 

and it is through the power switch for L1 inductor and diode 

D1, and from switch and C1 for the second inductor L2. D2 is 

in OFF mode in this condition, and the inductor currents 

increase in the ON state based on this status. Figure 4 shows 

different situations of all components for both time intervals 

to show the better explanation of the operating modes.  

The C1 capacitor voltage value is discharging on L2 

through the MOSFET and decreases. The voltage of the C2 

discharges on the load through the D0 diode. In Mode 1, the 

voltage of the output capacitor discharges on the output 

load. The current of diode D1 will increase because it is in 

conducting condition. Besides, the current of the diode D2 is 

zero. 

Figure 5 illustrates the proposed structure with only the 

preamplifier part that can show the voltage on drain-source 

pins of the power switch is considered equal with Vo1.  

In this part, the steady space calculations are done for ON 

state.  

The L1 and L2 inductors show the current waveforms, and 

C1 and Co (Vo1) capacitors indicate the voltage waveforms 
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according to the investigated conditions. 

The steady-state condition of Mode 1 can be gained as the 

equations of a matrix below, respectively: 
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Mode 2: When the MOSFET is in OFF mode, the 

condition of the circuit is shown in Fig. 3(b). 

L1 is demagnetizing on capacitor C1 through D2, and D1 is 

in off mode in this time interval. 

L2 is also demagnetizing through the D4 and D5 diodes on 

C2, and C3 capacitors.  

 
(a) 

 
(b) 

Fig. 3.  State of the proposed structure (a) when the MOSFET is ON, and 

(b) when the MOSFET is OFF. 

 
                                                                      (a)                                                                                   (b)                                                                                   

  
                                                                      (c)                                                                                   (d)                                                                                             

Fig. 4.  The operation modes of the developed converter. 
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Fig. 5.  The proposed structure with considering only the preamplifier part. 

Figure 4 shows this condition. The voltages of C1 and C2 

capacitors will increase through L1 and L2 inductors in this 

mode.  

We can write current equations in this mode for inductors 

L1 and L2 and voltage equations for capacitors C1 and Co, 

and the steady space equations as (3) and (4): 
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where d is the duty cycle applied to drive the MOSFET.  
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The Pulse Width Modulation (PWM) adjusts the ON and 

OFF states in the developed structure.  

Waveforms of capacitors C1 and C2, and the steady-state 

matrix of the structure will propose a bunch of equations that 

are presented as (5) and (6):  
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The voltage, charge, and discharge conditions of the 

capacitors are shown in Fig. 4(b), changing according to the 

MOSFET switching states. When the capacitor block (C2 

and C3) is switched, the same response is obtained, and it is 

indicated in Fig. 4(b). These two capacitors will charge and 

discharge simultaneously, as it was predictable from 

Fig. 3(a) and Fig. 3(b).  

Figure 4 shows all of the conditions of the components, 

covering waveforms of capacitor voltages and inductor 

currents. Figure 4(a) also shows the power semiconductor 

components’ conditions of topology. D1&D0 diodes are in 

ON mode, and D2& D3 diodes are in OFF mode when the 

MOSFET is ON. If the MOSFET is OFF, then D1&D0 

diodes are in OFF mode, and D2&D3 diodes are in a 

disconnected mode, respectively. 

Both inductors are magnetizing for the time interval [0, t1] 

when the MOSFET is in ON state. The inductors are 

demagnetizing, and the inductor currents reduce for OFF 

interval. Figure 4(c) shows these conditions. 

 Figure 4(d) shows the relation between the switched 

capacitors’ voltages and inductors’ currents. The voltage 

gain calculation and the operation modes of the SC block are 

evaluated in this part. The SC block located between the 

MOSFET and load in the converter to double up the drain-

source (first block) voltage. 

 The new design of the SC block consists of two 

capacitors and two diodes, and it is indicated in Fig. 2(a). 

The connection of the capacitors and diodes should be 

changed if the SC block is desired to be extended. In this 

case, it is required to be connected in forwarding bias (D4-

D5-C2-C3), and another block should be perched in reversed 

bias like (D3-D6-C4-C5) and (D7-D8-C6-C7). 

The inductor voltages and reverse and forward biased 

capacitor voltages by considering Fig. 2(a), the voltage 

equations are determined as 
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where Ts is the period of the switching frequency, and the 

VPV-Panel is the voltage value presented by the panel. 
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The SC block increase the voltage and the voltage of the 

Forward Biased Capacitor (FBC) can be determined as 
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The output voltage Vo and the DC voltage gain G can be 

determined in (10) and (11) for an N-stage SC block: 

 ( ),
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B. Assessing the Developed Converter’s Voltage Gain  

The determined model of the proposed boost converter is 

indicated in Fig. 6(a) by considering the inductors’ internal 

resistances. 

By a simple simulation, it will become clear that, for a 

boost converter, the main source of losses belongs to the 

power diodes and MOSFETs.  

Thus, the final DC gain of the proposed boost converter 

structure will not be less than the determined DC gain 

equation by considering the similar voltage drops on 

inductors, capacitors, and other power components. The 

internal resistance is considered for inductors, and a voltage 

drop indicated as a Vd value is also assumed for all power 

diodes and switches to provide the final DC gain.  

The gain value is presented by (14) in this study, and (12) 

and (13) will help to understand the voltage gain calculation 

procedure.  

Also, (15) presents the proposed converter’s DC voltage 

gain without consideration of the losses. Figure 6(a) shows 

this drop value for defined components.  

The determination of the voltage gains changes into two 

different modes according to the charge and discharge 

conditions of the inductors.  

The power switch is considered for ON and OFF modes to 

evaluate the voltage value through the inductors. 

Figure 6(b) and Fig. 6(c) show the components with the 

internal resistance in ON and OFF modes of the power 

switch, respectively. When the switch is in ON mode, RON1 

is the resistance values of the power switch in drain-source 

pins when the switch is in ON mode. 

1) State 1 

The voltage of the L1 inductor, when the power MOSFET 

is in the ON and OFF operation modes: The voltage of the 

L1 inductor, when the power switch is ON mode will be 

determined as below 
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The switch ON time interval is defined as D, and the 

switch OFF time interval is defined as (1-D) in the above 

equation. 

2) State 2 

The voltage of the L2 inductor, when the power MOSFET 

is in the ON and OFF operation modes:  The voltage of the 

L2 inductor, when the power switch is ON, and OFF modes 

will be determined as (13) 

 

1 1

1

( 2 ) ( 2 )(1 ) 0

1 2
( ) ( ).
1 1

c d c o d

o c d

V V D V V V D

V V V
D D

      

  
 

 (13) 

 
(a) 

 
(b) 
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Fig. 6.  The voltage drops and internal resistances effects developing an 

equivalent circuit of the proposed converter. 

The voltage gain of the proposed structure can be 

determined by replacing (12) into (13) 
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In equation (14), the terms Vd(4-D)/(1-D)2 can be ignored 

by considering the small values of Vd and (4-D) components 

compared with the denominator. 

The switched-capacitor block in the projected circuit 

increases the voltage DC gain by two times. Thus, the total 

voltage gain of the converter can be determined with (15) 
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C. Components’ Values Calculations 

One of the most important issues is the selection of the 
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proper components in a power circuit since the main 

resources of the power losses are the internal resistance of 

the inductors and power components like diodes and 

switches in ON and OFF states of the circuit.  

These losses can be categorized in dynamic losses since 

different levels of the current flow through these elements. 

The largest power losses can be seen on the power MOSFET 

when it works in ON state on drain-source pins resistance, 

RON. The IXTH 40N30 type of the MOSFETs is selected 

where it has a 0.085Ω as RON.  

The DESP15-06A type of diodes are selected by 

VD=1.41 V for the forward bias voltage and known as the 

fast recovery diode.  

The main criteria are the current fluctuations values in 

inductors selection. Normally 20 till 40 % of current ripples 

can be evaluated as the proper ripple value for this current. 

Since the PV array by JIYANGYIN HR-24V/200W 

specifications is used for the laboratory prototype, by 

considering the 48 VDC and 400 VDC for the input and 

output voltages of the power converter respectively, and 

0.5 A as the maximum output current, the current ripple for 

the first inductor can be obtained by (16) 

 ( )

1 ( )

(min)

0.3 1.25 .
OUT Max

L OUT Max

IN

V
i I A

V
      (16) 

Since the generated voltage by the input PV panel changes 

between 24 till 48 VDC based on temperature and 

irradiance, for 100 kHz as the switching frequency, the value 

of the first inductor can be calculated 
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Calculations should be considered for the worst working 

conditions. So by having the same current for the second 

inductor L2, by the same value of the inductor, around 1.25, 

A will be followed.  

By the theoretical calculations, by having 200 VDC for 

the point Vo1, the voltage value on the C1 can be obtained as 

100 VDC. For the fast charge and discharge of the 

capacitance, it should be selected smaller than inductors L1 

and L2. So it can be selected equal to 5 µF The value of the 

output capacitor can found by 
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If the ripple of the output voltage is considered as 1 %, for 

a 200 W and 400 VDC system, the duty cycle is changed 

around 0.52 (52 %).  

The output capacitor is selected around 260 µF. In the ON 

working station for the switch, the maximum current of IOUT 

will flow through capacitors C2 and C3 because of the serial 

path creation between the input PV array and the output 

load. These capacitors values by 1 % of fluctuation can be 

calculated by 

 ( )

2 3

0.5
5 .

100 1

OUT Max

s OUT

I
C C F

f V K
   

 
 (19) 

Also, the amount of CL2 is selected equal to 20 µF and is 

significant compared with L2.  

Based on calculations, Table II presents the components’ 

values for experimental and simulation analysis of the 

projected converter. For the experimental prototype, the 

nearest standard values are selected. 

TABLE II. COMPONENTS’ VALUES. 

Simulation Experimental 

L1 and L2 

inductors 
330µH 

L1 and L2 

inductors 
330 µH 

C1, C2, C3 

capacitors 
5µF 

C1, C2, C3 

capacitors 
5.6 µF 

CO capacitor 260µF CO capacitor 270 µF 

Input voltage 48V Input voltage 48 VDC 

Output voltage 380V Output voltage 380 VDC 

Switching 

frequency 
100KHz 

Switching 

frequency 
100 KHz 

Power 

MOSFET 

Matlab model 

(IXTQ460P2) 
MOSFET IXTQ460P2 

Power Diodes 
Matllab model 

(DESP15-06A) 
Power Diodes 

DESP15-

06A 

Output power 0-500 W Output power 200 W 

IV. RESULTS AND DISCUSSION 

A. Performance Analysis for the Projected Circuit 

Four different configuration of the Boost converter 

including the Conventional (CB), Cascaded Conventional 

(Cas-B) [2], the Proposed Boost with the Pre-Amplifier (PA-

PB) and (PA-PB) with the Switched –Capacitor (PA-PB and 

SC) blocks selected and tested by the 

MATLAB/SIMULINK for voltage gain and efficiency 

assessments.  

The facts presented in section III have been considered 

for elements selection. Under different duty cycles of the 

switch, 48 VDC and 100 till 2 kΩ for PV-side voltage and 

load values have been considered. 

Figure 7 illustrates that the gain is increasing when the 

duty cycle is greater.  

The proposed structure with SC block generates the 

greatest DC gain, and for 50 % of duty cycle, around 375 V 

is generated by this converter by 48 VDC in the input side, 

while 384 VDC for the ideal working condition is expected. 

The current waveforms for the input inductor are presented 

in Fig. 8(a) under the same input voltage and duty cycle. For 

this purpose, all these topologies are considered to generate 

different voltage gains according to their capabilities.  

For example, where the conventional boost converter 

generates the 96 VDC in its output, the proposed converter 

with the SC block produces around 375 VDC, as mentioned 

in this section.  

The highest ripples values are reported for the CB for the 

same rated power in all converters with the minimum current 

variation of 1.2 A peak to peak since 0.3 A is reported for 

the proposed structure by the same 96 VDC as output 

voltage and 1.2 A for the 375 VDC. Figure 8(b) shows the 

second inductor’s current waveforms for Cas-B, PA-PB and 

PA-PB, and SC topologies.  

This figure illustrates that the current oscillation for the L2 

inductor for both cascade and PA-PB structures 

approximately are the same. 
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Also, as can be followed, for light loads, the projected 

converter can guarantee to act in Continuous Current Mode 

(CCM), where other structures can enter to Discontinuous 

Current Mode (DCM) because, as the figure shows, the 

current becomes zero for a while for these topologies.  

 
Fig. 7.  The DC gain curves for the (CB), (Cas-B), (PA-PB) and (PA-PB 

and SC) blocks. 

 
(a) 

 
(b) 

Fig. 8.  The input currents for the CB, CasB, PA-PB, and PA-PB and SC: 

a) First and b) the Second inductor. 

Efficiency assessment has been done through Fig. 9 for 

these converters in a large band of the output powers from 

25 to 500 W.  

  

80

85

90

95

100

25W 50W 100W 200W 400W 500W

E
ff

ic
ie

n
cy

 (
%

)

Output Power (W)

Efficiency Comparison

CB

CasB

PB-PA

PB-PA and SC

 
Fig. 9.  Efficiency assessment for the CB, CasB, PA-PB and PA-PB and 

SC. 

The (PA-PB) converter presents the best results for low 

and high power values. The efficiency of the (PA-PB and 

SC) is considerable for the 50 till 200 W range of the output 

powers is considerable in comparison with all other 

structures.  

For this purpose, 48 VDC as the input voltage is 

considered for all converters, and by changing the output 

load from 100 Ω till 2 KΩ, so the different values of the 

output currents. As a result, different values of the output 

powers are gained. 

According to the results in Fig. 9, by considering the more 

SC blocks, since a larger number of the components are 

applied, a decrement for the efficiency is predictable 

compared with CB or Cas-B presented in [6]. Since the 

limited value of the power is generated by Renewable 

Energy Sources, the high gain boost converters have the 

majority of the importance to be applied.  

So, a trade-off should be done between efficiency and 

high gain applications when a boost converter is a subject. 

B. Experimental Results for the Projected Circuit 

A prototype of the proposed PA-PB and SC converter 

implemented in the laboratory. N-channel IXTQ460P2 

MOSFET and DESP15-06A diode are selected for power 

semiconductors. C1, C2, C3, and C0 are selected as 5.6 µF, 

5.6 µF, 5.6 µF, and 270 µF, respectively. 330 µH inductors 

are selected for L1 and L2.  

As mentioned in Sections II and III, two serial HR-200W-

24V solar arrays with 48 VDC input voltage in 25 degrees 

centigrade under the full load working situation and 

380 VDC output voltage, 100 kHz switching frequency and 

200 W output power, and with a full load of 100 Ω till 2 KΩ 

is considered for the laboratory tests. 

Figure 10 illustrates the experimental results for the 

proposed structure. In Figure 10(a), current waveforms of 

the circuit are presented. 

 
                             (a)                                                      (b)                        

 
                             (c)                                                      (d)                        

 
                             (e)                                                      (f)                        

Fig. 10.  a) Current waveforms of the inductors; b) Voltages on drain-

source and gate-source pins; c) Voltages on diodes D1 and D2; d) Voltages 

on drain-source and output diode DO; e) Voltages on capacitors C1 and C2; 

(f) Output and input voltages. 

As can be predicted, the oscillation of the current for input 
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inductor is higher, and the working condition of the designed 

converter guarantees to act in CCM. Figure 10(b) shows the 

voltages on drain-source and gate-source pins of the power 

MOSFET, and it illustrates that when the switch receives a 

signal in the gate pin, it goes to conduct and work as a short 

circuit component.  

Also, by considering the 380 VDC as the output voltage, 

drain-source pins can produce the half of this voltage] - 

around 140 V. Figure 10(c) shows the voltage on diodes D1 

and D2 to test the reliability of the circuit and, as can be seen, 

it confirms the mathematical analysis of the proposed 

converter that presented in Fig. 5(a) correctly, and when one 

of these diodes is short circuit, another will be in an open 

circuit situation.  

The drain-source and Diode DO voltages are presented in 

Fig. 10(d), and as we expected from Fig. 5(a) DO acts 

simultaneously with the gate-source voltage and 

asynchronous with the drain-source voltage. Figure 10(e) 

illustrates the voltages on capacitors C1 and C2.  

The voltage on the Capacitor C1 presents the quarter and 

C2 half of the output voltage. Finally, Fig. 10(f) presents the 

input and output voltages. 

V.   CONCLUSIONS 

A high gain DC-DC Boost converter, including a 

quadratic configuration in the input side and a switched-

capacitor (SC) circuit in the output side, is presented in this 

study. Compared with the classical Boost converters, higher 

reliability for the SC and stand-alone RESs based high gain 

Boost systems is reported for the 380 VDC of the output 

voltages for more efficient power transmission purposes. 

The introduced power converter includes three power 

diodes, two inductors and two capacitors in the quadratic 

side and one-two diodes and two capacitors for the SC block 

and only one power switch. Both ON and OFF states of the 

switch analyzed and the configuration of the converter under 

both working stations investigated to confirm the converter’s 

entrusting with the standalone photovoltaic array operating 

at standard test situations. 

The overall contribution of the study to the literature 

could be presented, respectively: a) A new DC-DC power 

Boost converter based on two separate sides including PA 

boosting and SC blocks is implemented for residential PV 

applications; b) The structure is that’s the ability to add more 

SC blocks in order to decrease the voltage stress on the 

power switch and power diodes for higher voltage gains; c) 

The voltage gain of the proposed structure is 2/(1 - d) times 

greater than a conventional converter, since, in an 80 % of 

duty cycle, the voltage gain is around 48 times in proposed 

converter in simulation and 50 times ideally, and in an 50 % 

of duty cycle, 4.95 times in simulation and 5 times ideally in 

the conventional converter; d) Using SC block is the 

reduction of stress on the switch components. The general 

structures of the proposed converter permits applying more 

SC layers, which obtain not only higher DC voltage gain, but 

also fewer stresses on power MOSFET; e) The converter 

topology that allows obtaining the same output voltage at a 

lower duty cycle in comparison with conventional boost 

converter, which directly leads to a reduction in general 

current levels in the converter and a limitation of dynamic 

losses and increasing the efficiency; f) The developed 

converter is highly efficient and practical for residential PV 

applications. 
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