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Abstract- This paper presents the output voltage control and execution of a novel non-isolated high step-up (NIHS) DC-

DC converter connected to a solar photovoltaic (PV) based DC microgrid system. The proposed converter provides a 

high output voltage conversion ratio over smaller duty cycles, small inductors, low cost, and high efficiency to enhance 

the level of the generated voltages of PV. Also, to overcome the drawback of PV, the detailed operation of maximum 

power point tracking (MPPT) for the novel boost DC-DC converter topology is presented. A control algorithm, 

modified perturb and observe (MP&O), is put forward to assure that the maximum power is extracted from PV at any 

environmental condition. It regulates the output voltage of the PV system to the desired DC bus voltage. This technique 

is compared with the Incremental Conductance (INC) and conventional P&O algorithm in terms of their computational 

complexity and oscillations near maximum power point (MPP) using MATLAB & Simulink. The focus is on the 

continuous conduction mode of the proposed converter. To demonstrate the effectiveness of the proposed converter, 

operation modes, and technical analysis are conducted. Also, the experimental results of a 200 W-12V/120V, 25 kHz 

prototype are given and discussed to justify the suggested converter. 

Keyword: High Step-up Boost Converter, Switched-Inductor, DC Microgrid, Maximum power point tracker (MPPT), 

Perturb and Observe (P&O) technique, Incremental Conductance (INC). 

 

NOMENCLATURE 

CCM  Continuous conduction mode 

CSIBC Conventional SIBC 

CCMP&O Current control modifier perturbation and 

observation  

DC  Direct current 

EV Electric vehicle 

FOCV Fractional open circuit voltage 

INC Incremental conductance 

IBC Interleaved boost converter 

MP&O Modified perturb and observe 

MPPT  Maximum power point tracker 

MPP  Maximum power point 

MSCBC Modified switched capacitor boost cell 

MSIBC Modified switched inductor boost cell 

NIHS Non-isolated high step-up 

P&O Perturb and observe 

SC Switched capacitor 

SI Switched inductor 

SCC Switched capacitor converter 

SIC  Switched inductor cell 

SIBC  Switched inductor boost cell 

 

1.  INTRODUCTION 

Recently, direct current (DC) microgrids gained more 

concentration because of the high efficiency, 

uncomplicated interconnection of renewable sources, 

and increase in DC loads. The merits and features such 

as reducing the negative impact of fast charging of EVs 

on the power grid, higher reliability, and efficiency, 

simple control strategies and no need for 

synchronization due to the absence of frequency are 

incentives for the researchers and industries to research 

and investment in the DC-microgrids. Also, DC 

Microgrid has a promising future due to its better 

adaptability with PVs and fuel cells. Among renewable 

energy sources, solar PV plays a crucial role in DC 

microgrid systems for its high reliability, non-polluting, 

and minimum maintenance and cost. PV systems are a 

free, infinite, and environmentally friendly energy 

source. Also, it requires comparatively low 

maintenance, and it has a long life span compared to 

other renewable sources [1], [2]. As a result, it has 

become a popular way of generating electricity. 

However, low conversion efficiency, high power 

generated cost, and intermittency are the main 

drawbacks of solar PV modules. The conversion 

efficiency is less than 17% and the output power of PV 

cells changes with weather conditions [3].  
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Furthermore, the characteristics of PV cells (I-V or 

V-P) are not linear and depend on insolation and 

temperature. Therefore, to ensure that the maximum 

power is extracted from the PV panels, an MPPT 

controller is required. The dynamic response speed of 

MPPT is crucial under some instantaneous 

environmental conditions changing. Because of this, 

numerous techniques such as traditional and intelligent 

control algorithms have been proposed in the literature.  

Perturb & Observe (P&O), Incremental Conductance 

(INC), the constant voltage, Fractional Open Circuit 

Voltage are the traditional control methods. In contrast, 

artificial neural networks, particle swarm optimization, 

and fuzzy-logic [4-5] are the intelligent methods which 

artificial neural networks (ANN) and fuzzy logic (FL) 

techniques are the most widely used MPPT methods in 

the literature [6]. These methods are very sensitive and 

consume significant computational resources. Intelligent 

methods perform exceptionally well in nonlinear 

systems [7]. The most common MPPT algorithms are 

INC and P&O due to their high accuracy, simplicity and 

rapid response time. INC MPPT algorithm with integral 

regulator has been proposed in [8] to maintain the 

system’s response more rapid and accurate. A PV 

system with MPPT based on self-predictive incremental 

conductance (SPInC) has been developed in [9]. SPInC 

algorithm outperforms the classical INC, and the output 

power has a minimal ripple. In [10] the algorithm of 

CCMP&O−FLC MPPT has been applied to reduce the 

setting time and to reduce oscillation around the set-

point at a steady state. 

Also, power electric converters are the core part of 

PV sources. DC-DC converter role is the extraction of 

the maximum available power from the PV panels by 

controlling the switching devices in this converter [11]. 

The design and manufacture of converters with essential 

criteria such as high efficiency, high voltage gain, 

simple structure and control, and low voltage stress on 

switches and diodes, are performed by researchers and 

industries. In conventional boost converter high voltage 

gain can be achieved by adjusting the duty cycle which 

creates high voltage stress on switch and high inductor 

current ripples. Also, it creates high conduction loss 

which impacts on the conversion efficiency. 

Accordingly, many different isolated and non-isolated 

DC-DC converter topologies addressed with utilizing an 

SC, SI, Z source, Y-Source, voltage multiplier, and 

Quasi Z source for unidirectional and bidirectional DC-

DC converters. The NIHS DC-DC converter 

configurations due to higher conversion ratios, high 

power, low volume, low weight, and low voltage stress 

across switches replace the conventional DC-DC 

converters and isolated converters. For increasing the 

voltage gain at a limited duty cycle in the non-isolated 

converter, coupled inductor [12], Interleaved Boost 

Converters (IBCs) [13], switched capacitor converter 

(SCC) [14-15], switched inductor cell (SIC) [16-17], 

quadratic boost converter [18-19], multilevel boost 

converter [20] are recommended. Each of these 

converters has its specific merits and demerits, 

depending on the operating circumstances and 

specifications. Boost converters integrated with 

switched inductor boost cells (SIBC) and switched 

capacitor (SC) are convenient ways to increase the 

output voltage gain [21-23]. In [22] voltage stress across 

active switches has been reduced and in [23] voltage 

gain has been improved in low duty cycle. However, the 

main disadvantage of these converters are its 

complicated control algorithm and these modifications 

have not led to a significant increase in voltage gain. 

Also, the voltage regulation and efficiency of these 

converters is not acceptable [21], [22]. By integration of 

SC circuit with coupled inductor converters in [23], the 

discontinuous input current has been removed. 

However, an additional passive clamp circuit must be 

added to eliminate the leakage inductive energy of the 

coupled inductors, which causes voltage spikes on the 

semiconductors. In [24, 25] the integration of SI and SC 

converters has been reported. It results in enhancing the 

voltage conversion ratio and reducing the voltage stress 

on the devices. However, its practical applications are 

restricted by high output ripple and a large number of 

semiconductors.  

Therefore, this article suggests incorporating the 

modified switched capacitor boost cell (MSCBC) and 

MSIBC. In the proposed DC-DC converter, inductors in 

MSIBC leads to improve voltage gain and reduction of 

voltage stress on the switch and diodes. The energy 

stored in the inductor is used to charge the capacitors in 

parallel when the switch is OFF. Therefore, the 

regulated output voltage can be obtained by adjusting 

the voltage of capacitors. Also, in this topology, power 

diodes turn ON and OFF softly in the zero current 

switchings (ZCS) condition. Therefore, the reverse 

recovery loss of diodes is decreased. The efficiency has 

been enhanced by decreasing reverse recovery losses in 

the diodes. The high voltage gain capability (about 13 at 

a nominal duty ratio of D=0.6) has been achieved by 

applying different gain expansion methods in the 

proposed converter. Based on the literature review and 

the problems with PV panels and traditional boost 

converters, this paper presents the configuration and 
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investigation of an efficient DC-DC boost converter 

with MPPT technology. The performance of solar 

module at 500W/m2 solar insolation and 25°C ambient 

temperature is analysed. P&O, Modified P&O (MP&O) 

and INC methods are executed and evaluated. 

The arrangement of this article is as follows: Section 

1 presents a comprehensive introduction to the 

suggested idea. In Section 2, the power converter 

configuration and technological specifications of the 

presented converter are explained. The main circuit 

parameter design and voltage stress analysis are 

presented in sections 3 and 4, respectively. The 

Performance of MPP Execution has been conducted in 

Section 5. The comparison of the INC, P&O, and 

MP&O results and experimental results from a 

prototype converter are explained in Section 6.  

2. POWER CONVERTER CONFIGURATION 

The basic structure of solar fed NIHS DC-DC converter 

for DC micro grid applications is shown in Fig. 1. The 

topology of the conventional SC is modified to 

overcome the problem of high voltage stress and power 

losses on the diodes. The elements of this topology are 

one active semiconductor switch (Q), five diodes, five 

passive capacitors, three passive inductors, one output 

diode, and one output capacitor. The MSIBC is formed 

by the composition of L1, L2, D1, D2, and CB. The boost 

capacitor (CB) in the MSIBC topology causes voltage 

stress reduction on semiconductors and increases the 

voltage gain [16]. The MSCBC is formed by the 

composition of switched capacitors (C1, C2, C3, and Cb), 

switched capacitor diodes (Dc1, Dc2, and Db). Inductor 

energy storage cell (L2) to provide energy for Cb and C2. 

2.1 Continuous conduction mode (CCM) 

In analyzing CCM mode, all elements are considered 

ideal for an easier understanding of the converter 

operation. Also, the characteristics of waveforms during 

this mode are shown in Fig. 2.  The equivalent circuits of 

the proposed converter in CCM is shown in Fig. 3. 

Mode I: Switch Q is ON: By applying the signal to 

the gate of MOSFET Q, it starts to conduct. D1 and D2 

diodes become forward biased and help to parallel 

charge of MSIBC elements (L1, L2, CB). Therefore, 

voltage source Vin supplies energy to the inductor L1, L2, 

and capacitor CB. Simultaneous, C3 charges Cb and Lb. 

Meanwhile, C1 and C2 are in series with C3, diode Do is 

ON and charging current starts to flow charging up Co. 

Finally, Co supplies energy to the load RL. The 

topological specification of this mode is shown in Fig. 

3(a). When the Q, D1, D2 are ON, L1, L2, and CB are 

parallel. Hence, the voltage of L1, L2, CB, and the output 

capacitor can be expressed as follows: 

1 2 Bin L L CV V V V
 

(1) 

1 2 3oC out C C CV V V V V
 

(2) 

Mode II: Switch Q is OFF: Fig. 3(b) shows the 

topological specification of mode II. In MISBC, diodes 

(D1 and D2) are reserved biased. The inductors (L1, L2) 

and capacitor (CB) are connected in series and 

discharged to MSCBC capacitors (C1, C2, C3). Fig. 2(a) 

shows the voltage of switch and current of inductors. As 

the voltage of Cb and C2 are equal before the switch 

conducts, during this mode voltage of Cb is more than 

C2. Therefore, diode Dc1 and Dc2 conducts and Db 

remains OFF. Dc1 is turned ON at ZCS condition and 

Dc2 turned OFF at zero current, as shown in Fig. 2(b). Lb 

charges C2 via Dc1 and also Cb discharges. When Vc2 

increases to Vcb, Db conduct, and Lb charges C2 and Cb 

in parallel; thus, their voltage will be equal. Do is 

reversed bias during this mode of operation. At steady 

state, according to the volt-second balance principle on 

L1 and Lb, we have 

31
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Then, the voltage of C1 and C2 are obtained as follow: 

1 1

2

1

in
C C

V
V V

D
= =

−  
(5) 

2 3bC C CV V V D
 

(6) 

Thus, C1, C2, and C3 are in series to supply the load 

when Q is on. Therefore, the voltage gain of the 

converter can be derived as: 

4 2

1

o

CCM

in

V D
G

V D
 

(7) 
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Fig. 1.  The topology of the proposed converter 

 
 

(a) (b) 

Fig. 2. (a)-(b) The characteristics waveform in CCM 
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Fig. 3. (a)-(b) equivalent circuits during CCM  

3. PARAMETER DESIGN GUIDELINE 

3.1. Magnetic elements selection  

In the case of a boost inductor, the maximum current 

ripple (ΔIL) is limited to 20% of the maximum average 

inductor current. In the proposed converter, inductors 

are chosen dependent on the current ripple and 

switching frequency: 

1 2
in

L s

V D
L L

I f
= =


 

(8) 

2 in
b

L s

V D
L

I f
=


 
(9) 

3.2.  Capacitor selection  

The selection of capacitors is based on the voltage ripple 

(ΔVC) and switching frequency. The size of the output 

capacitor is derived as given in Eq. (10). 

(1 )

o

o
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(10) 

The values of switched capacitors C1, C2, and CB are 

as follow: 
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Also, Cb and C3 are calculated by the following 

equation. 

b b
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Fig. 4 Flowchart of the Improved INC Algorithm 

4. VOLTAGE STRESS ANALYSIS 

The voltage stress must be determined to choose the 

proper power switch and diodes. The voltage stresses of 

the switch (Q) during CCM operation can be expressed 

as: 

2
,

(4 2 )

o
stress Q ON s

V
V T t T

D
− =  

+
 

(16) 

The voltage stress of diodes is calculated as given in 

(17)–(20): 

1 2 ,
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V
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5. PERFORMANCE OF MPP EXECUTION 

5.1. INC strategy 

One of the most important power generations is PV 

cells. These sources are made from layers or sheets of 

silicon, which change the sunlight into power electricity. 

The PV cells are connected in parallel and series to 

generate high voltage. However, PV systems need a 

boost converter to increase their output voltage. Also, 

the MPPT algorithm is used to extract the maximum 
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power of these panels. INC strategy, one of the most 

widely used MPPT methods, calculates the maximum 

power by comparing the instantaneous conductance and 

the change in conductance of photovoltaic cells. In 

comparison to P&O's algorithm, this method involves 

more computation but can follow condition variation 

more quickly. In this method, the power characteristic 

slope of the solar cell is used. Three regions are defined 

in the power curve considering the curve slope [26]. The 

INC method relies on the following equations. 

0
dP dI I

dV dV V
   −

 
(21) 

0
dP dI I

dV dV V
=  = −

 
(22) 

0
dP dI I

dV dV V
   −

 
(23) 

The flowchart of INC strategy is presented in Fig. 4. 

 
Fig. 5 Power curve search space limitation 

 
Fig. 6 Flowchart of the MP&O Algorithm 

5.2. P&O and Modified P&O strategy 

The PV module's power is varied by introducing a 

minor perturbation to the system in this algorithm. The 

previous power is compared with the measured output 

power of PV. If the output power raises, the process is 

repeated, otherwise the perturbation is inverted. PV 

module voltage is increased or decreased to determine 

whether power is increasing or decreasing. Power 

increases when voltage goes up, which means the PV 

module has its operating point on the left-hand side of 

the MPP. However, further perturbation on the right 

hand side is necessary in order to reach MPP. If, on the 

other hand, a voltage increase causes a power drop, this 

indicates that the PV module is operating on the right 

hand of the MPP. To reach the MPP, further 

perturbations are needed to the left. The P&O algorithm 

has also been modified by numerous researchers to 

address the response time problem and steady state 

oscillations [27]. MP&O restricts the search space only 

about 10% of the power curve, which reduces response 

time and minimizes steady-state oscillations. Fig. 5 

shows the P-V curve separated into three regions named 

area 1, area 2 and area 3.  Area 2 contains the maximum 

power point within a region containing only 10% of the 

PV curve, and the improved algorithm must search only 

within area 2 to find the maximum power point. 

Therefore, the algorithm's step response time can be 

reduced and steady state oscillations about the MPP can 

be eliminated. The modification in P&O algorithm is 

shown in Fig. 6.  

6. EXPERIMENTATION TEST RESULTS 

The effectiveness of the proposed converter has been 

verified by experimental results. Also, to harvest 

maximum power from the PV panel three MPPT 

method is implemented and tested by 

Simulink/MATLAB software. The structure of NIHS 

DC-DC converter, a PV unit and an MPPT controller is 

shown in Fig. 7. The proposed PV system, P–V, and the 

I–V characteristics are shown in Fig. 8. The INC, P&O 

and MP&O techniques are used for the MPPT function. 

Therefore, the switching state for the proposed DC-DC 

converter generates by the MPPT methods. The results 

of three methods are compared with each other. The 

circuit specifications and components are given in Table 

1. Mathematical models for solar panels were 

constructed based on conditions of 500W/m2 solar 

radiation and 25°C ambient temperatures. The 

simulations examined the converter's static and dynamic 

behavior.  
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Fig. 7.  The topology of the proposed converter 
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Fig. 8.  P–V and I–V characteristics at 25 °C temperature 

Table 1 The circuit specifications and components 

parameters specifications parameters specifications 

Output power 200 w Inductor Lb 470uH 

Input voltage 12 V Switch IRFP260NPBF 

Output voltage 120 V Diodes RHRG15120 

Input Current 16.67 A Diodes FFPF30U60S 

Output Current 1.67 A Capacitor CB 220uF 

Switching 
frequency 

25 kHz Capacitor C2, Cb 220 uF 

Duty cycle 0.52 Capacitor CO 680 uF 

Inductors, L1,L2 220 uH Capacitors C1, C3 220uF 
 

6.1. Comparison of converter Behavior under 

Different MPPT strategy 

This section is devoted to presenting and discussing the 

comparison simulation results. The comparison of 

converter behaviour under Different MPPT strategy has 

been studied to investigate the effectiveness of the 

presented MPPT procedure. The output voltage of PV 

and the boost converter and its zoomed version for the 

mentioned strategies are shown in Fig. 9-11 (a) and (b). 

Also Fig. 12 (a) -(c) shows the output power of the 

proposed DC-DC converter and its zoomed version for 

the mentioned MPPT algorithms. 

As can be seen, the mentioned strategies can achieve 

maximum power point tracking. The INC method finds 

the maximum power point faster than the P&O strategy. 

However, the simulation outcomes of the MP&O MPPT 

techniques can achieve the maximum power point 

tracking more quickly. Fig. 9 shows the smooth output 

of the INC algorithm which tracks the maximum power 

point by eliminating steady state oscillations about the 

MPP. In MP&O method the oscillation is smaller and 

the accuracy is higher than P&O strategy. The 

simulation results indicate the superior performance of 

the MP&O compared to the INC and P&O techniques in 

effectively and efficiently tracking the MPP with the 

high speed. The INC technique has the least steady-state 

oscillation at the MPP but this method involves more 

computation. Also, MP&O was simulated under varying 

atmospheric conditions such as irradiance to ensure 

successful implementation. The power output of PV 

under fluctuating solar irradiance is presented in Fig. 13. 

In different steps, the solar irradiance was varied from 

500 W/m2 to 100 W/m2. Both uniform and variable 

atmospheric conditions were correctly followed by the 

MP&O algorithm with a very low steady-state 

oscillation at the MPP. Under changing atmospheric 

conditions, the conventional P&O can lose the locus 

point due to so many oscillations at the MPP. 

(a) 

 
(b) 

Fig. 9. INC MPPT method results (a) output voltage of PV (b) 

output voltage of the proposed converter 

 
(a) 

 
(b) 

Fig. 10. P&O MPPT method results (a) output voltage of PV (b) 

output voltage of the proposed converter 
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(a) 

 
(b) 

Fig. 11. MP&O MPPT method results (a) output voltage of PV (b) 

output voltage of the proposed converter 

 
(a) 

 
(b) 

 
(c) 

Fig. 12. The output power (a) INC (b) P&O (c) MP&O MPPT 

method  

 
Fig. 13. MP&O MPPT result under varying atmospheric weather 

conditions 

 
(a) 

 

(b) 
Fig. 14. MPPT result under lower irradiances (G<100W/m2), (a) 

P&O (b) MP&O Strategy 

 

 
Fig. 15. MP&O MPPT result under varying the reference DC bus 

voltage 

As shown in Fig.14, MP&O can correctly follow in 

lower irradiances with a very low steady-state 

oscillation at the MPP but P&O couldn’t exactly detect 

the location of MPP. Also, if the value of the reference 

DC bus voltage changes MP&O can track the new 

reference value. Fig. 15 shows the output voltage of the 

boost converter under varying the reference DC bus 

voltage. 
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6.2 Experimentation test results 

Fig. 16 shows the photograph of the implemented 

prototype. The control circuit includes ATMEGA8 to 

control and generate switching signals and IR2110 to 

drive low side MOSFET. Fig. 17-20 shows the 

experimental results of the presented converter. Fig. 

17(a) shows output voltage of the hardware prototype. 

Based on this diagram, 120 V output voltage is obtained 

when the duty cycle is about 0.52 and Vin is 12 V. This 

diagram proves the obtained conversion ratio in Eq. (7). 

Also, there is a low output voltage ripple. 

 
Fig. 16.  The photograph of the implemented prototype 

 
(a) 

 
(b) 

Fig. 17. The waveforms of (a) the output voltage (b) the voltage 

across switch Q 

 
(a) 

 
(b) 

Fig. 18 (a) The voltage and current of DC1. (b) The voltage and 

current of DC2  

 

 

 
Fig. 19. The current of inductors L1, L2, and Lb. 

 
(a) 

 
(b) 

Fig. 20. (a) The voltage across diodes D1 and D2. (b) The voltage 

across Db and Dout 
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Table 2 The experimental results  

Parameters Values 

Vout 120 V 

VD1 24 V 

VD2 24 V 

VDb 43 V 

VDout 43 V 

VSW 43 V 

The voltage across active switch Q is presented in 

Fig. 17 (b). It shows that the voltage across the active 

switch Q is less than half of the output voltage. It 

confirms the theoretical analysis. The voltage and 

current of switched capacitor cell diodes DC1 & DC2 are 

shown in Fig. 18. Diodes DC1 and DC2 are turned on and 

OFF under ZCS conditions that cause a reduction of the 

reverse recovery loss and enhance efficiency. The 

maximum voltage of switched capacitor diodes is 

almost 47V and approximately the third of the output 

voltage. Fig. 19 demonstrates the conducting current 

through the inductances L1, L2, and Lb. The inductors L1 

and L2 are simultaneously charged and discharged, and 

their average currents are 9.3 A. The percentage ripple 

of the current throughout the inductors is close to the 

desired value, and it is low. The experimental results of 

the diodes D1, D2, Db and output diode Do are presented 

in Fig. 20 and Table. 2, which is essentially compatible 

with the theoretical computation. The voltage stress of 

the diodes D1 and D2 is nearly 24V, which is lower than 

a quarter of the output voltage. The proposed structure 

seems to be an acceptable choice for sustainable and 

renewable energies based on the theoretical analysis and 

experimental results. Some of the most important 

parameters like the high voltage gain and low voltage 

stresses across the semiconductors are considerably 

more beneficial. These parameters were achieved by the 

integration of MSCBC and MSIBC specifications. 

These terms ensure the reliability of the topology and 

cause the converter to be ready for DC microgrid 

applications such as PV. 

7. CONCLUSION 

This work aims to develop an innovative NIHS DC-DC 

converter whose duty cycle is controlled to extract 

maximum power from PV by modified P&O algorithm. 

High voltage gain, the low voltage stress on the switch 

and diodes, and ZCS are the main novelty of the 

presented converter. This converter can execute control 

algorithms efficiently because only a single active 

switch is used. Various MPPT strategies, namely, P&O, 

INC, and MP&O with a proposed converter have been 

discussed in detail. The MPPT strategies were tested 

and validated with the MATLAB/Simulink software. In 

terms of maximum power extraction, MP&O-based 

MPPT controllers provide better results than P&O and 

INC-based controllers. The MP&O controller is 

characterized by a smaller settling time, along with 

fewer steady state oscillations, when compared to P&O 

and INC controllers. Under changing atmospheric 

conditions, the MP&O can follow the locus point due to 

low oscillations at the MPP. The proposed converter and 

MPPT strategy exhibit noticeable characteristics that 

make them an excellent selection for boosting low 

voltage from solar PV and to high voltage for DC 

microgrids. The experimental results of a 200 W 

prototype were also discussed to justify the suggested 

converter. 
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