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Abstract – In general, DC-DC converters are used for voltage 

regulation of renewable energy resources such as fuel cell and 

solar cell. The voltage obtained from the solar panel and fuel cell 

is unregulated. In order to get regulated voltage, it is needed to 

connect a DC-DC converter. In this paper, a non-inverting DC-

DC Buck- Boost converter is proposed, in which both the boost 

converter and buck converter stages are connected in cascade. 

The proposed configuration operates either in buck / boost 

operating mode. In both buck and boost operating modes, 

constant voltage is obtained with reduced ripple current. A 

phase shifted technique is used, in which size of filter 

components are reduced. The time domain simulations are 

carried out in MATLAB/SIMULINK environment to validate 

the effectiveness of the proposed configuration of the converter 

with and without PI (Proportional + Integral) controller. A 

prototype model of the converter has been developed to validate 

its performance.   

Index Terms – Buck-boost converter, MATLAB/SIMULINK, 

Non-inverting, PI controller, Regulated voltage. 

1. INTRODUCTION 

As generally recognized, the voltage obtained from the 

renewable energy resources such as solar and fuel cell is 

unregulated. The output voltage is higher or lower than the 

input voltage, it is required to connect the DC-DC Buck-

Boost converter to obtain a fixed voltage [1]. The DC-DC 

converters are widely used for power factor correction, battery 

charging and discharging, solar photovoltaic (PV) panels for 

maximum power extraction and also several energy storage 

devices such as ultracapacitor, batteries and fuel cell. The 

commonly used step-up/step-down DC-DC converter with 

single switch such as Cuk converter, SEPIC converter, Buck-

Boost converter, Fly back converter topologies exhibits high 

voltage stress on component, lower efficiency and requires 

large size of filter components such as inductor and capacitor 

[2]. In order to avoid the high component or device stress, the 

concept of two inductors connected in interleaved or parallel 

configuration has been proposed in [3], which results in less 

input ripple current and zero reverse recovery loss. Some 

authors suggest multilevel control techniques such as PWM 

control technique and hysteresis current control technique [4]. 

But the above mentioned methods do not reduce the device 

voltage stress and current stress. In order to reduce the device 

stress, to improve the efficiency, and to reduce the size of 

filter components, a cascaded configuration of buck-boost 

converter with independent switches is suggested by some 

authors [4]-[5].  

The usage of single inductor at input side with non-inverting 

buck-boost converter is suggested for low voltage 

applications. But high voltage applications require two 

inductors to be used; one at input side and another one at 

output side of the converter. The usage of double inductor 

eliminates the increased noise level, high input/output 

pulsating current, complexity to limit and control the currents 

[6]. A DC-DC buck-boost converter with magnetic coupling 

between input side inductor and output side filter inductor has 

been proposed in [7], where wide range of band width, and 

smaller size of input and output capacitors are used, but high 

value of ripple current has been obtained. To reduce the ripple 

current, two-switch tri-state buck-boost converter has been 

proposed in [8]. However, large size of boost inductor is 

preferred to reduce the ripple current. Dual mode control 

scheme has been proposed in [8], which results in 

improvement of the performance of the boost converter in 

terms of transient response and steady state efficiency of 

converter. Further, to achieve the reduced ripple contents in 

both current and voltage, and to have the faster dynamic 

response of the converter, pseudo continuous conduction 

mode has been proposed in [9]. This converter combines the 

advantages of both continuous conduction and discontinuous 

conduction modes. It can also withstand the high device 

stress. A new converter proposed with interleaved operation 

reduces both ripple current at output voltage and current 

stress, voltage stress of the device [10]. The efficiency of the 

converter is increased by synchronous rectifier technique. The 

common ground problem is resolved by non-inverting the 

polarity of output [10]. A new technique introduced in [11] 

reduces the inductive filter and capacitive filter sizes at the 

input side and output side of converter. It is done by parallel 

connection of switches in the phase which increases the ripple 

current frequency of inductor. Analysis of damping network 

has been introduced in [11]. It consists cascade connection of 
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resistor and capacitor network in parallel with capacitive 

filter. This network eliminates the internal instability of 

converter when the output current is controlled. Multi device 

technique, in which no of devices are connected per phase, 

reduces the size of filter components.  

In this work, a non- inverting multi-phase DC-DC buck-boost 

converter has been implemented. A diode and a switch are 

connected in each phase. The inductors are used at input side 

and also at output side of the converter. The proposed 

converter with reduced ripple current and voltage, low device 

stress, increased bandwidth helps to achieve the faster speed 

dynamic response of the converter. It is suitable for regulation 

purpose of renewable energy resources such as solar and fuel 

cell.  

The structure of the research work presented in this paper is 

organized in the following sequence. The proposed converter 

topology has been presented in section 2. The various modes 

of operation of the converter are explained in section 3. The 

simulation results and discussions are given in section 4. The 

prototype model of the converter is explained in section 5. 

This is followed by the conclusion in the concluding section 

6. 

2. PROPOSED CONVERTER TOPOLOGY 

The structure of proposed converter is shown in Fig. 1 and it 

consists of one switch and one diode connected in cascade per 

phase but two switches and two diodes are connected in 

parallel which reduce the size of the filter components by 

increasing the effective frequency of inductor current ripple 

and voltage ripple. The concept of phase shifting scheme of 

switches is introduced, thereby doubling the ripple frequency 

in the boost and buck inductor current ripple at the same 

switching frequency of the device, which can provide the 

higher bandwidth of the converter and also reduce the size of 

filter components. The gating signals for the proposed 

converter are shown in Fig. 2. In this proposed multi-phase 

buck-boost DC-DC converter topology, the switches are 

phase shifted by 360˚ / (n × m) where ‘m’ denotes the number 

of switches and diodes per phase and ‘n’ denotes the number 

of phases in the converter [12]-[13]. 

The voltage ripples in the capacitor filters are (n× m) times 

the switching frequency. Similarly, (n × m) times the 

switching frequency is the input ripple current frequency, 

which results in reduction of filtering components’ sizes by 

‘m’ times as that of existing single switch buck-boost 

converter. In this new proposed converter ‘n’ is selected as 2 

and ‘m’ is chosen as 2. In this proposed converter, the duty 

ratio of the switches is adjusted to get the output voltage. The 

switches S11 and S12 have 0.3 as duty ratio (DC1), and the 

switches S21 and S22 have 0.5 as duty ratio (DC2). The 

conduction diagrams for the four periods ( 1T  to 2T ,   2T  to  

3T , 3T  to 
4T , and 

4T  to 5T ) are shown in Fig. 3, Fig. 4, 

Fig. 5, and Fig. 6 respectively. 

 

Fig. 1. Proposed DC-DC Buck-Boost converter topology 

 

Fig. 2. Gating signals for the proposed converter 

Fig. 3. Conduction path for Period I 
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Fig. 4. Conduction path for Period II 

Fig. 5. Conduction path for Period III 

Fig. 6. Conduction path for Period IV 

3. MODES OF OPERATION OF PROPOSED 

CONVERTER 

The proposed converter operates either in boost mode or in 

buck mode. In boost mode of operation, the PWM (Pulse 

Width Modulation) signals are given to the switches S11 and 

S12, and the switches S21 and S22 are ON during one half cycle 

with duty ratio DC1 = 0.5. In buck mode, the switches S21 and 

S22 are controlled by PWM signals, and the switches S11 and 

S12 are OFF. Depending on the input voltage, the duty ratio of 

the switches is adjusted to get the output voltage in the range 

of 45V. In the renewable energy application, the ripple current 

must be smaller than 5% of rated value. The proposed 

converter has ripple current smaller than 3.5%. The damping 

network has been introduced in the proposed converter, which 

reduces oscillation in the output voltage. The interleaving 

technique and multiphase technique has been proposed in this 

converter, which can reduce the input voltage ripple and 

current ripple, and also the size of converter. The switching 

stress in the device is reduced due to separate switches for 

buck and boost operating modes. The switching pattern has 

been selected to ensure the possible states in the given period 

of time. The operation of proposed converter has four 

conducting periods such as Period I, Period II, Period III, and 

Period IV.  

3.1  Period I ( )21 TtT  : 

The gating signals are given to switches S11 and S21 at a time   

1T  to turn them ON. In this time period, the energy stored in 

the inductor L11 is transferred to the load. The direction of 

conduction has been highlighted by blue color line as shown 

in Fig. 3. The corresponding equivalent circuit is given in Fig. 

7.  

Fig. 7. Equivalent circuit for Period I 

3.2  Period II ( )32 TtT  : 

At time 
2T , the switch S21 only is in conducting state, the 

remaining switches S11, S12 and S22 are in OFF state. The 

energy flows from source to load through the switch S21. The 

conduction path for this period is illustrated in Fig. 4. The 

corresponding equivalent circuit for the period II is 

demonstrated in Fig. 8. Here the capacitor aC  starts 

discharging and it supplies the demanded load current, 

whereas the capacitor dcC  starts charging. 

Fig. 8. Equivalent circuit for Period II 
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3.3  Period III ( )43 TtT  : 

The gating signals are given to the switches S12 and S22 while 

the remaining switches S11 and S12 are turned OFF at the 

instant 3T . The switches S12 and S22 start conducting. The 

energy flows from the source to load through the conduction 

path as depicted in Fig. 5. The relevant equivalent circuit 

diagram is given in Fig. 9. 

Fig. 9. Equivalent circuit for Period III 

3.4  Period IV ( )54 TtT  :  

At time 5T , the switch S22 starts conducting while the 

remaining switches S11, S12, and S21 are turned OFF. The 

energy flows from source to load via the conduction path 

illustrated in Fig. 6. The equivalent circuit corresponding to 

the conduction period IV is shown in Fig. 10. 

Fig. 10. Equivalent circuit for Period IV 

Consider the proposed converter under the steady state 

operating condition. The duty ratio of the switches S11 and S12 

is denoted as 1CD  and that of switches S21 and S22 is denoted 

as 2CD . Assume that the input voltage is SCV . Under steady 

state operating condition of the converter, the following 

equations are obtained: 
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The main aim here is to operate the converter in the buck 

mode (0< 2CD  < 1 and 01 CD ) and in the boost mode (0<

1CD  < 1 and  02 CD ) and a smooth transition from step-

up to step-down and from step-down to step-up must occur 

smoothly.  

4. SIMULATION RESULTS AND DISCUSSION 

The proposed converter model is developed and studied using 

MATLAB/SIMULINK platform. The values of circuit 

components for simulation are selected based on the design 

considerations and are listed in Table I shown below. Table II 

lists the specifications of the proposed converter. The 

proposed converter operates either in buck or boost operating 

mode by varying the duty ratio of the switches. In both 

operating modes, the duty ratios of the switches are adjusted 

in such a way that the output voltage is 48 V across the load. 

In boost operating mode, the duty ratio 1CD = 0.3; the source 

voltage is 28 V. In the buck operating mode, the duty ratio  

2CD = 0.5; the source voltage is 60 V. The multi-phase 

operation of buck-boost DC-DC converter helps to achieve 

the reduced inductor ripple current because the multi-phase 

operation reduces the inductor size. The inductor value is 

reduced by ‘m’ times that of normal buck-boost converter, 

where ‘m’ is the number of devices connected per phase. The 

ripple current in the inductor is limited to 0.4 A and also the 

filter capacitor ripple voltage is limited to 0.3 V. 

Table I: Simulation parameters of the proposed converter 

Circuit components Values 

Boost Inductor ( )11L  160 µH 

Buck Inductor (
22L ) 120 µH 

Boost Capacitor )( aC  47 µF 

Buck Capacitor )( bC  68 µF 

Damping Resistor )( dR  1 Ω 

Damping Capacitor )( dcC  470 µF 

 

Table II: Specifications of the proposed converter 

Specifications Range 

Input voltage (28 – 60) V 

Output voltage 48 V (Max) 

Switching frequency 50 kHz 

Load resistance 6.5 Ω 

Maximum output power 355 W 
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4.1  Without PI controller  

The simulation results of the proposed converter during buck 

and boost modes without PI (Proportional + Integral) 

controller are presented in this section. The voltage and 

current waveforms for buck operating mode are shown in Fig. 

11, Fig. 12, Fig. 13, and Fig. 14 respectively. During the buck 

operating mode, the duty ratio of the switches S21 and S22 are 

adjusted to get the output voltage around 48 V. The input 

voltage is set at 60 V and 614.02 CD . The ripples in the 

output voltage, output current, capacitor voltage, and inductor 

current are found to be around 0.1 mV, 0.001 A, 0.2 V, and 

0.1 A respectively. 

Fig. 11. Buck output voltage waveform of the converter 

Fig. 12. Output current waveform of the converter during 

buck mode 

Fig. 13. Capacitor ( aC ) voltage waveform during buck mode 

Fig. 14. Inductor current waveform during buck mode 

Similarly, the voltage and current waveforms for boost 

operating mode are shown in Fig. 15, Fig. 16, Fig. 17, and 

Fig. 18 respectively. During the boost operating mode, the 

duty ratio of the switches S11 and S12 are adjusted to get the 

output voltage around 48 V. The input voltage is set at 28 V 

and 3.01 CD . The measured ripples in the output voltage, 

output current, capacitor voltage, and inductor current are 

around 0.001 V, 0.1 A, 0.3 V, and 0.35 A respectively. 

 
Fig. 15. Boost output voltage waveform of the converter 

Fig. 16. Output current waveform of the converter during 

boost mode 

Fig. 17. Capacitor ( aC ) voltage waveform during boost 

mode 

 

Fig. 18. Inductor current waveform during boost mode 

4.2  With PI controller  

In order to regulate the output voltage of the proposed 

converter, a PI controller with suitably tuned controller 

parameters has been introduced. Now, the converter operates 

in voltage controlled mode. The output voltage settles at 48 V 

with negligible overshoot during buck and boost modes as 

shown in Fig. 19 and Fig. 20. 

Fig. 19.  Regulated buck output voltage waveform 
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Fig. 20.  Regulated boost output voltage waveform 

5. PROTOTYPE CONVERTER MODEL RESULTS AND 

DISCUSSION 

A prototype model of the proposed non-inverting buck-boost 

DC-DC converter has been developed to provide an output 

voltage of 10 V when the source voltage varies from 6 V to 

20 V. The experimental setup for the prototype model is 

shown in Fig. 21. The duty ratio D for the buck mode is in 

the range of 0.4185 < D < 1, and the duty ratio D  for the 

boost mode is in the range of 0< D <0.1388. The components 

of prototype model of the converter are listed as shown in 

Table III. 

 

Fig. 21.  Prototype model of the converter 

Table III:  Components of prototype converter model 

 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

Fig. 22(a), (b), (c), (d). Gating pulses to  

the Power MOSFETs 

The gating signals are given to the Power MOSFETs as 

shown in Fig. 22(a), (b), (c), and (d) to turn them ON. The 

input voltage to the converter is varied from 6 V to 20 V. 

During buck mode of operation, the input voltage is varied 

below 10 V, whereas for boost mode of operation, the input 

voltage is varied above 10 V. In both modes of operation, the 

output voltage is maintained at 10 V magnitude which is 

captured using digital storage oscilloscope as shown in Fig. 

23. 

 

Fig. 23. Output voltage of prototype model of the converter 
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Circuit components Description  Type 

S11, S12, S21, S22 
Power 

MOSFETS 

IRF250N,  

200 V, 30 A 

D1, D2, D3, D4 Diodes 
IN5408,  

1000 V, 3 A 

11L  Boost inductor 36 mH 

22L  Buck inductor 36 mH 

aC  Boost capacitor 1000 μF, 63 V 

bC  Buck capacitor 1000 μF, 63 V 

dC  
Damping 

capacitor 
1000 μF, 63 V 

dR  Damping resistor 1 Ω, 1 W 

Controller PIC µC PIC16F877A 
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6. CONCLUSION 

In this paper, the simulation and hardware implementation of 

a non-inverting buck-boost DC-DC converter topology 

suitable for low voltage applications have been analyzed. The 

proposed buck-boost DC-DC converter has been operated 

either in buck or boost continuous conduction mode according 

to the requirement. The converter operates efficiently during 

the boost operating mode due to the fact that the on-time of 

the converter is reduced. The switch conducts for lesser time 

thereby reducing the switch conduction period. This helps to 

transfer more input energy to the load. The damping network 

introduced between the buck side and boost side of the 

converter eliminates the oscillations in the output voltage. The 

time domain simulation results demonstrate that the converter 

has less than 5% of ripples in inductor current and capacitor 

voltage. Due to lesser ripple content, the proposed converter 

topology is suitable for battery charging and also suitable for 

photovoltaic panels, super capacitors, etc. In order to regulate 

the voltage, a properly tuned PI controller has been introduced 

in this work. A prototype model is also developed to validate 

the performance of the converter.    
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