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Abstract— in this work, a Double-deck buck-boost converter 

system is used. Here, two identical buck boost converters are 

working in parallel. So that, the ripples in the output voltage 

& input current is reduced than that of single buck-boost 

converter with same specifications. This Double-Deck Buck-

Boost Converter system is the most suitable for power quality 

improvement & regulated power supplies in home 

appliances. It also has to overcome the problems like high 

EMI and high switching Losses caused by hard switching. 

Many variations of the basic buck-boost topology have been 

studied to overcome these problems. The Zero Voltage 

switching is one such solution. Here, an extra inductor is 

placed between these two converters. Inductor will maintain 

the voltage applied to the switches at zero voltage switching 

& plays important role in soft switching operation. This will 

improve the reliability of this system. Thus reducing the 

switching losses & efficiency can be improved. The circuit 

operation is provided in eight modes. The outstanding feature 

of each converter is the simplicity of its circuit, reduces the 

number of switches. There are many applications, such as 

battery-powered systems & battery operated vehicles& 

renewable applications. The proposed converter is more 

economical than the soft switched converters with coupled 

inductors or transformers. 
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I. INTRODUCTION 

DC/DC converters are used for many purposes when the 

conversion between two dc voltage levels such as electrical 

vehicles, active filters, power factor correction circuits, 

distributed generations, dc/dc regulated power supplies, etc., 

is required . These types of converters are divided into several 

types depending on the increase or decrease of the output 

voltage level with respect to the input voltage. This paper 

focuses on the buck-boost dc/dc converters which can operate 

in either buck or boost modes, i.e., they can be used in both 

step-up and down applications. The main application of step-

up/down converters is in regulated dc power supplies, where 

the output negative polarity may be desired with respect to 

the common terminal of the input voltage supply. 

DC-DC converters are the most important and 

widely used devices in modern power applications. 

Nowadays the converters are operated at high frequencies in 

order to reduce the size of these converters. However the 

switching losses are directly proportional to the switching 

frequency. Hence soft switching techniques are to be 

implemented. Soft-switching technologies are considered as 

the best method to reduce switching losses, and to improve 

efficiency and reliabilities. 

In this work, a two stage buck-boost converter 

topology is proposed. Two identical buck boost converters 

are working in parallel. The output voltage & input current 

contain fewer ripples than that of single converter. An extra 

inductor is placed between these two converters. Inductor will 

maintain the voltage applied to the switches at zero voltage 

switching& plays important role in soft switching operation. 

It provides simplicity of the circuit structure. The soft-

switching techniques can be divided into two kinds such as 

zero-voltage switching (ZVS) and zero-current switching 

(ZCS).In this system, an effective Zero Voltage Switching 

(ZVS) technique is utilized. 

II. LITERATURE SURVEY 

Power converters are electronic circuits associated with the 

conversion, control, and conditioning of electric power. The 

power range can be from milli watts, mobile phone, to 

megawatts, in power transmission systems. Reliability is the 

important thing in the power converters. Electronic devices 

and control circuit must be highly robust for achieve useful 

life. The total efficiency of the power electronic circuits must 

have a special accent. Firstly, because of the economic and 

environmental value of wasted power and, secondly, because 

of the cost of energy dissipated that it can generate. Even a 

small improvement in converter power efficiency translates 

to improved profitability of the investment in the electronic 

market. 

DC/DC converters are used for many purposes when 

the conversion between two dc voltage levels such as 

electrical vehicles, active filters, power factor correction 

circuits, distributed generations, dc/dc regulated power 

supplies, etc. These types of converters are divided into 

several types depending on the ratio of the output voltage 

level to the input voltage. This system focuses on the buck-

boost dc/dc converters which can operate in either buck or 

boost modes, i.e., they can be used in both step-up and down 

applications. The main application of step-up/down 

converters is in regulated dc power supplies, where the output 

negative polarity may be desired with respect to the common 

terminal of the input voltage supply. 

Converter efficiency is one of the most important 

practical considerations. Many soft switching techniques are 

proposed in the literatures to achieve the minimum switching 

losses and more efficiency in DCIDC converters. Various 

control strategies and converter topologies are proposed for 

the soft switching operation of the converters to achieve 

minimum switching losses leading to more efficient 

operations. 

Recently, soft switching techniques have been 

proposed where utilize the features of zero-voltage switching 

(ZVS) or zero-current switching (ZCS) for the DC-DC 

converters. These methods substantially reduce the switching 

losses, and hence attain high efficiency as well as high 

switching frequency. The resonant ZVS and ZCS converters 

represented earlier, create high voltage stress on the switches. 

Therefore, snubber circuits were required to prevent the 

active switches from possible damages. 

Zero voltage transition (ZVT) with interleaved 

inductor between two parallel converters is another effective 

technique to reduce the switching losses and voltage stress on 
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the switches. This method, perform the switching while the 

voltage applied on the switches is almost equal to zero. The 

main idea of this technique is reducing the switching losses 

which form a great part of the total losses, and followed 

significantly improvement in converter efficiency. 

Nowadays, interleaved converters are utilized in 

many applications and provide many advantages such as 

increasing efficiency, reducing the voltage and current ripple, 

and supplying more load power . The ZVS operation of the 

parallel boost converters has been investigated. Nowadays, 

switch-mode power supplies have become smaller and lighter 

due to higher switching frequency. When increasing the 

switching frequency, it will cause losses at the turn ON & turn 

OFF periods, resulting in increasing losses of the whole 

system. Therefore, many converters have been presented that 

use soft switching operation to reduce switching losses. 

In this system, a double-deck buck-boost converter 

with an effective ZVS technique is proposed. The operational 

principles of the proposed converter are surveyed and 

summarized in eight modes. It is shown that the switching 

process can perform with the minimum losses by applying the 

gate signals at particular time intervals. It is also concluded 

that utilizing of two converters in parallel causes less ripple 

in the output load voltage. The proposed converter is more 

economical than the soft switched converters with coupled 

inductors or transformers. 

III. BUILDING BLOCKS OF THE SYSTEM 

 
Fig. 1: Block Diagram 

The figure 1 shows the block diagram of the system. The 

Double-Deck buck boost converter is the combination of two 

identical buck-boost converters which are connected in 

parallel. The source and the load is shared between these two 

converters. 

IV. CIRCUIT DIAGRAM 

Here, two identical buck-boost converters working in 

parallel. The source and the output capacitor Co are shared 

between two converters. The inductor Ls is placed in parallel 

with two switches. This element plays an important role in 

the soft switching of the converter. It discharges the intrinsic 

capacitances of the switches by creating a resonant circuit. 

The switching is done when the intrinsic anti-parallel diodes 

of the switches conduct at the negative half-cycle of this 

resonating current& the voltage on the switches is clamped at 

zero. 

 
Fig. 2: Parallel Buck-Boost converter 

 
Fig. 3: Equivalent circuit diagram 

Two power MOSFETs, S1 and S2, are adopted for 

high frequency switching with the same switching frequency. 

The duty ratio D for each of the switches is identical and 

slightly greater than 0.5 to create overlapping intervals. 

In order to simplify the circuit analysis of the 

converter, some assumptions are as follows: 

 The converters are operated in continuous conduction 

mode (CCM). 

 The duty ratio for each of the switches is identical and 

slightly greater than 0.5. 

 The currents of inductors L1 and L2 and also the output 

currents are constant. 

 The output voltage is assumed to be almost fixed because 

of the large output capacitor Co. 

 All the circuit elements such as L1, L2, CS1, and CS2 

have the same values. 

 In  all stages, the forward voltage drops on diodes D1 and 

D2, and switches S1 and S2 are considered negligible. 

The operations of the converter are described in 

eight modes. 

A. Stage 1 [T0-T1] 

 
Fig. 4: Stage 1 

It is considered that the diode D2 freewheels the load current 

Io. So, the diode D2 current is equal to IL1 + IL2 and the 

current IL1 passes through the inductor LS, reversely. Mode 

I begin when the switch S1 is closed and D2 freewheeling 

current is decreasing to zero. Therefore, the voltage VDC + 

VO was clamped on the capacitor CS2. Therefore, the 

inductor current iLs increases linearly from −IL1 to IL2. 

While iS1 increases linearly with increasing the iLs. As iLs 

reaches zero, the current IL1 passes through the switch S1. 

When iLs rises up to IL2, iS1 reaches IL1 + IL2. At the end, 

the freewheeling current of D2 reaches zero. 

 



Double-Deck Buck-Boost Converter for Power Electronic Applications 

 (IJSRD/Vol. 5/Issue 03/2017/160) 

 

 All rights reserved by www.ijsrd.com 604 

B. Stage 2 [T1-T2] 

 
Fig. 5: Stage 2 

This mode starts when the freewheeling current of D2 reaches 

zero. Then, a resonant circuit is formed between CS2 and LS. 

This resonating current discharges the capacitor CS2 which 

was clamped on VDC + VO. After VCS2 decreases to zero, 

DS2 will be forward biased. Now, both resonant current and 

the inductor current flow through the interleaved inductor LS. 

Therefore, iLs becomes larger than IL2. 

C. Stage 3 [T2-T3] 

At the beginning of this mode, DS2 whose voltage was fixed 

at zero begins to conduct a small current reversely through 

the switch S2. This current is the difference between iLs and 

IL2. Therefore, the voltage across the witch S2 which is the 

same as VCS2 becomes equal to zero. Thus, it is a great 

opportunity to apply the gate signal of the switch S2 as VGS2 

during this interval. So, the switch S2 turns ON at the zero 

voltage. 

 
Fig. 6: Stage 3 

D. Stage 4 [T3-T4] 

 
Fig. 7: Stage 4 

At the beginning of this mode, the gating signal of 

the switch S1 is removed and it is turned OFF. Therefore, the 

intrinsic capacitor CS1 is charged rapidly to VDC + VO by 

the sum of currents IL2 and IL1. Along with an increase in 

the CS1 voltage, the current iLs begins to decrease and 

reverses its direction toward to −IL1 because VCS1 is 

imposed on the inductor LS. By applying the KVL to the end 

of this mode, the voltage of diode D1 becomes equal to zero. 

Thus, it begins to freewheel the load current. 

Due to the symmetry of the proposed converter, 

Modes V to VIII could be summarized in similar procedures 

for the switch S1. 

The output voltage equation is given as, 

𝑉𝑂 =  √
𝑅

𝑓𝑆𝐿𝑆
𝑉𝐷𝐶  

Where VO is the output voltage, R is the load 

resistance, fs is the switching frequency, Ls is the inductance 

of the interleaved inductor. 

It can be concluded that the control over the output 

voltage could be possible by modifying the switching 

frequency, while not considering the effect of duty ratio of 

the switches like conventional buck-boost converters. 

Hence, the duty ratio is considered as constant while 

the switching frequency is varying. Inorder to maintain the 

output voltage constant during the variation in the input 

voltage, we have to introduce the control circuit. Frequency 

control is doing in this control. 

V. THEORETICAL WAVEFORM 

 
Fig. 8: Theoretical waveform 

The Figure 8 shows the theoretical waveform of the system. 

VGS1 and VGS2 are the gate voltages which are applied to 

the two switches S1 and S2. The two switches are taken as 

high frequency switches. The duty ratios of both are same. 

The duty ratio is taken as slightly above 0.5 for making small 

overlapping between the gate signals. 

TC is the commutation time interval of these 

switches. VCS1 and VCS2 are the voltages across the 

intrinsic capacitors which are placed parallel with these 

switches. 
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The switch S1 is ON from mode 1 to mode 3. Then 

the switch S2 is ON from mode 4 to mode 6. At this time, a 

small negative current passes through S1. At mode 3 and 

mode 7, the switching is takes place. 

VI. SIMULATION 

We used simulation software MATLAB as the part of the 

project .In order to verify the output of the proposed converter 

using MATLAB SIMULINK. 

 
Fig. 9: Simulation Diagram 

The circuit is drawn as per the circuit diagram and 

values are given, since close loop minimizes the error than 

open loop. In the simulation set a output value ( 40.47v) as a 

constant a loop is taken from the output of the converter and 

compared with the constant value using  a add block. The 

reference voltage is the constant value.ie, 40.5v. It is given to 

a pi controller it has KP  proportional gain and Ki integral gain 

for minimizing the error. The saturation limits of the 

frequency range in sec are also set in the PI controller block. 

The output of the PI controller is multiplied with a gain block 

of magnitude 1e-6 for converting the PI output in micro sec 

range. The integrator block is used to generate triangular 

wave at that particular frequency depend on the input voltage. 

Here, the output voltage is maintained constant by 

changing the switching frequency instead of duty ratio. The 

interval test dynamic block is test the input u with upper 

saturation limit & lower saturation limit and produces high 

output when the u is between these limits. Otherwise the 

output is low. This output pulses are applied to the clock 

pulses in the JK flip flop. The toggle condition is set in the JK 

flip flop. The switch is connected in the output of JK flip flop 

for selecting +1 or -1 .This switch output will feedback to the 

integrator input & produces triangular waves. This is 

compared with the magnitude of the PI controller in the 

saturation block & produces the product related to the 

required duty ratio. Here, 55% is taken as duty ratio. The 

required pulses are generated in the output of relational 

operator blocks & given to gate of S1 and S2 MOSFETs. 

Power GUI is used to convert continuous mode to 

discrete to reduce running time. We need some measurements 

like voltage across capacitor and current flowing through 

each components to select the hardware specification .voltage 

measured across diode, capacitor keep a voltmeter across 

them and give it to scope. Using this value hardware 

specification is done. 

VII. SIMULATION RESULTS 

 
Fig. 10: Open Loop Waveform 

The figure 10 shows the open loop output voltage waveform 

of the proposed system. We can see that the output voltage is 

nearly 38V only when giving the input voltage as 20V. Here, 

the output voltage is changing with variations in the input 

voltage. In order to maintain the output voltage constant, 

introduces the concept of feedback. That is closed loop 

simulation. 

 
Fig. 11: Closed Loop Waveform 

The figure 11 shows the output voltage waveform of 

the closed loop waveform of the proposed converter system. 

Here, the output voltage regulation is carried out by 

frequency control with variations in the input voltage. The 

duty ratio is constant. The output voltage is nearly 40.5V. The 

fig. 12 shows the required switching pulses applied to the gate 

of the two MOSFETs. 

 
Fig. 12: Switching pulses 

 
Fig. 13: Output Voltage Variations 

The fig. 13 shows the output voltage variation with 

& without feedback. In the case of without feedback, the 

output voltage is increases with increasing the input voltage. 

In the case of without feedback, the output voltage is constant 
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throughout the input voltage variation. The input voltage 

varies from 17 to 23V and the output voltage remains 

constant. 

Input Voltage Output Voltage Frequency 

17 40.55 100 

18 40.49 111 

19 40.49 122 

20 40.52 133 

21 40.49 145 

22 40.38 158 

23 40.38 170 

Table 1: Input Voltage vs. Frequency 

Input Voltage V0 (with fb) V0 (without fb) 

17 40.55 100 

17.5 40.49 111 

18 40.49 122 

18.5 40.52 133 

19 40.49 145 

19.5 40.38 158 

20 40.38 170 

20.5 40.55 100 

21 40.49 111 

21.5 40.49 122 

22 40.52 133 

22.5 40.49 145 

23 40.38 158 

Table 2: Simulation Results 

Sl. No. Components Specification Quantity 

1 Inductors 180μH 2 

2 Inductor 30μH 1 

3 Capacitor 100μF 1 

4 Power MOSFETs IRF 640 2 

5 Diodes BYV32 2 

6 Microcontroller  1 

7 Resistive load  1 

Table 3: Equipment’s and Components 

VIII. EXPECTED OUTCOMES 

Improvement in the converter efficiency by reducing the 

switching losses is expected. The converter topology is 

simple and hence reliability is large. Due to parallel operation 

of two converters, reduction in ripple voltage and current in 

both input and output is expected. It is also proposed to make 

a comparative study with other converters to find the effect 

of ZVS technique on overall system efficiency. 

IX. CONCLUSION 

In this system double-stage buck-boost converter with ZVS 

capability is proposed. Here, an extra inductor placed 

between two converter units. Therefore, the reliability of the 

proposed converter increases due to the Simplicity. The 

output voltage of the converter is regulated by changing the 

switching frequency instead of the duty ratio. The gate pulses 

are generated as per the requirement. A feedback circuit is 

designed & simulated to maintain the output voltage constant 

in spite of changes in the input voltage. The circuit works on 

the principle of VCO. The results showed that the switching 

losses were effectively reduced. Moreover, it could be 

concluded that the proposed converter can provide less ripple 

in the voltage and current of the load and input supply due to 

the operation of two converters in parallel. 
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