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A Transformerless Buck-Boost Converter with 
Single Switch 

Channamma. S. Patil, M. S. Aspalli 

Abstract: This paper introduces a modern, transformerless 
buck-boost dc-dc converter.  In this topology, one active switch is 
used.The proposed buck-boost converter voltage gain is higher 
compared to the conventional buck-boost converter.With a 
moderate duty cycle, high voltage gain can be reached. The 
switch's voltage stress is minimal. As a consequence, the power 
switch's conduction loss is relatively low to improve efficiency. 
The converter is simple, hence it will be easy to control the 
proposed converter. 

Keywords: Transformerless converter, High voltage gain, 
Voltage stress.   

IINTRODUCTION 

Environmental problems, such as climate change and global 
warming caused by increased carbon dioxide emissions, 
have been very important in recent years. Despite increasing 
exposure to environmental issues, low environmental and 
renewable energy impacts are the subject of energy 
generated from fuel cell systems. In emergency power 
systems and cars, fuel cells are an essential choice for fuel 
replacement. Fuel cells can be used as green energy by 
customers with low carbon dioxide emissions. As a result of 
steady operation with renewable fuel supply and high 
performance and reliability, the fuel cell has been 
increasingly recognised as an acceptable alternative source. 
With this fuel, there are some issues, such as high prices, but 
they have great features, such as high performance and 
small size. As a consequence, many applications need step-
up and step-down voltage converters, such as portable 
devices, electronic devices for vehicles, etc. The cell has 
very wide output voltage fluctuations in order to produce the 
stabilised output voltage and thus the additional switching 
power source is necessary for the processing of the varying 
input voltage. Many types of non-isolated buck / boost 
converters [1]-[3] are available, including buck-boost 
converters, single-end primary inductor converters (SEPIC), 
Cuk converters, Zeta converters, Luo converters and their 
derivatives, etc. However, these converters function in 
continuous conduction (CCM) mode. Many types of non-
isolated buck / boost converters [1]-[3] are available, 
including buck-boost converters, single-end primary 
inductor converters (SEPIC), Cuk converters, Zeta 
converters,  
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Luo converters and their derivatives, etc. However, these 
converters function in continuous conduction (CCM) mode. 
The effects of diodes, switches and equivalent series 
resistance (ESR) of capacitors and inductors [4] are low and 
limited, although the traditional efficiency of the buck-boost 
converter is supposed to be high. Several high boost 
converters have been suggested in order to achieve high 
performance and voltage gain, and the addition of a new 
control method is a reasonable choice for the use of the low-
duty cycle. For instance, high step-up voltage gain is also 
achieved by using a low-duty cycle flyback converter. By 
increasing the transformer turn ratio, the voltage gain of the 
flyback converters can be enhanced. Although a significant 
step-up voltage gain can be achieved by the flyback 
converter, the power switches are subject to a voltage spike 
across the switches, and due to reverse recovery issues and 
leaking inductor, the converter efficiency is not strong. High 
voltage gain dc-dc converters with a coupled-inductor are 
suggested in [7-8]. A transformerless dc-dc converter with 
one active switch is presented in this article. The 
configuration of the converter is simple, so control of the 
converter will be easy. The voltage stress is lower than the 
output voltage in the power switch and diodes, so the switch 
conduction loss is low and the converter performance can be 
increased. As a universal power source, the converter 
operates. In the converter structure, only one switch is used 
and the greater voltage gain can be achieved with moderate 
duty cycle. 

IIRELATED WORK 

The paper [7] shows a novel, non-isolated buck-boost 
converter. For the conventional boost, buck boost, CUK, 
SEPIC and ZETA converters, the voltage gain given for the 
converter is higher than that, and high voltage with an 
appropriate duty cycle can be achieved. Only one switch is 
used by this converter. The voltage stress is mild via 
the switch. The switch’s low on-state resistance can therefore 
be selected to decrease the switch's conductive level and 
increases the efficiency. Without CO2 emissions, fuel cell 
energy systems can produce renewable energy efficiently and 
are nominated as an alternative to traditional energy sources. 
The paper [8] presents a new high-speed DC-DC converter 
for distributed energy resources, particularly for  fuel cell 
conditioning systems. In order to improve the voltage gain 
and to distinguish between the higher and lower sides of the 
converter, the converter is fitted with a coupled bi-directional 
booster inductor, two transformers whose secondary sides are 
linked in series. The coupled inductor was used to remove the 
ripple of the input signal and the inductance of the leakage of 
the transformer is used to provide Zero current switching 
activity.  
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In [9], a new transformerless buck-boost dc-dc converter is 
introduced that optimises the topology architecture and 
voltage to overcome the disadvantages of the traditional step-
up and step-down converter. The key benefit of the  converter 
is that it has a quadratic voltage gain over the conventional 
buck-boost converter, which can operate in a wide range of 
output voltages, i.e. without prolonged duty cycle, the buck-
boost converter can achieve high or low voltage gain. 
Furthermore, the output voltage of this buck-boost converter 
with the input voltage is common ground and its polarity is 
positive. A novel buck-boost dc-dc converter with high-
voltage step-up and step-down capability was introduced in 
[10]. It has a simple layout with two power switches and four 
passive components with two diodes. The downside of this 
converter is that it needs two floating gate drivers for two 
switches, which raises the cost. So, this paper proposes a 
novel quadratic buck-boost converter to mitigate this 
problem, where the power switches have common ground 
with the input voltage and there is no floating gate driver. 
A new design concept has been developed for an electric 
propulsion system for a hybrid car [11]. For the two basic 
functions of a car (going forward or in reverse), a scheme 
comprising two converters is suggested. The topology 
proposed will concentrate primarily on the reverse feature 
that involves a negative output converter. For this, the Luo 
converter and self-lift Luo converter elementary negative 
output are implemented and evaluated. The negative 
elementary output and the self-lift Luo converters are newly 
built DC-DC converters. It is also possible to do a step-up 
conversion from the positive DC voltage input to the 
negative DC voltage. The voltage lift method has been 
introduced to improve the performance of the elementary 
converter. Due to its simplicity and its relative ease of use, it 
was used. It was possible to get higher voltage gains because 
of this technique than in the case of the elementary 
converter. In modular photovoltaic (pv) power conditioning 
units, a high-efficiency dc-dc converter phase capable of 
controlling for optimum power point monitoring over a large 
number of input voltages is required. The paper [12] 
presents a new isolated topology capable of meeting the 
requirements for high efficiency over a large range of input 
voltages. This topology ensures best performance for the 
majority of the switching process due to low circulating 
currents zero voltage switching zvs and low-current 
switching of the primary side module output diode zcs and 
direct load transfer. Also, by modulated control of the basic 
fixed frequency pulse length, this topology may provide 
voltage regulation. By simply adding a secondary bi-
directional ac switch to an isolated series resonant converter, 
these characteristics can be achieved. The high performance 
and wide range of operation of this converter allows 
applications with PV micro converters to be used load 
current. 

IIIPROPOSED SYSTEM 

Figure 1 shows the circuit diagram of proposed non-isolated 
buck-boost converter. It consists of only one power switch 
S1, five diodes  
D1,   D2, D3, D4, D5, three inductors L1, L2 , L3, three 
capacitors C1 ,C2 and C3 , and load R. 

For analysis of proposed converter, the following 
assumptions are considered  
• The proposed converter capacitors C1, C2 and C3 are 

high enough. Therefore, it is presumed that the voltage 
between them is stable. 

• Switches are optimal. 

• Inductor values L1 and L2 are similar. 

 
Figure 1: Circuit diagram of the proposed converter 

In continuous conduction mode (CCM), the suggested non-
isolated buck-boost converter can be worked. It is possible 
to break the continuous mode of conduction into 2 operating 
modes. The study of the proposed converter is defined in 
one switching time as follows: 
1) Mode I: In this mode, S1 is switched on whereas D1 and 

D2 are switched-on and D3, D4 and D5 are switched-off. 
Figure 2(a) shows the current-flow direction of the 
proposed converter.Inductors L1, L2 and L3 are 
magnetised, and they boost the current flowing through 
them. C1 and C3 are being unloaded. Hence, this mode 
's voltage equations are: 

VL1 =Vin 

VL2 =Vin 

                             VL3 =VC1+Vin −VC2.   (1) 

 
Figure 2 (a): current- flow path of the proposed 

converter for Mode I 
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2) Mode II: In this mode, S1 is switched-off. D1 and D2 
are reverse-biased, and the forward-biased are D3, D4 
and D5. In this mode, the current-flow path of the 
proposed converter is shown in Figure 2 (b).Inductors 
L1, L2, L3 are demagnetized linearly whereas capacitor 
C1 is charged by inductors L1 and L2. In addition output 
capacitor C3 is charged through C1 and C2. 

Based on Figure 2 (b), this mode’s voltage equations 

are as follows: 
 
                           VL1+VL2= −VC1 

 

                            VL3 =VC2 

 

                            Vo =VC1+VC2.    (2)             
 

 
Figure 2 (b): Current-flow path of the proposed 

converter for Mode II 

IVSIMULATION RESULTS 

Using MATLAB/Simulink, the proposed transformerless 
buck-boost converter is simulated using MOSFET as a 
switching device. The transformerless step-up / step-down 
converter simulation parameters are shown in Table I. The 
suggested model for the step-up and step-down mode is 
shown in Fig. 3(a) and 4(a). The simulation studies for the 
proposed boost and buck mode converter are shown in Fig.3 
(b) and 4 (b). 

  TABLE I 
 SIMULATION PARAMETERS 

Parameters Step-up Mode Step-down Mode 
Vin 24 V 24 V 
Vo 53V 16V 

fs 33 kHz  37 kHz 
L1, L2 0.6 mH 0.6 mH 

L3 1.5 mH 1.5 mH 

C1 68 μF 68 μF 
C2 110 μF 110 μF 

Co  48 μF 48 μF 

 
Figure.3 (a). Proposed design for 24Vinput to 53Vdc 

output for Boost Mode 

 
Figure.3 (b). Simulation result for 24V input to 53V dc 

output for Boost Mode 

 
Figure.4 (a). Proposed design for 24V input to 16V dc 

output for Buck Mode  

 
Figure.4 (b). Simulation result for 24V input to 16V dc 

output for Buck Mode 
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 VCONCLUSION 

A transformerless buck-boost converter is introduced in this 
paper. The structure of the step up and step down converter 
is very basic. The proposed converter uses only one key 
switch, in order to remove the conduction failure of the 
switch.The step-up voltage gain of the suggested step-
up/step-down converter is greaterthan the standard buck, 
boost, buck-boost, and CUK converters. With the 
satisfactory results of the MATLAB / Simulink model, the 
proposed topology of a single-switch transformerless buck-
boost dc-dc converter is checked. The outcome of the 
simulation was a transformerless step-up/step-down 
converter whose Vin=24V increased to 53V and decreased 
to 16V. In some applications, such as fuel cell systems, LED 
drivers etc., the buck-boost converter is used. 
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