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Switch-mode power supply, fuel cells, and solar photovoltaic systems are just some of the many places you'll find a high gain 

dc-dc converter in use. We present a dc-dc boost converter with a record-breaking gain and do considerable research on it. The 

proposed setup may achieve significant voltage gain compared to previous transformerless designs. As long as the output voltage 

doesn't go beyond 50%, the active MOSFETs are safe. We settle for the lowest-rated components because of this. The underlying 

operational logic of both systems is dissected to establish their respective benefits. The converter's performance is deemed 

satisfactory both in open and closed loop configurations, and high gain is attained at low duty ratios. 
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1. INTRODUCTION 

Power electronics are an essential component in the 

effort to get the maximum amount of energy from 

sources that are both sustainable and kind to the 

environment. Figure 1 presents a schematic 

representation of a DC microgrid. High gain dc-dc 

converters act as a mediator between the load and the 

source, taking the relatively low DC voltage (12V-60V) 

supplied by the battery, solar photovoltaic (PV), or fuel 

cell and increasing it to practical levels (200-300V). In 

addition, a DC microgrid equipped with a high gain 

dc-dc converter maintains the voltage of the dc 

connection at the level that has been established [1]. In 

today's current DC microgrids, it is common practise to 

combine supercapacitors and high gain dc-dc 

converters. This is due to the fact that supercapacitors 

have a high power density but a low voltage rating. In 

today's market, rapid charging at level three often 

makes use of high-gain converters for electric cars (EV). 

AC loads may be served by a DC microgrid that is 

operating in islanded mode by combining a high gain 

converter with an inverter. This allows for the microgrid 

to run independently. High gain converters have lately 

come into prominence as an alternative to traditional 

boost converters and its variants [1], which are 

characterised by their poor efficiency and high duty 

cycle operating requirements. At addition to that, there 

is the problem of diode reverse recovery in higher duty 

cycles. 
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Fig 1.Simple schematic of DC microgrid. 

 

In theory, a conventional boost converter's voltage gain 

may approach infinity under optimal conditions. 

However, in practise, its capability to step up is limited 

by conduction losses resulting from resistances and 

diode voltage drops, as well as by the parasitic 

components of the power device, such as capacitance 

and inductance. Reverse recovery may be hindered by a 

high step-up ratio, and magnetic saturation may occur if 

the power switch is tripped during the high duty cycle 

[2-5]. Multiple papers [2–14] offer research into the 

development of high-efficiency, high-gain boost 

converters. Step-up dc/dc converters may be 

categorised in part based on whether or not the 

transformer inside of it is isolated. If the turns ratio is 

optimised, transformer-based topologies may achieve 

high voltagegain. Separating the input circuit from the 

output circuit, transformers play a crucial role. 

Transformer-free topologies have analogous costs, 

weights, and degrees of complexity [12]. However, the 

switching devices in the cascading boost converter 

design given in [14] are vulnerable to high 

voltage/current stress as the architecture enables more 

voltage gain without an excessive duty cycle compared 

to the conventional boost converter. Using switching 

inductors and capacitors is another possible method for 

increasing the voltage gain [15-19]. Switched inductor 

converters have double the voltage gain of regular boost 

converters, while subjecting their semiconductors to far 

higher voltages. Several papers [20-22] have utilised the 

voltage lift approach to produce a significant voltage 

boost while reducing the voltage and current load on 

switches. However, more diodes and capacitors are 

required when the conversion ratio is large. When 

controlling the voltage gain of a converter with an 

isolated topology like linked inductors or a flyback 

converter, the turns ratio is employed in addition to the 

duty cycle. Achieving the necessary step-up ratio with a 

reasonable duty cycle is essential for improving overall 

efficiency. On the other hand, when energy is released 

from leaky inductance in topologies like the flyback 

converter, voltage spikes arise on the active switch. 

Energy is wasted and dissipation is increased due to the 

leaky inductance of the active switch [22, 23]. Passive 

clamp circuits [23, 24] and active clamp circuits [25, 26], 

both of which may be regarded costly at times, are two 

examples of techniques that can be used to cope with 

issues of this nature. Voltage may be increased using 

switched capacitor converters without the need of any 

magnetic parts [25-28]. It is mentioned in [29] that the 

efficiency of hard-switching switched capacitor boost 

converters is less than 75%. Switched capacitors may 

function better with an additional resonance inductor 

[29,30]. The boosting range is still limited in comparison 

to inductor-based converters, where the duty cycle may 

be adjusted to provide a large range of boosting. The 

input voltage may range from 33 V to 45 V when the PV 

module is connected directly to the dc-dc converter in 

these scenarios, necessitating a large step-up capability 

of the converter. The dc-dc converter's main job is to 

boost the module's voltage to a level that's higher than 

3350 V but lower than 400–700 V. That's why it's so 

important to have a robust step-up skill set. As part of 

this study, a novel high-performance dc/dc converter is 

introduced. Numerous systems, including photovoltaic 

(PV) ones, might benefit from the suggested converter. 

The proposed design has various benefits, including a 

good step-up capacity, low voltage stress on the active 

components, and acceptable efficiency. There are three 

main components that make up the framework of this 

piece. The next part of this article will include some 

steady-state research and a discussion of the suggested 

converter's functionality. The experiments and their 

results are presented in Section 3. Part 4 includes the 

conclusion and a brief review of the preceding chapters. 
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2. PROPOSED HIGH GAIN CONVERTER 

 The suggested converter's configuration is shown in 

Fig. 2. It has three diodes, three inductors, one capacitor, 

and three switches. As a result of a single trigger, all 

three switches and diode D2 turn on and off 

simultaneously. Similar to how the switches work, the 

two additional diodes provide a complementary 

function. When the switches are on, the inductors store 

energy and release it to the output load when the 

switches are off. The small-ripple approximation will be 

used in the subsequent investigation. In addition, the 

converter was developed to run in a mode where 

conduction occurs constantly. To simplify the study of 

the converter, we will assume that the parameters are 

optimal in the future. In Fig.3, we see a graph depicting 

the optimal waveforms for the circuit's essential 

components. Depending on which switches are 

engaged, the converter may function in either of two 

modes. 

 

 

Fig.2. proposed configuration  

 

Fig.3. Ideal key waveforms  

Mode I  

 When the switches are switched on, the system 

enters this state, which is seen in Fig. 4. At the same 

moment, all three switches and diode D2 are activated. 

All three inductors (L1, L2, and L3) are charged from the 

input dc-source in this configuration. As a result of the 

voltage being inverted across diodes D1 and Do, they 

are disabled. The output capacitor Co is releasing its 

charge into the load. The defining equations for this 

operational mode are as follows: 

 

 

Fig.4. Configuration of Mode I  

 

 

 

Mode II  

 Once the switches are switched off, the system 

enters this state, which is seen in Fig. 5. There is a 

simultaneous shutoff of all three switches. As a result, 

power from inductors L1, L2, and L3 is being 

transferred to the output load and output capacitor Co. 

Turning on diodes D1 and Do makes them function as a 

freewheeling diode, maintaining a continuous channel 

for the inductor currents. The defining equations for this 

operational mode are as follows: 
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Fig.5. Configuration of Mode II. 

 

 

The relation between output and input voltage may be 

calculated using eq (1) and eq (2) [18], provided that the 

inductor and capacitor are charged in a balanced 

manner. 

The converter's voltage gain may be calculated using 

the following (3). Values for the input voltage, the 

output voltage, the voltage across capacitor C1, the duty 

cycle, the load resistance, the voltage across inductor L1, 

the voltage across inductor L2, the current through 

capacitor Co, the current across inductor L1, and the 

current across inductor L2 are indicated by the symbols 

Vin, Vo, VC1, D, R, vL1, vL2, ico, il1, and il2. 

In Table II, we can see the effects of the high voltage on 

each part. All of the parts are subjected to stress voltages 

that are less than the final output voltage. For this 

reason alone, this topology is preferable. Selecting a 

device with a lower power rating increases the system's 

efficiency. 

The amount of ripple in the inductor current and 

capacitor voltages is taken into account while designing 

the circuit's parameters. A low current ripple in the 

inductor is essential for continuous-current-mode 

functioning. The ensuing sections detail the design of 

each individual part of the circuit. Figure 6 shows the 

stress placed on components due to voltage changes at 

varying voltage gains. This illustration uses an input 

voltage of 50V. The output diode takes the brunt of the 

voltage stress, whereas diode D1 maintains a constant 

voltage independent of the converter's voltage gain. 

 

 

 

 

Fig.6. Component voltage stress at different voltage 

gain and input voltage 50V  

 

3. PARAMETERS DESIGN 

Inductor L1 design  

It is shown in Fig.7 as a rough drawing of the current in 

the inductor. First, let's calculate the first subinterval's 

change in inductor current,, which is given by the 

formula: 

 

 
Fig.7. Inductor L1 current  

 

 

 

Fig.8 Inductor L2 and L3 currents. 
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The value of the inductor L1 is chosen with the help of 

Equation (5). The input voltage Vin, duty cycle D, 

sampling time TS, and inductor current ripple all affect 

the value of inductor L1. 

Inductor L2 &L3 design  

Fig.8 is a diagram depicting the current via an inductor. 

First, let's calculate the first subinterval's change in 

inductor current,, which is given by the formula: 

 

 
Output capacitor Design Co  

In a similar vein, an equation may be obtained for the 

peak magnitude of the output voltage ripple by 

sketching the voltage waveform across the capacitor. 

Fig.9 shows a representation of the voltage waveform 

across the capacitor. The voltage shift across the 

capacitor, denoted by vo, is proportional to the slope 

times the subinterval duration. 

 
The value of the output capacitor is chosen using (9). 

The output voltageVo, duty cycleD, sampling timeTs, 

and capacitor voltage ripple all play a role in 

determining its value. 

 
Fig.9. Capacitor Co voltage. 

Components of the circuit and the voltages they are 

subjected to are listed in Table 1. Voltage stresses on the 

switches are less than the output voltage, on diode D1 

they are equal to the input voltage, and on diode D2 

they are less than a third of the output voltage. In most 

boost converters, the output diode Do is the sole circuit 

element subjected to high voltage stress. 

 

Table1: TopologyVoltage Stresses 

 

4. RESULTS AND DISCUSSION 

The suggested converter has been tested, and the 

experimental findings based on the laboratory 

prototype confirm its effectiveness. Table 2 lists the 

converter settings that will be used in the proposed 

system. Lab prototype shown in Fig. 9. 

 

Table 2: Specification of design parameters 

 

 

All three of the converter's switches are turned on and 

off at the same time. You can see the pulses being 

applied to the gate-source of the three MOSFETs. 

Applying symmetrical pulses to the three switches 

causes them to all operate at once. Switches S2 and S3 

are under about the same amount of voltage stress as 

one another, whereas switch S1 is under far less. 

There are three diodes in this topology. Diode D1 and 

the power MOSFETs are both active at the same time, 

while diodes D2 and Do work in parallel to provide a 

shunt for the inductor current. 
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High voltage gain and moderate efficiency are both 

desirable in converters used in renewable energy 

applications. High voltage gain and maintaining a 

modest efficiency are both desirable in converters used 

in renewable energy applications. The calculated and 

theoretical voltage gains are shown in Fig. 10. Copper 

losses and on-resistance of the MOSFETs contribute to 

the discrepancy between the observed and ideal voltage 

gain. At 20 V input voltage and 0.7 duty cycle, the 

efficiency of the system is assessed at a variety of power 

levels up to 200 W. As can be seen in Fig.11, the 

converter achieves an efficiency of almost 90%. 

 

 
Fig.10. Ideal and measured voltage gain  

 

 
Fig.11. Measured efficiency  

 
 

Fig.12. Voltage gain comparison among different dc-dc 

step up topologies  

 

Integration of PV systems into preexisting 

infrastructure is a common problem with a number of 

published solutions. All converters used in solar 

applications must have a high step-up capacity. A 

comparison of the suggested topology's voltage gain to 

that of existing transformerless topologies can be seen in 

Fig.12. On this graph, the voltage gain from all 

converters with varied duty cycles is shown. Out of all 

the provided converters, the conventional boost 

converter has the weakest boosting capacity, whereas 

the suggested converter has the biggest gain of the 

alternative topologies. 

 

5. CONCLUSION  

High-gain transformerless dc/dc converter design for 

usage in renewable energy systems is the topic of this 

article. There is a new configuration with an extra step. 

The designed setup had respectable efficiency with 

impressive step-up capability. The converter's operating 

principle and analytical analysis are shown and 

investigated in depth. We've successfully implemented 

a prototype in the lab. Researchers have examined a 

variety of use situations to verify the converter's 

boosting capacity and efficiency. In the literature, you 

may find a thorough analysis of the suggested 

configurations in relation to alternative transformerless 

topologies. The theory is supported by the experiments. 
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