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Abstract In this article, a new high gain dc/dc converter 

is proposed that can be used with applications that 

require elevating output voltage to higher voltage-level 

such as PV applications. The proposed configuration is 

able to achieve high-voltage-gain, compared to any other 

transformerless topologies. The voltage stresses on the 

active MOSFETs are lower than half of the output 

voltage. Hence, low rated components are selected. The 

principles of operation of the two configurations are 

analyzed in details. Hardware prototype is implemented 

in the lab, in order to verify the analytical analysis of the 

topology. 

Keywords: Ultimate boost dc/dc boost converter, low 

voltage stress, Renewable.  

1 Introduction

 

Nowadays, dc/dc converters are existing in most of 

the industrial applications [1]-[2]. In case of applications 

such as photovoltaic (PV) energy systems, a step-up 

dc/dc boost converter is mandatory to boost low voltage 

to high voltage to enable grid integration or supply 

power to an islanded load. In most of the practical cases, 

the converter is configured to generate output voltage 

around 400 V with input voltage ranges from 18 to 50 V 

only [3]-[5].  

DC/dc converters are classified into isolated and 

non-isolated topologies [6]-[8]. Ideally, the traditional 

boost converter is able to provide an infinite boosting 

ratio. However, practically, the step-up ability is limited 

and restricted by power devices parasitic components, 
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capacitance and inductance, and conduction losses 

caused by resistances and diodes voltage drops. Another 

limitation for having such very high step-up ratio is that 

triggering the power switch at high duty cycle may cause 

reverse recovery problems and magnetic saturation 

issues [9]-[12]. 

Non-isolated converters are preferred where low size 

and higher efficiency is important, however lack of 

isolation may cause safety issues. Non-isolated 

topologies could be categorized into coupled and 

non-coupled topologies [13]-[15]. 

Utilization of coupled inductors in some topologies 

added different benefits such as low stress of the 

switching devices, and improves the voltage gain of the 

converter, However, due to leakages, high voltage spikes 

are expected and make the utilization of clamping 

circuits are mandatory [16]-[18]. 

Non-coupled topologies reported in the literature use 

different approaches to achieve high voltage gain ability 

such as capacitor-diode voltage multiplier cell. Switched 

inductors/capacitors and cascading of two or more 

converters [19]-[21].  

A class of high voltage gain converters have been 

reported in the literature called quadratic boost 

converters can generate high voltage gain without using 

extreme duty cycle, however with increase in the input 

power their efficiency is decreasing drastically [22]-[24]. 

Z-source and its modified version which is so called 

quasi z-source are a type of non-isolated high gain boost 

converters, where the is replaced by an impedance 

network, main drawback is their restricted duty cycle 

operation [25]-[27].  

Interleaved boost converters are used in high power 

applications where they provide better efficiency than 

boost converters in high power. The problem with 

interleaved converters is that a voltage boost circuit is 

needed at the end to increase the gain of the converter 

[28].  

This manuscript presents a new dc/dc converter with 
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high step-up ability to be used in renewable energy 

systems. The proposed topology has some distinct 

advantage such as high step-up capability, low 

voltage-stress on the active devices, and 

moderate-efficiency. The proposed configuration is 

convenient to PV applications or any other application 

that requires to elevate output voltage to a higher level 

and having continuous current drawn from the input 

side. 

2 Proposed High Step-Up Converter 

Configuration of the proposed converter is depicted 

in Fig.1. It consists of three-diodes, three-inductors, 

one-capacitor, and three-switches. The three switches 

and diode D2 are triggered on and off simultaneously. 

The two other diodes are operating in a complementary 

manner to the switches. Inductors are charged when the 

switches are turned on and discharge their energy to the 

output load once switches are turned off. In the 

upcoming analysis, the small-ripple approximation is 

used. And, the converter is designed to operate in 

continuous conduction mode. Parameters are assumed to 

be ideal in the upcoming analysis, in order to ease the 

analysis of the converter. A graph of the ideal key 

waveforms of circuit devices are shown in Fig.2. The 

converter has two modes of operation depending on the 

switches are turned on or off. 
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Fig.1. proposed configuration 
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Fig.2. Ideal key waveforms. 

A.  Mode I 

This mode is activated once the switches are turned 

on, the depiction of this mode is illustrated in Fig.3. The 

three switches and diode D2 are turned on at the same 

time. In this mode inductor L1 is charging from the input 

dc-source, and inductors L2 and L3 are charging from 

input dc-source. Diodes D1 and Do are having reverse 

voltage and they are turned off. Output capacitor Co is 

discharging its energy to the load side. The characteristic 

equations that describe this mode of operation is as 

follows: 
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Fig.3. Configuration of Mode I. 
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B.  Mode II 

This mode is activated once the switches are turned 

off, the depiction of this mode is illustrated in Fig.4. The 

three switches are turned off at the same time. In this 

mode inductors L1, L2 and L3 are discharging their 

energy into output load and output capacitor Co. In order 

to keep a continuous path for the inductor currents, 

diodes D1 and Do are working as a freewheeling diode 

and they are turned on. The characteristic equations that 

describe this mode of operation is as follows: 
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Fig.4. Configuration of Mode II. 
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Considering inductor charge-balance and capacitor 

charge balance the relation between output and input 
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voltage can be obtained from eq (1) and eq (2) [18]. 

The voltage gain of the converter is given by equation 

(3). Where Vin, Vo, VC1, D, R, vL1, vL2, ico, il1, il2 are 

denoted to input voltage, output voltage, capacitor C1 

voltage, duty cycle, load resistance, inductor L1 voltage, 

inductor L2 voltage, capacitor Co current, inductor L1 

current, and inductor L2 current, respectively. 

Voltage stress of each component is depicted in 

Table. II. all components have voltage stress lower than 

the output voltage. This is the unique advantage of this 

topology. It enables the selection of low rating device 

and this improves the overall efficiency of the system.  

Circuit parameter design is based on the amount of 

ripple desired in the inductor current and capacitor 

voltages. In order to maintain CCM operation inductor 

current ripple is designed to be small. Design of each 

component of the circuit is given in the upcoming 

sections. 

Component voltage stress at different voltage gain is 

depicted in Fig.5. in this figure, input voltage is set to 

50V. Diode D1 has fixed voltage regardless of the 

voltage gain of the converter, while output diode is the 

component under the highest voltage stress. 
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Fig.5. Component voltage stress at different voltage 

gain and input voltage 50V 

 

A.  Inductor L1 design 
the inductor current is sketched in Fig.6. During the 

first subinterval, the change in inductor current,      , 

is equal to the slope multiplied by the length of the 

subinterval value, or 
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Fig.6. Inductor L1 current. 
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Fig.7. Inductor L2 and L3 currents. 
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 Equation (5) is used to select the inductor L1 value. 

Inductor L1 value depends on the input voltage Vin, duty 

cycle D, sample time TS and inductor current ripple    . 

B.  Inductor L2 &L3 design 

the inductor current is sketched in Fig.7. During the 

first subinterval, the change in inductor current,      , 

is equal to the slope multiplied by the length of the 

subinterval value, or 
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C.  Output capacitor Design Co 

   

Likewise, the capacitor voltage waveform can be 

sketched and an expression derived for the output 

voltage ripple peak magnitude,  𝑣𝑜. The capacitor 

voltage waveform is sketched in  Fig.8. The change 

in the capacitor voltage, −  𝑣𝑜, is equal to the slope 

multiplied by the length of subinterval: 
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 (9) is used to select output capacitor value. Its value 

depends on output voltage Vo, duty cycle D, sample 

time Ts and capacitor voltage ripple ov . 
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Fig.8. Capacitor Co voltage. 

 

Voltage stress of circuit components are given in 

Table 1. Switched are under voltage stress lower than 

the output voltage, diodes D1 has voltage stress equal to 

the input voltage, while D2 is under stress lower than 

one-third of the output voltage. Output diode Do is the 

only circuit device which is under high voltage stress, 

which is common on most of the boost converters. 

 

Table1 Topology Voltage Stresses 

Device Voltage stress 

S1 (Vo+2Vin)/3 

S2 (2Vo+Vin)/3 

S3 (2Vo+Vin)/3 

D1 Vin 

D2 (Vo-Vin)/3 

Do Vo+Vin 

 

5 Results and discussion 

The performance of the proposed converter is verified 

by the experimental results based on laboratory 

prototype. The parameters of the proposed converter are 

given in Table 2. The prototype implemented in the 

laboratory is illustrated in Fig.9. 

Table 2 Specification of design parameters 

Vin Input Voltage 20-40V 

Vo Output Voltage 200-450 

L1, L2 Input Inductor 3 mH 

Cin Input Capacitor 260 F 

C1 Parallel capacitor 260 F 

Co Output Capacitor 260 F 

S1 and S2 Power Mosfet IRFP264 

D1, D2 Power Diode BYV72EW-200 

Do Output Diode BYV72EW-200 

FS Switching Frequency 10 KHZ 

Po Output Power 150 W 

 

The three switches of the converter are triggered on 

and off simultaneously. Pulses applied to the three 

MOSFETs gate-source are depicted in Fig.10. As a 

result of applying symmetrical pulses to the three 

switches, this leads to synchronous operation of the three 

switches. Switches S2 and S3 have similar voltage stress 

while switch S1 has lower voltage compared to the other 

switches. 

The topology includes three diodes. Diode D1 are 

operating simultaneously with the power MOSFETs, 

while D2 and Do are operating in complementary manner 

to provide a freewheeling path to the inductor current. 

In Fig.11, the relation between output voltage, switches 

S1 and S2 and output diode are depicted. 

Two desired features for converters operating in 

renewable energy application; high voltage gain and 

maintain a moderate efficiency. Two desired features for 

converters operating in renewable energy application; 

high voltage gain and maintain a moderate efficiency. 

In Fig.12, the duty cycle is set to 0.35 and the voltage 

gain is around 2.5 times of the input voltage. Fig.13 is a 

depiction of the ideal voltage-gain and measured 

voltage-gain. The difference between measured voltage 

gain and ideal voltage gain is due to the effect of copper 

losses and on-resistance of the MOSFETs. 

The system efficiency is measured at a different point 

till 200 W, with input voltage set to 20 V and duty cycle 

set to 0.7. the converter gives efficiency around 90 % as 

shown in Fig.14. 
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Fig.9. Hardware Photocopy. 
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Fig.10. Converter switches pulses. 
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Fig.11. Switches S1 and S2, output diode reverse 

voltage and output voltage 
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Fig.12. Case study of voltage gain of 2.5 times with 

duty cycle set to .35. 
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Fig.13. Ideal and measured voltage gain. 
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Fig.15. Voltage gain comparison among different 

dc-dc step up topologies. 
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Table 3 state of the art comparison 

Converter Switch 

Count 

Inductor 

Count 

Capacitor 

count 

Diode 

Count 

Voltage gain Voltage stress 

[29] 2 4 3 7 (3+D)/(1-D) S1: 2Vo/(3+D) 

S2:(1+D)/(3+D) 

[30] 2 2 4 6 (3-3D+D2
)/(1-D)

2
 S1: Vo/(3-3D+D2

) 

S2: Vo/(3-3D+D2
) 

[31] 1 4 6 3 (3D)/(1-D) S: Vo/(3D) 

[32] 2 2 2 4 (5+D)/(1-D) S: Vo/(5+D) 

proposed 3 3 1 3 2(1+D)/(1-D) S1: (Vo+2Vin)/3 

S2: (2Vo+Vin)/3 

 
 
Many solutions have been provided in the literature to 

the incorporation of PV system into existing systems. 

Providing high step-up capability is a mandatory 

characteristic for any converter are used in photovoltaic 

applications.  Fig.15 provides a voltage gain 

comparison between the proposed topology and other 

transformerless topologies exist in the literature. The 

graph is plotting the voltage gain of all converters with 

duty cycle varying duty cycle. The traditional boost 

converter has the minimum boosting capability among 

all presented converters, while proposed converter has 

the highest gain among different topologies. A 

comparison in point of view parameter counts and 

parameter stress is illustrated in Table 3. 

7 Conclusion 

This article focuses on developing high-gain 

transformerless dc/dc converter for renewable energy 

applications. A new step-up configuration has been 

presented. The developed configuration featured high 

step-up ability with acceptable efficiency. Principle of 

operation, analytical analysis of the converter is 

illustrated and studied in detail. Laboratory prototype 

has been implemented.  Different cases of studies have 

been studied to validate the boosting ability and 

efficiency of the converter. A comprehensive 

comparison between the proposed configurations and 

other transformerless topologies exist in the literature. 

Experimental results comply with the theoretical 

analysis.  
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