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In recent days there is need for high voltage from the renewable energy sources and the renewable 

energy is harvested in low voltage levels to solve the issues the paper proposes a hybrid converter for 

boosting high voltage with less ripples and low current. The proposed converter is proved to be much 

efficient then the individual DC-DC converter and can withstand the changes in the input voltage from the 

renewable sources such as photovoltaic panels and fuel cells. The results of the proposed converter are 

compared with the conventional DC-DC converters in the terms of output voltage and the output current.  

The result indicating that the proposed converter is efficient with higher output voltage and low current 

which is suitable for medical applications. 
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I. INTRODUCTION 

In the day to advancing world the need for high 

voltage in the field of medical science is increasing 

and to meet the requirement of such applications 

the proposed converter is found to be suitable. The 

ultimate application of medical science is to 

improve to diagnose and cure the health issues 

accurately. Hybrid converter is used for producing 

constant output voltage since the renewable is 

found to be varying depending upon the input 

variation in the climatic conditions [1]. The bi fly 

back model is proved to be effective with soft 

switching since it reduces the transformer core loss 

and reduces the stress in the switch [2]. Another 

main development in the field of bio-medical is 

non-lethal and non-ionising ultrasonic waves for 

diagnosing and examining of the human body [3]. 

In the laser surgery the bi-polar high voltage pulses 

are used these are generated from the solid-state 

generators in the Marx generators [4]. In the 

fly-back converter the high voltage transmission 

causes the voltage spikes in the transformer 

winding in can affect the input voltage in the 

primary circuit which is compensated by the 

addition of fly-back snubber [5].  The prominent 

features of the proposed drivers are the capacitive 

isolation feature, inherent low line current 

distortion, and high-power factor [6]. The HVLP 

fly-back converter is used for achieving steady 

state high voltage with the help of parasitic 

capacitances to secondary side of the fly-back 

transformer [7]. X-ray diagnostic tube requires the 

voltage level of 150KV to operate the propose a 

novel interleaved converter with ISABC and 

CISABC model for higher voltage gain [8]. The 

paper proposes an interleaved structure for high 
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voltage with planar transformer for multiple output 

sources with LC-LC converter [9]. The high voltage 

high frequency voltage can be achieved by the use 

of GaN based switch for soft switching operation 

and higher switching speed [10]. The Fly-back 

circuit works in discontinuous conduction mode 

(DCM) to realize the power factor correction (PFC) 

function, and the Class-E circuit is used as DC-DC 

converter to transform the energy to the LED load. 

The integrated topology can decrease the cost of 

system. Moreover, the Class-E converter provides 

soft switching operation in resonant mode, which 

can improve the converter efficiency [13]. A high 

efficiency step-up and step- down converter for 

conversion it uses a clamp capacitor as an active 

capacitor and energy is stored in the leakage 

inductances is recycled [14]. It uses an active 

clamp fly-back to achieve a soft switching at high 

switching frequency and high power and secondary 

side is provide with a resonance to achieve reduced 

rms current in the primary side to improve the 

efficiency [15].   

II. NEED FOR HYBRID CONVERTER 

 Since both the converters have some drawbacks 

individually, we can mitigate these drawbacks by 

merging these two converters effectively in the way 

they componentizing each other. Boost converter 

has the drawbacks such as high EMI from the large 

output capacitors, it cannot maintain a higher 

efficiency at duty cycle above 60%, so that cannot 

be used for high voltage applications, there is no 

isolation between the input and output sides. 

Similarly, the fly-back has the following drawbacks 

such as more EMI and leakage reactance because 

of the huge air gap, ripple current is high, higher 

core losses because of huge inductance and large 

capacitance at the output side. The 

above-mentioned drawbacks in both converters 

can compensated by merging both the converters 

in a way that it doesn’t affect the individual 

performance of parental converters. 

 

III. CIRCUIT CONFIGURATION AND WORKING 

The proposed converter is merge of conventional 

converter such as boost converter and bi fly-back 

converter by using the advantages of both the 

parental converters. The boost converter has the 

ability to operate at the medium and high voltage 

applications and fly-back can operate in the OFF 

condition so that the output voltage gain is high. a 

hybrid step-up converter can be designed by 

combining the advantages of both converters for a 

wide input range operation. There are different 

varieties of converters are available other than this 

two, though by considering various parameters like 

the number of components, compactness, transfer 

efficiency, voltage stress over switch and gain 

factor, these two are the best options for designing 

a hybrid converter in this context. While designing 

a hybrid converter, various challenges have to be 

considered. While integrating one converter with 

another, there should not be a performance conflict 

between the converters. Simultaneously, the 

individuality should be maintained as well as the 

disadvantages should be mitigated. In the 

proposed topology the bi fly-back is used which 

reduces the transformer voltage spikes in the 

primary voltage side and improve the quality of the 

input voltage in the transformer. The proposed 

converter consists of one switch S1, three diodes 

(D1, D2, D3), two capacitor (C1 & C2) and resistive 

load. The proposed converter can operate in two 

modes of operation based on the switch status. 

 
Fig. 1 Circuit diagram of proposed converter 

MODE 1: 

 
Fig.  2 Mode 1 operation 

 In mode 1 operation, the switch s1 is turned ON 

so the primary side of the fly-back transformer is 

charged along with the inductor from the DC 

voltage sources. The output capacitor will provide 

power to the load un-interrupted by the energy 
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stored from the previous operations. The current 

will flow from the supply voltage and charges the 

inductor L1 and the primary winding of the 

fly-back transformer. The magnitude of the current 

in the primary winding is given by I_P^2, 

The input voltage is given by, 

𝑉𝑖𝑛 = 𝐿𝑝𝑟𝑖 ∗
𝑑

𝑑𝑡
𝑖𝑝𝑟𝑖           (1) 

During the ON state, the inductor current is 

given by, 
𝑑

𝑑𝑡
𝐼𝐿 =

𝑣𝑖𝑛

𝐿
             (2) 

At the end of the ON state the inductor current is 

given by, 

𝐼𝐿(𝑜𝑛 ) =
𝑑

𝑑𝑡
 
𝐼𝑝

2

2𝐿
 𝑉𝑖𝑛           (3) 

Where I_(p )is the magnitude of the current in the 

inductor 

The voltage drop on the diode is given by,  

𝑉𝑑𝑖𝑜𝑑𝑒 = 𝑉𝑜 + 𝐸𝑑𝑐 ∗
𝑁2

𝑁1
         (4) 

MODE 2: 

 In mode 2, the energy stored in the primary 

inductance of the fly-back transformer is 

transferred into the secondary winding during the 

off condition. The energy stored from the secondary 

windings ofthe fly-back transformer is transferred 

to the output capacitances C0 through the 

diodes(D1&D2). The inductor L1 discharges the 

stored energy via of capacitor C2 thus transferred 

to the load side.  

 
 

Fig.  3 Mode 2 operation 

During the OFF state, the inductor current is 

given by, 

 
𝑑

𝑑𝑡
𝐼𝐿(𝑜𝑓𝑓 ) =

(−𝑉𝑜 (𝑉𝑖𝑛−𝑉𝑜 )(1−𝐷)𝑇)

𝐿𝑠𝑒𝑐
      (5) 

 

The output power can be expressed by the 

equation, 

  𝑃𝑜 =
1

2
𝐿𝐼𝑝

2𝐹𝑠𝑤𝑖𝑡𝑐            (6) 

The total inductor is given by 𝐼𝐿 = 𝐼𝑜𝑛 + 𝐼𝑜𝑓𝑓  

The output voltage 𝑉𝑜  can be given by, 

 𝑉𝑜 = −
𝑁2

𝑁1
.𝑉𝑖𝑛  

1+𝐷

1−𝐷
          (7) 

The voltage stress in the switch is given by, 

 𝑉𝑜𝑢𝑡 = −
𝑁2

𝑁1
.

𝐷

1−𝐷
.𝑉𝑖𝑛        (8) 

 

IV. SIMULATION DIAGRAM AND DESIGN 

PARAMETERS 

 The simulation of the proposed converter is 

carried out in the MATLAB simulation with 

parameter based on the individuality of the 

parental converters. The simulation and design 

parameters of the proposed hybrid converter is 

discussed below.   

 Design of the fly-back transformer involves the 

following parameters. 

𝑉𝐿 = 𝑁𝐵𝐴 

𝑉𝑚𝑖𝑛  
1

2𝐹
 = 𝑁𝐵𝑚𝑎𝑥 𝐴 

         𝑁𝑚𝑖𝑛 =
𝑉𝑚𝑎𝑥

2𝑓𝐴𝐵𝑚𝑎𝑥

 

𝑁𝑚𝑖𝑛 , 𝑖𝑠 𝑡𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠  

           𝑡𝑜 𝑎𝑣𝑜𝑖𝑑 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 

                Turns ratio 
𝑁𝑠

𝑁𝑝
= 2

𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
 

The following formulas are used for the design of 

the proposed hybrid converter 

Storage inductance 𝐿1 =
𝐷(1−𝐷)2𝑅𝐿

2𝐹
 

Capacitances 𝐶1&𝐶2 =
 1−𝐷 

𝑓∗𝑅𝐿∗𝑅𝑖𝑝𝑝𝑙𝑒 %
 

Output capacitance=𝐶0 =
𝐼𝑜𝑢𝑡  𝑚  ∗𝐷

𝑓𝑠∗∆𝑉𝑜𝑢𝑡
 

Load resistance 𝐿𝑅 =
𝑇𝑜𝑡𝑎𝑙   𝑣𝑜𝑙𝑡𝑎𝑔𝑒  𝑜𝑓  𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟

𝑇𝑜𝑡𝑎𝑙  𝑐𝑢𝑟𝑟𝑒𝑛𝑡  𝑜𝑓  𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟
 

 
Fig.  4 Simulation Diagram of proposed converter 
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TABLE 1: Specification of The Proposed Converter 

S.NO PARAMETERS VALUES 

1 Input Voltage 24V 

2 Output Voltage 128V 

3 Switching Frequency  100KHZ 

4 Duty cycle 70% 

5 Inductance L1 50mH 

6 Capacitor C1&C2 22µF 

7 Output capacitance C0 300 µF 

8 Load Resistance RL 145Ω 

 

V.SIMULATION RESULTS AND DISCUSSION 

 The following session contains the results and 

the comparison of the proposed converter with 

other conventional converters and results are 

discussed. The proposed converter has 5 times 

more voltage gain then the other conventional 

converters. 

 
Fig.  5 Output Voltages 

 The figure 5 shows the output voltage of the 

proposed converter across the load resistances. 

 
Fig.  6 Output current 

 The figure 6 represents the load current of the 

proposed converter. 

 
Fig.  7 Inductor Voltages 

 
Fig.  8 Inductor Current 

 The figure 7&8 represents the Inductor voltage 

and current of the proposed converter. 

 
Fig.  9 Voltage stress on the Switch S1 
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 The figure 9 represents the voltage stress across 

the switch S1 in the proposed converter. 

 

 
Fig.  10 Performance of proposed converter 

 

VI. CONCLUSION 

 The paper proposes a hybrid converter for high 

voltage application. The normal drawbacks in the 

conventional converter like boost and fly-back 

converter is overcome by the proposed converter. 

The losses such as transformer core loss, switching 

frequency losses are reduced. The converter is 

proved to be have high gain than the parental 

converter and maintain their individuality to rectify 

their own disabilities. Hybrid converter reaches the 

5 times gain level with reduced voltage distortion. 

The results for various input voltages are compared 

with other conventional converters and displayed. 

The proposed converter is proved to be much more 

robust than the conventional converters. 
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