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Abstract: A two input boost stage power electronic DC-DC converter with high voltage gain is put forward. From the 

input sources, a continuous current is being drawn using proposed topology. Using the proposed converter it is easy to 
attain a gain of 20 along with the advantage of drawing continuous current from input. The procedure for selection of 

components and design of components for the proposed converter is described. The suggested converter with 

𝐕𝐢𝐧=20,𝐕𝐨𝐮𝐭 =400V and power rating 400W is verified by simulating in MATLAB. 
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I. INTRODUCTION 

 

As use of renewable sources is increasing rapidly, 

application of dc-dc converter with high voltage gain is 

increasing in green energy system. They find applications 
in high intensity discharge lamp for automobile 

headlamps, servo motor drives, X-ray power generators, 

computer periphery power supplies and uninterruptible 

power supplies [1]. 

In classical buck-boost, boost converter large switch duty 

ratios are needed to attain a high voltage gain. High 

current stress is created due to large duty cycle in the boost 

switch. Parasitic resistive components limit the maximum 

voltage gain in the circuit and because of large duty ratio 

efficiency is dramatically decreased. Furthermore 

converter efficiency is decreased due to large ripples on 

the output voltage and input current [2]. Usually to attain 
high conversion ratios of voltage, use of coupled inductor 

or high frequency transformer is in practice [3-12]. To 

attain large gains, transformers need higher number of 

winding turns. This results in complicated design of 

transformer and increased leakage inductances because of 

which voltage spikes are seen across the switch. To 

suppress these voltage spikes voltage clamping methods 

are used. 
 

A new DC-DC converter with high voltage gain is 

presented to attain high voltage conversion ratio. Like a 

multiport converter, the new converter is able to draw 

power from two independent dc sources [13,14]. Low 

current ripple continuous input current is drawn from input 

sources and which is necessary in applications like solar. 

To minimise voltage stress on the switches numerous 

diode capacitor stages are cascaded which also boost 

voltage gain of converter. 
Cockcroft–Walton voltage multiplier, interleaved boost 

converter is also a similar converter[15,16]. The  

 

 

disadvantage of this converter is that as the number of 

multiplying stages increases, there is rapid increase in 

output impedance. For higher gains output impedance 
increases, which directly affect the output voltage 

regulation and converter efficiency [17]. 

 

II. OVERVIEW OF TOPOLOGY AND OPERATING 

MODES 

 

The presented topology in this paper is motivated from 

Dickson charge pump[20]. Two interleaved boost stages 

are cascaded with capacitor diode voltage multiplier 

stages. The purpose of voltage multiplier stage is to 

amplify the output from two boost stages in overall to 

attain higher voltage gain. Total number of voltage 
multiplier stages and switch duty ratio of boost stage 

decides the overall voltage gain of converter. For good 

understanding, proposed topology with four voltage 

multiplier stage is shown fig 1. Similar study is possible 

for N stage converter.  

 

 
Fig. 1.proposed topology  
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During operation of proposed topology when both 

switches are conducting, there is always overlapping time 

which means either of the switches is always conducting 

as shown in fig 2. Therefore topology has 3 operating 

modes. 

 

 
Fig. 2.Switching signals for input boost stage 

 

A. MODE 1 

Switches S1 and S2 are always conducting in this mode of 

operation. Input sources Vip1 , Vip2  are continuously 

charging inductors which result in linear increase in 

current through inductor. Voltage multiplier stage diodes 

and output diode Dop  are not conducting since they are   

reverse biased. Only means of supplying load is output 

capacitor Cop  because the voltages of capacitors of voltage 

multiplier stage are unaltered.  

 

B. MODE 2 

Only switch S2 is conducting in this mode of operation. 

Since switch S2 is ON it forward biases all odd numbered 
diodes. All the odd numbered capacitors charged and even 

numbered capacitors are discharged due to the flow of 

inductor current  IL1. Output diode Dop  reverse biases, 

output capacitor supplies load when there are odd number 

of voltage multiplier stages otherwise output diode 

forward biases and charges output capacitor when number 

of voltage multiplier stages are even. 

 

C. MODE 3 

Only switch S1 is conducting in this mode of operation. 

Since switch S1 is ON it forward biases all even numbered 

diodes.  All the odd numberedcapacitors discharged and 

even numbered capacitors are charged due to the flow of 

inductor current  IL2. Output diode Dop  reverse biases, 

output capacitor supplies load when there are even number 

of voltage multiplier stages otherwise output diode 

forward biases and charges output capacitor when number 

of voltagemultiplier stages are odd. 
 

III. CONVERETR VOLTAGE GAIN 

 

Voltage multiplier stage continuously transfers charge 

from input to output. 
 

Node voltages of upper boost stage 

 VC1 =  VC3 − VC2 =  Vop  −   V4 =
V ip 1

1−D1
 (1) 

whereD1 is duty cycle of switch 1. 

 

Node voltages of lower boost stage 

VC2 −  VC1 =  VC4 −  VC3 =
V ip 2

1−D2
  (2) 

Where D2 is duty cycle of switch 2. 

From (1) and (2) 

VC1 =  
Vip1

1 − D1

 

VC2 =
V ip 1

1−D1
+

V ip 2

1−D2
   

VC3 =
2Vip 1

1 − D1

+
Vip2

1 − D2

 

VC2 =
2Vip 1

1 − D1

+
2Vip 2

1 − D2

 

Output voltage from equation (2)   

Vop = VC4 +
Vip 1

1 − D1

 

Vop =
3Vip1

1 − D1

+
2Vip2

1 − D2

 

Generalised equations for capacitor voltages of P number 

of voltage multiplier stages  

𝑉𝐶𝑞 =  
𝑞 + 1

2
 

𝑉𝑖𝑝1

 1 − 𝐷1 
+  

𝑞 − 1

2
 

𝑉𝑖𝑝2

 1 − 𝐷2 
 

where q is odd and q<=P 

𝑉𝐶𝑞 =  
𝑞

2
 

𝑉𝑖𝑝1

 1 − 𝐷1 
+  

𝑞

2
 

𝑉𝑖𝑝2

 1 − 𝐷2 
 

where q is even and q<=P  

Output voltage equation depending on whether number of 
stages is even or odd 

𝑉𝑜𝑝 =  𝑉𝐶𝑃 + 
𝑉𝑖𝑝2

 1 − 𝐷2 
 

𝑉𝑜𝑝 =  
𝑃 + 1

2
 

𝑉𝑖𝑝1

 1 − 𝐷1 
+   

𝑃 + 1

2
 

𝑉𝑖𝑝2

 1 − 𝐷2 
 

when P is odd 

𝑉𝑜𝑝 =  𝑉𝐶𝑃 +
𝑉𝑖𝑝1

 1 − 𝐷1 
 

𝑉𝑜𝑝 =  
𝑃 + 2

2
 

𝑉𝑖𝑝1

 1 − 𝐷1 
+   

𝑃

2
 

𝑉𝑖𝑝2

 1 − 𝐷2 
 

when P is even 

 

IV. CHOICE OF COMPONENTS  

 

A. Selection of inductor  

Procedure for inductor design is same as that of regular 

boost converter. Choice of value of inductor should be 

such that continuous conduction mode of boost stage is 

ensured. 

 

Minimum value of inductor required is calculated as 

below 

𝐿1𝑚𝑖𝑛 =
𝑉𝑖𝑝1𝐷1 1 − 𝐷1 

 𝑃 + 1 𝐼𝑜𝑝𝐹𝑠
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𝐿2𝑚𝑖𝑛 = 
𝑉𝑖𝑝 2𝐷2 1−𝐷2 

 𝑃+1 𝐼𝑜𝑝 𝐹𝑠
 when P is odd  

𝐿1𝑚𝑖𝑛 =
𝑉𝑖𝑝1𝐷1 1 − 𝐷1 

 𝑃 + 2 𝐼𝑜𝑝𝐹𝑠

 

𝐿2𝑚𝑖𝑛 =
𝑉𝑖𝑝 2𝐷2 1−𝐷2 

 𝑃 𝐼𝑜𝑝 𝐹𝑠
 when P is even   

where P is the number of voltage multiplier stages. 

 

B. Selection of capacitor  

The choice of capacitor relies on the factor that how much 

quantity of charge the specific capacitor can transfer to 

output for required output voltage ripple and is given by 

𝑞𝑜𝑝 =  𝐶𝑜𝑝 ∆𝑉𝑜𝑝 =
𝐼𝑜𝑝

𝐹𝑠
(1 − 𝐷) 

Where D can be 𝐷1 or 𝐷2 depending on the number of 

voltage multiplier stages. 
 

V. SIMULATION RESULTS 

 

Switching frequency of converter is 100KHz. Components 

list for experimental prototype is given below. 
 

TABLE I COMPONENT LIST 
 

Component Reference Rating Part no 

Inductor 𝐿1,𝐿2 100µH  

MOSFET 𝑆1 , 𝑆2 55V,45A

𝑅𝐷𝑆(𝑜𝑛 ) =
17.5mΩ 

IRFZ44N 

Diode  𝐷1 , 𝐷2 ,𝐷3 , 𝐷4 

𝐷𝑜𝑝  

400-

600V,8A 

MUR840/ 

860 

Capacitor  𝐶1 ,𝐶2 , 𝐶3 ,𝐶4 20µf  

Capacitor 𝐶𝑜𝑝  22µf  

 

A comprehensive simulation model of two input boost 

stage power electronic DC-DC converter with high voltage 

gain is presented below.  

 

 
Fig.3. MATLAB model for proposed topology 

 

Here batteries are used for both the input sources. Output  

voltage of converter is compared with constant value to 

generate error signal. This error signal is given to PID 

controller. The error signal compared with a reference 

signal to generate PWM signal. Generated PWM signal is 

given as gate pulses for switches. 

 

 
Fig.4 Converter output voltage 

 

 
Fig. 5. Converter output current 

 

VI. CONCLUSION 

 

The main feature of this topology is diode capacitor 
voltage multiplier stage. Number of voltage multiplier 

stage decides the voltage gain. It can draw continuous 

current from input sources. This topology can be 

connected to independent energy sources. Successful 

simulation of the converter was conducted and for input 

voltage of 20V, an output of 400V was obtained with a 

gain of 20. 
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