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ABSTRACT 

This paper presents a DC-DC conversion technique using Positive Output Super-lift Luo Boost Converter 

circuit. In recent trends, in various industries DC-DC conversion has gained greater importance for various 

applications. This DC-DC conversion can be conveniently obtained by Super-lift Luo Boost converter. By 

employing voltage lift technique, output voltage is increased stage by stage in arithmetic progression. But by 

using Super-lift technique, output voltage is increased in geometric progression. Super-lift Luo converters are 

generally useful for high output voltage applications over the years. These converters enhance the voltage 

transfer gain very effectively. An extensive simulation of Super-lift Luo Boost Converter is carried out on the 

basis of reference values in MATLAB/Simulink environment. In order to calculate the converter parameters 

MATLAB program has been used. 
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I. INTRODUCTION 
In DC-DC Converter circuit design, voltage lift 

(VL) and super-lift (SL) technique are popular 

method widely used for boosting the voltage [1]. In 

recent years these techniques have been successfully 

employed in DC-DC converters and have opened 

various opportunities to design high voltage gain 

converters. However in voltage lift technique the 

output voltage increases stage by stage in arithmetic 

progression and that in super-lift technique the output 

voltage increases in geometric progression [2]. In 

power series, the voltage transfer gain is effectively 

enhanced due to this technique [3]. 

These converters are generally termed as; 

“positive output Super-Lift Luo Boost converters” in 

order to sort these converters different from existing 

voltage lift converters [4]. The series of these positive 

output super-lift converters can be divided into main 

series and additional series. Each main series circuit 

contains one switch „S‟, „n‟ inductors, (3n-1) diodes 

and „2n‟ capacitors. The conduction duty ratio is „k‟, 

switching frequency is „f‟ (period T=1/f), the load is 

resistive output current is Io. For increasing the stages 

only passive elements are increased where as the 

number switch is not changed and is kept only 

one[5]-[7]. Assuming no power loss during 

conversion process, Vin*Iin=Vo*Io. The voltage 

transfer gain is G: G = Vo/Vin. 

The section II describes the complete analysis of 

the Main series circuit like Elementary circuit, Re-lift 

Circuit and Triple- Lift circuit. Section III reflects the 

various stages of Positive Output Super-Lift 

Converter. It also covers voltage gain of various DC-

DC converters. Section IV contains the mathematical  

 

calculation for various circuit parameters of 

Elementary circuit of a Positive Output Super-Lift 

Luo Converter using a MATLAB Program. Section 

V shows the simulated results of the Elementary 

circuit, Re-lift circuit and Triple-Lift circuit of 

Positive Output Super- Lift Luo Converter. 

 

II. MAIN SERIES 
Positive output super-lift converters are being 

shown for first three stages. For simplicity to explain, 

the Super- Lift Luo converter circuits are called as 

Elementary circuit, Re-lift circuit and Triple-lift 

circuit, respectively. These series may be numbered 

as n=1, 2, 3. 

 

2.1 Elementary circuit of Positive Output SL 

Converter 

The elementary circuit along with its equivalent 

circuits during switch-on and switch-off period is 

shown in Fig. 1. The voltage across capacitor C1 is 

charged to Vin during switch-on period. The current 

flowing through inductor L1 is iL1 and increases with 

input voltage Vin during switch-on period kT. 

     The inductor current 1Li  decreases with voltage 

(Vo-2Vin) during switch-off period (1-k)T. Therefore 

the ripple of the inductor current iL1 ; 
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The voltage transfer gain: 
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The variation ratio of inductor current 1Li : 
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The ripple voltage of output Vo : 
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Therefore, the variation ratio of output voltage Vo : 
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Fig.1. Elementary circuit of Positive Output Super-

lift Luo Boost Converter :(a) Elementary Circuit 

diagram; (b)  Equivalent Circuit diagram during 

switch-on period; (c) Equivalent Circuit diagram 

during Switch-off period. 

 

2.2 Re-Lift Circuit of Positive Output SL 

Converter 

The Re-lift circuit is obtained by adding (L2-D3-

D4-D5-C3-C4) to the elementary circuit. Its circuit 

diagram along with its equivalent circuit during 

switch-on and switch-off is shown in Fig.2. The 

capacitor C1 is charged to input voltage Vin. The 

voltage V1 across capacitor C2 is given by V1= ((2-

k)/(1-k))Vin as described in previous section. 

     The voltage across capacitor C3 is charged to V1. 

The current in inductor L2 increases with voltage V1 

during the switch-on period kT and it decreases with 

voltage (Vo-2V1) during switch-off period (1-k)T. The 

ripple in inductor current 2Li  is 
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Hence, the expressions for ripples in inductor current 

and current through inductor are obtained as- 
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The variation ratio of inductor current 2Li : 
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Fig.2. Re-Lift Circuit of Positive Output Super-lift 

Luo Boost Converter: (a) Re-lift circuit diagram; (b) 

Equivalent Circuit diagram during Switch-on; (c) 

Equivalent circuit diagram during Switch-off. 

 

1.3 Triple-Lift Circuit of Positive Output SL 

Converter 

 

     The Triple-lift circuit is obtained by adding (L3-

D6-D7-D8-C5-C6) to the Re-lift circuit. Its circuit 

diagram along with its equivalent circuit diagram 

during switch-on and switch-off are shown in Fig.3. 

The capacitor C1 is charged to Vin, the voltage across 

capacitor C2 is V1=((2-k)/(1-k))Vin, and voltage across 

capacitor C4 is V2=((2-k)/(1-k))
2
Vin. 

     During switch-on period kT, the current flowing 

through inductor L3 increases with voltage V2 and 

during switch-off period (1-k)T it decreases with 

voltage (Vo-2V2). Now the ripple of inductor current 
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The voltage transfer gain : 
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Hence, the expressions for ripples in inductor current 

and current through inductor are obtained as: 
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Now, the variation ratio of current 1Li  through 

inductor L1 : 
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The variation ratio of current 2Li through inductor L2 

is 
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The variation ratio of current 3Li through inductor L3 

is 
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The, variation ratio of output voltage Vo : 
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Fig.3.Triple-Lift Circuit of Positive Output Super-lift 

Luo Boost Converter: (a) Triple-Lift circuit diagram; 

(b ) Equivalent circuit Diagram during Switch-on; (c) 

Equivalent circuit diagram during Switch-off. 
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III. SUMMARY OF POSITIVE OUTPUT 

SUPER-LIFT LUO BOOST 

CONVERTERS 
Various stages of Positive Output Super-lift Luo 

Boost converters can be arranged in ascending 

pattern as shown in Fig.4. 

Elementary circuit

Re-Lift Circuit

Triple-Lift Circuit

Quadruple-Lift Circuit

Quintuple-Lift

 Circuit

Main Series

 
Fig.4. Various stages of Positive Output Super-lift 

Luo Boost converter. 

 

From analysis of previous section II, for 

calculating the output voltage and voltage transfer 

gain of Super-Lift Converter the common formula 

given below- 

in

n

o V
k

k
V 














1

2  

n

in

o

k

k

V

V
G 

























1

2  

(n – number of stages) 

In order to show the advantage of Super-Lift Luo 

Boost Converter, following comparison is made with 

respect to voltage transfer gains of various 

converters. 
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IV. MATHEMATICAL RESULT 
From the design point of view various circuit 

parameters are need to be calculated. Henceforth 

mathematical calculations for an Elementary Circuit 

of a Positive Output Super-Lift Luo Converter can be 

given by a MATLAB program as given below. 

Similarly, for the calculation of parameters for Re-

Lift Circuit and Triple-Lift Circuit can be formed. 

MATLAB Program for Elementary Circuit:- 

clc  

clear all 

R=30e3; 

f=100e3;% switching frequency 

vo=60;%Output voltage 

k=0.5;% duty ratio 

di=0.01;% ripple in current 

dv=0.005;% ripple in voltage 

T=1/f 

vin=vo*((1-k)/(2-k))%Input voltage 

L1=(vin*k)/(di*f) 

x=(k*(1-k)^2*R)/(2*(2-k)*f*L1)%variation in 

inductor current ratio 

iL1=(di/2)/x 

Iin=(2-k)*iL1 

C2=(k*vo)/(f*R*dv) 

Io=(dv*C2)/((1-k)*T) 

y=(dv/2)/vo%variation in output voltage ratio 

pin=vin*Iin%input power 

po=vo*Io% output power 

 

Program Output :- 

T =1.0000e-005 

vin =20 

L1 =  0.0100 

x = 1.2500 

iL1 =  0.0040 

Iin =0.0060 

C2 =2.0000e-006 

Io = 0.0020 

y =  4.1667e-005 

pin =0.1200 

po =  0.1200 

Thus parameters for Super Lift converters are given 

in Table 1 given below:- 

 

Table 1 Calculated Parameters using MATLAB 

Program. 

Parameters L1 C1 =C2 Pin Pout 

Values 10mH 2μF 0.1200 0.1200 

 

V. SIMULATION RESULT 
To verify the design and calculation results, 

MATLAB software is used for Super-Lift Luo 

converter design. MATLAB Program parameters for 

Simulation are considered as Vin=20V, 

L1=L2=L3=10mH, all the capacitors i.e. C1-C8=2μF 

and R=30kΩ for k=0.5 and f=100kHz. 
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Fig.5. Waveform of Switching pulses. 
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Fig.6. Waveform of Input Voltage to Positive Output 

Super-lift converter. 
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Fig.7. Waveform of Output Voltage for 1st stage that 

is for Elementary     circuit of Positive Output Super-

lift Converter. 
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Fig.8. Waveform of Output Voltage for 2nd stage i.e. 

for Re-lift Circuit of Positive Output Super-lift 

Converter. 
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Fig.9. Waveform of Output Voltage for 3rd stage i.e. 

for Triple-Lift circuit of Positive Output Super-Lift 

Converter. 

 

Table 2 Comparison to Theoretical and simulated 

Results of a Positive Output Super-Lift Luo 

Converter. 

No. of Stages

Input voltage

Theoretically calculated 

Output Voltage

1 2 3

20V 20V 20V

Simulated Output 

Voltage

60V 180V 540V

59.78V 179.2V 537.6V

 
     

Thus the output voltages of Positive Output 

Super-Lift Converter for various stages are obtained. 

We have also observed that the output voltage 

increases with addition of every stage to elementary 

circuit. Fig.5 shows the waveform of switching pulse 

of MOSFET. Fig.6 shows the input voltage 

waveform for the Super-Lift Luo converter circuit. 

Fig.7 shows the output voltage waveform of the 

Elementary circuit of Positive Output Super-Lift Luo 

converter. Fig.8 shows the waveform of Output 

Voltage of Re-Lift Circuit of Positive Output Super-

Lift Luo Converter. Fig.9 shows the output voltage 

waveform of the Triple-Lift circuit of Positive Output 

Super-Lift Luo converter.   

Thus obtained simulated output voltage values 

Vo of an Elementary circuit, Re-lift circuit and Triple-

lift circuit. The simulation results are shown in Table 

2. The simulated voltage values are nearly equal to 

the theoretically calculated results. 

 

VI. CONCLUSION 

Positive Output Super lift Converter has been 

successfully analyzed and simulated. It largely 

increases output voltage and voltage transfer gain in 

power circuit. The simulation results and theoretical 

results verified the design and calculations. It has 

been observed that the output voltage has increased 

in geometric progression. The circuit parameters can 

be calculated by using the MATLAB program for 

various applications. 

 

REFERENCES 

[1] Silpa. N and Chitra. J , “An Improved Luo 

Converter for High Voltage Applications ”, 

International Journal of Emerging 

Technology and Advanced Engineering, 

Volume 4, Issue 5, May 2014. 

[2] Fang Lin Luo and Hong Ye, “Super-lift 

Boost Converter”, IET Power Electron, Vol. 

7, Issue 7, 2014. 

[3] Muhammad H. Rashid, “Power Electronics 

Handbook, Device, Circuit and 

Applications”, Third Edition, 2011. 

[4] Yefin Berkovich, Boris Axelrod, Rotem 

Madar, Avraham Twima, “Improved Luo 

Converter Modifications with Increasing 

Voltage Ratio”, IET Power Electron, Vol. 8, 

Issue 2, 2015. 

[5] Fang Lin Luo, “Positive Output Super-Lift 

Converters”, IEEE Transactions on Power 

Electronics, Vol. 18, No.1 , January 2003, 

105-113. 

[6] Luo F. L. “Negative Output Luo-Converters, 

Voltage Lift Technique”, IEE Proceedings 

on Electric Power Applications, Vol. 146, 

No. 2, March 1999, 208-224. 

[7] Luo F. L. “Double Output Luo-Converters, 

Advanced Voltage Lift Technique”, IEE 

Proceedings on Electric Power Applications, 

Vol. 147, No. 6, November 2000, 469-485. 

 


