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 In this article, an improvement to the positive output super-lift Luo converter 

(POSLC) has been proposed to get high gain at a low duty cycle. Also, 

reduce the stress on the switch and diodes, reduce the current through the 

inductors to reduce loss, and increase efficiency. Using a hybrid switch unit 

composed of four inductors and two capacitors it is replaced by the main 

inductor in the elementary circuit. It’s charged in parallel with the same 

input voltage and discharged in series. The output voltage is increased 

according to the number of components. The gain equation is modeled. The 

boundary condition between continuous conduction mode (CCM) and 

discontinuous conduction mode (DCM) has been derived. Passive 

components are designed to get high output voltage (8 times at D=0.5) and 

low ripple about (0.004). The circuit is simulated and analyzed using 

MATLAB/Simulink. Maximum power point tracker (MPPT) controls the 

converter to provide the most interest from solar energy.  
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1. INTRODUCTION 

Direct current (DC-DC) converters are essential to meet residential, commercial, agricultural and 

industrial needs in our daily lives [1]. Modern power systems require compact, robust, powerful, and 

inexpensive equipment. The linear controller is best replaced by a DC-DC converter. Many modern DC-DC 

converter systems have been patented through extensive research [2]-[4]. These DC-DC converters can be 

used in a variety of applications, including hybrid vehicles, solar cell applications, and more while the 

circuits are implemented in traction, machine motors, and fuel cells [5]-[7]. The super lift (SL) method and 

voltage lift (VL) to improve the converter to increase the voltage without ripple [8]. These techniques are 

used to design converters, gradually improving (VL) technology or (SL) technology to increase the output 

voltage geometrically [9]. The multi-timed-multi level DC-DC converter technique was used to lift the 

voltage with reduce the stress on the switches, the three levels converter was three times higher than that of 

the conventional boost converter [10], [11].  

Many modifications  have been proposed to (POSLC) used the switching cell to boost the voltage 

[12]. The modification proposed to obtain four times the gain at half-duty cycle is to add an inductor and 

diode in series and connect with the primary diode in parallel (POSLC) [12], to reach a higher voltage gain. 

Another modification by adding four capacitors and four diodes can raise the output voltage about five times 

at one-half duty cycle [13], recently a modification on (POSLC) has been proposed [14] using a hybrid 

switching cell combined from two inductors, one capacitor and two diodes, the voltage gain produced from 

this modification is the same as [15].  
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The primary Luo converter cannot provide such a high conversion gain (at least 10 times the gain is 

required in the application), and the solution is to use a switched capacitor-inductor unit [16]. In order to 

obtain non-isolated control, they are integrated into a simple converter. An electronic circuit that can increase 

the voltage ten times or more and operate with high efficiency. This concept has been explored in various 

journals and there are several solutions [17], [18]. A lot of high gain DC-DC converter has been proposed in 

general structure [18] we focused on the Luo converter because it has proven its efficiency, practicality and 

for its extensive and comprehensive analysis. In this paper a new modification on super-lift Luo converter 

has been proposed, capacitor-inductor switching cell composed of four inductors and two capacitors has been 

used to achieve higher voltage gain than elementary converter since the output voltage is 8 times the input 

voltage at D=0.5 and 20 times the input voltage at D=0.8.  

 

 

2. RESEARCH METHOD  

Maximum power point tracking (MPPT) was used in the system as shown in Figure 1, to meet full 

power delivery to the load and high output boost voltage to satisfy maximum interest from the photovoltaic 

(PV) system. PV generation system is becoming important as it offers many advantages including no fuel 

costs, almost no pollution, little maintenance, and no noise emission [19]. To implement an off-grid PV 

system for use in remote areas, so we propose in this paper the positive output super lift Luo converter with 

hybrid capacitor-inductor switching cell, which has high efficiency, very low equivalent resistance, high 

output voltage, decrease the inductors current, and low output voltage ripple. can operate with gain more than 

four times of input voltage at a very low duty cycle when control with MPPT.  

 

 

 
 

Figure 1. The complete system proposed Luo converter 

 

 

2.1.  Topology of PV model 

A photovoltaic device converts solar energy into electrical energy using one or more solar panels, 

Photovoltaic panels are made up mostly of solar cells. The solar cells are connected in parallel or series, 

depending on the voltage and current needs, respectively. The voltage of the panel is improved by connecting 

the solar cells in series, while the current value of the panel is improved by arranging the cells in parallel 

[20], Figure 2 shows a circuit diagram of the PV model.  

 

 

 
 

Figure 2. PV model circuit [21] 

 

 

The PV system's P-V and I-V properties are not linear. Temperature and irradiation intensity are the 

two major factors that influence the performance of a PV device. The voltage and current provided by the PV 

device change as the temperature and irradiation level change. The solar module's nominal working 

conditions are 25 °C temperature, 1000 W/m2 (G=1) irradiation, Figure 3 depicts the P-V and I-V properties 

of a PV cell [22]. The open-circuit voltage (VOC) is the highest voltage a cell will produce when I=zero and 
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the short-circuit current (ISC) is the current that belong to a short circuit when V=zero. The PV cell produces 

maximum power at just one point during service, which is known as the maximum power point (MPP). The 

maximum current, maximum voltage, and maximum power of the solar cell are represented in the graph by 

I’m, Vm, and Pm, respectively. The mathematical expression for the output current of an ideal cell [23], [24] 

is (1),  

 

 𝐼 =  𝐼𝑃𝑉 − 𝐼𝑑  (1) 

 

Id is the Shockley equation, Rsh is the shunt resistance of the model, and Ipv is the current generated by light, 

which is proportional to solar irradiation. The solar cell's light produced current is primarily determined by 

solar irradiation and its work temperature, which is measured in Celsius. 

 

𝐼𝑃𝑉 = [𝐼𝑆𝐶 + 𝐾𝐼 (𝑇𝑐 − 𝑇𝑅)]. 𝐺 (2) 

 

 

 
 

Figure 3. I-V and P-V characteristics of solar cell [25] 

 

 

ISC is the cells short-circuit current at (25 °C) and (G=1), KI is the cell's short-circuit current 

temperature co-efficient, Tr and Tc are the cell's reference and working temperatures respectively. The 

Shockley equation is,  

 

𝐼𝑑 = 𝐼𝑆 {𝑒𝑥𝑝 (
𝑞

𝐴𝐾𝑇𝑐
) − 1} (3) 

 

𝐼 = 𝐼𝑃𝑉 − 𝐼𝑑 − 𝐼𝑃  (4) 

 

𝐼 = 𝐼𝑃𝑉 −  𝐼𝑆 {𝑒𝑥𝑝 (
𝑞

𝐴𝐾𝑇𝑐
) − 1} −

𝑉+𝐼𝑅𝑠𝑒

𝑅𝑃
  (5) 

 

to achieve the required output power, the solar cells must be connected in a series-parallel configuration. The 

generalized PV array mathematical equation with (Ns) number of modules connected in sequence and (Np) 

number of modules connected in parallel, q is the electron charge [1.60 x 10-19 C], k is the Boltzmann 

constant [1.38x10-23J/K], is,  

 

𝐼 =  𝐼𝑃𝑉𝑁𝑃 − 𝐼𝑆𝑁𝑃 {𝑒𝑥𝑝 (
𝑞𝑉

𝐴𝐾𝑇𝑐𝑁𝑠
+

𝐼𝑅𝑠𝑒

𝑁𝑃
) − 1}  (6) 

 

𝐼𝑠 = 𝐼𝑟𝑠  (
𝑇𝑐

𝑇𝑟
)

3 

𝑒𝑥 𝑝 [
𝑞𝐸𝑔

𝐴𝑘
 (

1

𝑇𝑐
−

1

𝑇𝑟
)]  (7) 

 

where (Eg) is the bandgap energy of the semiconductor and (Irs) is the reverse saturation current of a cell at a 

reference temperature and sun irradiation. For polycrystalline Si, (Eg) is around 1.12 eV at 25 oC [24], [26]. 

The (8) can be used to calculate a cell's reverse saturation current (Irs).  
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𝐼𝑅𝑆 =
𝐼𝑆𝐶

𝑒𝑥𝑝(
𝑞

𝐴𝐾𝑇𝐶 (𝑛)𝑁𝑆
 𝑉𝑜)−1

  (8) 

 

PV systems employ DC-DC step-up converters to control the voltage generated by PV modules and 

to raise the module voltage. One switch (S), one inductor (L), capacitors (C1 and C2), and two diodes make 

up the (POSLC). Figure 4 depicts the (POSLC) circuit architecture [27], as well as its modeling (9) (on-state) 

and (10) (off-state) for displaying the output voltage gain [28]. 

 

𝑉𝑖𝑛 =  𝑉𝐿 =  𝑉𝑐1 = 𝐿 𝛥𝑖/𝑑𝑡 (9) 

 

𝛥𝑖 =  𝑉𝐿 (1 − 𝐷)𝑇/𝐿 =  𝑉𝑜 − 2𝑉𝑖𝑛 (1 − 𝐷)𝑇/𝐿 (10) 

 

𝐺 =  
𝑉𝑜

𝑉𝑖𝑛
=  

2−𝐷

1−𝐷
  (11) 

 

 

 
 

Figure 4. Elementary circuit (POSLC) [29] 

 

 

2.2.  Modify (POSLC) 

The elementary circuit of (POSLC) is high output voltage gain [30]. We can get many times the 

input voltage without the need to raise the duty cycle at a level that makes the MOSFET switch cause more 

losses. Hybrid switching-capacitor-inductor (S-C-L) cell proposed as shown in Figure 5(a) composed of four 

inductors and two capacitors to raise the voltage about eight times at duty cycle 0.5. The inductors and the 

capacitors charge in parallel the same input voltage and discharge in series to increase the output voltage. The 

modified circuit is shown in Figure 5(a), its on-off state Figures 5(b), and 5(c) consist of four inductors (L1, 

L2, L3, and L4), three capacitors C1, C2, and C3, output capacitor Co to reduce the output voltage ripple and 

two diodes Dm1, Dm2 the diode Dm2 protects the circuit from reverse currents. The equation of the 

converter at switch-on is,  

 

𝑉𝑖𝑛 = 𝑉𝐿1 = 𝑉𝐿2 = 𝑉𝐿3 = 𝑉𝐿4 = 𝑉𝐶1 = 𝑉𝐶2 = 𝑉𝐶3 (12) 

 

the voltage of the inductor at switch-off is,  

 

𝑉𝐿1 =
4𝑉𝑖𝑛−𝑉𝑜

4
  (13) 

 

from the volt-second balance,  

 

𝑉𝐿 𝐷𝑇 + 𝑉𝐿 (1 − 𝐷)𝑇 = 0 (14) 

 

sub (12) and (13) in (14) we get the voltage gain,  

 

𝐺 =
𝑉𝑜

𝑉𝑖𝑛
=

4

1−𝐷
  (15) 

 

in (15) is the output voltage gain equation that means when the duty is 0.5 the output voltage increases eight 

times. Figure 5(d) shows the relationship between duty cycle and gain for both elementary and modified 

circuits.  
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(a) 

 

(b) 

 

 
 

(c) (d) 

 

Figure 5. The modified circuit of (POSLC) is (a) Main circuit, (b) Circuit at switch-on, (c) Circuit at switch-

off, and (d) Relationship between gain and duty cycle for both POSLC and MPOSLC 

 

 

2.3.  Design of passive elements 

From (9),  

 

𝐿𝑚𝑖𝑛 =  
𝑉𝑖𝑛 𝐷

𝑓 𝛥𝐼
  (16) 

 

- 𝛥𝐼: Ripple of inductor current recommended (0.2 to 0.4) 

- Lmin = 3 e − 4 H It’s the minimum value of the inductor to work in continuous-conduction mode (CCM) 

The output capacitor can be selected from the (17), 

 

𝐶𝑜 =  
𝐷 

2𝑓 𝑅 𝛥𝑣𝑐0
 (17) 

 

therefore, the voltage ripple in the capacitors, 

 

𝛥𝑉𝐶1,2,3 =
𝛥ℚ

𝐶1,2,3
=  

𝐼𝑜(1−𝐷)𝑇

𝐶1,2,3
=  

1−𝐷 

𝑓 𝐶1,2,3
 
𝑉𝑜

𝑅
 (18) 

 

𝛥𝑉𝐶1,2,3 =
𝛥𝑣0∕2

𝑣0
=

1−𝐷

2𝑓𝑅𝐶1,2,3
  (19) 

 

𝐶1,2,3𝑚𝑖𝑛
=

1−𝐷

2𝑓𝑅 𝛥𝑉𝐶1,2,3
  (20) 

 

𝛥𝑉𝐶𝑜 Recommended to set less than 5% [31]. 

𝐶𝑚𝑖𝑛 = 1.5 μf It’s the minimum value of the output capacitor for working in CCM.  

Table 1 Shows all the parameters of the modified converter which simulated in MATLAB and 

shown in Figure 6 with its control unit and PV cell. The proposed Luo converter has been implemented and 

simulated in MATLAB, with hybrid capacitor-inductor switching cell and perturbation and observation 

(P&O) MPPT control, as shown in Figure 6.  
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Table 1. Parameters of the proposed converter 
I Parameter Symbol Value Unit 

1 Input voltage V 12 Volt 
2 Output voltage V 96 Volt 

3 Inductors L1, L2, L3, L4 0.8m henry 

4 Capacitors C1, C2, C3, Co 220u Farad 
5 Switching frequency F 60000 HZ 

6 Duty cycle D 0.5 - 

7 Load resistance R 50 Ohm 
8 Maximum PV power P 213 W 

 

 

 
Figure 6. Modified (POSLC) with switching S-C-L cell and MPPT controller 

 

 

2.4.  Boundary conditions between CCM and DCM 

When switch (s) on at T= 0~D (9) satisfied, when switch (s) off at T= 1-D,  

 

𝑉𝐿 =
4𝑉𝑖𝑛−𝑉𝑜

4
= 𝐿

 𝛥𝑖

(1−𝐷)𝑇
 (21) 

 

𝛥𝑖 =  
(4𝑉𝑖𝑛−𝑉0)(1−𝐷)𝑇

4𝐿
  (22) 

 

sub (9) in (22) we get,  

 

(1 − 𝐷) =
4 𝑉𝑖𝑛𝐷

(4𝑉𝑖𝑛−𝑉𝑜)
  (23) 

 

in (23) showing the duration of time at the switch-off. 

 

𝐼𝐿 =
1

2
 (1 − 𝐷)𝛥𝑖𝐿 (24) 

 

IL equation from the signal in current waveform, at steady state 𝐼𝑐𝑜 = 0 so,  

 
1

2
 (1 − 𝐷)𝛥𝑖𝐿 =  𝐼𝑜 (25) 

 
1

2
 

4 𝑉𝑖𝑛𝐷

(4𝑉𝑖𝑛−𝑉𝑜)
∗  

𝑉𝑖𝑛 𝐷𝑇

𝐿
=  

𝑉𝑜

𝑅
 (26) 

 
1

2
∗

4 𝑉𝑖𝑛
2𝐷2

(4𝑉𝑖𝑛−𝑉𝑜)
=  

𝑉𝑜 𝑓𝐿 

𝑅
  (27) 

 
1

2
∗  

4 𝑉𝑖𝑛
2 𝐷2

(4𝑉𝑖𝑛−𝑉𝑜)
= 𝑉𝑜 𝜏 (28) 

 

𝑉𝑜
2 𝜏 − 4 𝑉𝑜  𝑉𝑖𝑛 𝜏 + 2 𝑉𝑖𝑛

2  𝐷2 = 0 (29) 
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the equation solved by law.  

 

𝑉𝑜 = 2 𝑉𝑖𝑛 ∓  √4 𝑉𝑖𝑛
2 −

2 𝑉𝑖𝑛
2  𝐷2 

𝜏
 (30) 

 

𝜏 =
2𝐷2

(
2+2𝐷

1−𝐷
)2−4

 (31) 

 

The (31) draws the boundary condition between CCM and discontinuous conduction mode (DCM) we can 

draw the curve between duty cycle and τ= (f L)/R as shown in Figure 7. Notice if we increase the load 

resistance over its limits the circuits work at DCM that mean the inductor current during the off-state will be 

zero for a while. 

 

 

 
 

Figure 7. Boundary condition between CCM and DCM for POSLC and MPOSLC 

 

 

3. SIMULATION RESULT AND DISCUSSION 

3.1.  Results without MPPT 

Modified (POSLC) that shown in Figure 7 has been simulated and analyzed with the parameters 

shown in Table 1 the simulation results satisfy the theoretical calculation, we choose all inductors with value 

0.8 mH and the capacitors with 220 µF and the load with 50Ω and switching frequency 60000 HZ, Figure 

8(a) shows that the input current of PV panel divided equally between all inductors, that reduce the current 

pass through one inductor that saves size and protect inductors from high current. Figure 8(b) shows the low 

level of input pulsating current in the modified circuit can reduce its effect and protect the source. 

 

 

 
 

(a) (b) 

 

Figure 8. Modified converter current, (a) inductors currents and (b) input pulsating current 

 

 

Figure 9(a) shows the difference between output voltage for elementary and modified circuits. 

Figures 9(b) and 9(c) shows the ripple of modified and elementary converters respectively. The low level of 

ripple for the modified converter makes the operation more efficient, this is very good for highly sensitive 

such as medical applications. 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 9. Output voltage, (a) for both elementary and modified converter, (b) ripple for elementary POSLC, 

and (c) ripple for modified POSLC 

 

 

Figure 10 shows the efficiency of the modified is better than a buck-boost converter at a steady-

state, while the buck-boost converter instantaneously delivers all the input power to the load. Tables 2 and 3 

show a comparison between the modified circuit and the rest of the circuits in the aforementioned research. 

Table 2 shows the comparison in terms of gain, while Table 3 shows the comprehensive comparison. 

 

 

 
 

Figure 10. The efficiency of modified converter in compare with traditional Luo and buck-boost converter 
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Table 2. The gain formula and the gain factor for D= 0.2, 0.5, 0.7 
Topology Gain formula Gain at D=0.2 Gain at D=0.5 Gain at D=0.7 

POSLC 
𝐺 =

2 − 𝐷

1 − 𝐷
 

2.25 3 4.333 

Modification in [11] 
𝐺 =

2

1 − 𝐷
 

2.5 4 6.666 

Modification in [12] 
𝐺 =

3 − 𝐷

1 − 𝐷
 

3.5 5 7.666 

Modification in [13] 
𝐺 =

3 − 𝐷

1 − 𝐷
 

3.5 5 7.666 

Proposed converter 
𝐺 =

4

1 − 𝐷
 

5 8 13.333 

 

 

Table 3. The comparison between the proposed converter and other modifications on (POSLC) 
Topology Gain formula No. of 

capacitors 

No. of 

inductors 

No. of diodes No. of switches Equivalent 

resistance 

POSLC 
𝐺 =

2 − 𝐷

1 − 𝐷
 

2 1 2 1 5.6 ohm 

Modification 

in [11] 
𝐺 =

2

1 − 𝐷
 

2 2 3 1 - 

Modification 
in [12] 

𝐺 =
3 − 𝐷

1 − 𝐷
 

6 1 6 1 - 

Modification 

in [13] 
𝐺 =

3 − 𝐷

1 − 𝐷
 

3 2 4 1 - 

Proposed 

converter 
𝐺 =

4

1 − 𝐷
 

4 4 9 1 1.3 ohm 

 

 

3.2.  Results with MPPT 

To interesting with all of the power generated from the PV panel we should control the converter 

with maximum power point tracker. The P-V characteristic is shown in Figure 2. Figure 7 shows the 

modified converter implementation in MATLAB/Simulink with MPPT algorithm to control the converter and 

extract maximum power point. Figure 11 shows the output power of the proposed converter with MPPT and 

the efficiency is about 94%. We notice that when MPPT controls the circuit the growth in the power 

extracted is too obvious in simulation. Figure 11 shows the input power of converter from PV panel, and 

output power of the converter. 

 

 

 
 

Figure 11. Pin and Po with MPPT controller 

 

 

4. CONCLUSION 

The design and model of improved positive output super-lift Luo converter (MPOSLC) are 

simulated successfully with MATLAB/Simulink and verified the theoretical results. Many switching units 

can be applied to the DC-DC converter we chose Luo because it was originally a high gain converter. 

Replacing the inductor with a hybrid unit (S-C-L). The equivalent resistance is reduced and the efficiency is 

improved, the current intensity in each inductor is reduced to protect them and the use of small-sized 

inductors and capacitors because the improved converter is reduced capacitor voltage level that makes the 

size smaller and reduces the cost (the inductor used for low current is small in size and lower in price). The 

low level of input pulsating current protects the power supply, especially in the non-isolated converter. 
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From the boundary conditions, seen the small area of work in DCM and the freer operation in CCM, 

because the inductor current has not reached zero. This topology can be based on the MPPT of an 

independent photovoltaic system used in agricultural projects to run pumps used to irrigate crops. We notice 

that when the converter is controlled by the P&O algorithm the extracting power from PV increases 
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