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H I G H L I G H T S   A B S T R A C T  
• High gain Non-isolated DC/DC 

converter based on clamper circuit is 
presented. 

• Interleave inductor technique for 
current and voltage ripple reduction, 
two clamper circuits for voltage gain 
enhancing. 

• Mathematical and simulation gain is 15 
at 93.4% efficiency, and switch stress is 
33% of 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜. 

 The boosting converters integrated with inverters are widespread use in many 
applications under transformer fewer inverter titles, including powered vehicles, PV 
systems, fuel cells systems, etc. Reliability, quality, maintainability, and reduction in 
size are important requirements in the energy conversion process. The multi-phase 
boost converter can be a good solution for high-power applications. The multi-phase 
boost enhanced by clamping capacitor structure provides low ripple, high gain, and 
evident improvement in the efficiency compared to the conventional converters. This 
paper investigates the transformer less inverter based on a capacitor clamping multi-
phase boost converter. High gain proposed architectures are being designed to step-
up voltage. The converter features a high voltage gain and offers additional solutions 
based on the capacitor clamping structure. The proposed architectures are being 
designed to optimize the gaining in popularity as they are increasing the voltage gain 
and the efficiency and mitigating the switching frequency effect. The investigation 
of validation performance was introduced through the steady-state analysis and 
operation. The operation modes and mathematical analysis are presented. To validate 
the performance in terms of input and output ripple and values, the converters were 
tested using MATLAB / SIMULINK. The results supported the mathematical 
analysis. The voltage gains increase reduces ripple in input current, and the output 
voltage is significantly detected. The switches stresses at the converter side are One-
third of the output voltage. 

A R T I C L E  I N F O  

Handling editor: Jawad K. Ali 
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1. Introduction 
As the need for electricity grows, renewable energy sources are becoming more important (photovoltaic cells, fuel cells, 

UPS, and others). It has become important because of its carbon-reducing properties. They help minimize greenhouse gas 
emissions. To reduce reliance on fossil fuels, renewable energy has become very important as an environmentally friendly source. 
When sunlight strikes PV, DC electricity is generated, but it is of low unregulated voltage and high current [1,2].  As a result, a 
device to increase and regulate the voltage of renewable energy sources plays an essential role. Therefore, using a dc boost 
converter is more important to raise the value of output DC voltage to be suitable for the DC-grid or AC distribution system [3].  
There are two types of DC converters, isolated and non-Isolated DC-DC converters. 

In an isolated DC-DC boost converter, the main idea is to use a transformer to increase the transformation ratio by controlling 
the transformer turns ratio. However, using a transformer has the disadvantage of increasing converter size and cost and copper 
losses due to increased leakage inductance on the high voltage side. In addition, there are increases in switching losses. Therefore, 
the main disadvantage of the isolated converter is the transformer that increases the converter's losses, size, and cost. Therefore, 
the use of a non-isolated converter will solve this problem. The fundamental advantage of a non-isolated converter is that it is an 
excellent choice for low-power applications that need the use of renewable energy sources. Besides the small size, low cost, 
lower conduction losses, and higher efficiency [3,4].  
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Theoretically, the output voltage in the conventional non-isolated boost converter depends on the switching time state (ON-
OFF) conditions (VO = VIN

1−D
) . Where D = Ton

(Ton+Toff)
 . Because of component resistance, the increase of the duty cycle is limited 

(0.8). Therefore the voltage gain is limited in the conventional converter. Another conventional converter disadvantage of high 
input current ripple caused a lifetime reduction for renewable energy sources, High conduction losses, and high voltage stress 
across switch and power diode.   (Vstress = VO) [5-7]. At the same time, increasing the current stress passing throw the power 
device (Istress = Iin). Therefore, a large filter component needs to reduce the ripple in output voltage and input current [6-8]. 

To overcome the conventional boost converter drawback, the proposed converter suggested combining two structures to 
improve the conventional boost converter features. The first structure is used of (N) number of parallel inductors. This structure 
decreases the ripple in the input current due to multi-phase inductors where current is distributed across them, simultaneously 
decreasing the conduction losses. Therefore there are improvements in efficiency and faster transient response. Besides that, the 
voltage ripple in the output voltage is reduced, but the voltage gains and voltage and current stress are the same as in a 
conventional boost converter [8-12]. 

The second structure is used two parallel clamper capacitors that produce an extra gain in output voltage, decreasing voltage 
stress on the power device and reducing the conduction losses. Therefore, the efficiency has improved [12-17]. 

This paper introduces the proposed converter with the following advantages: 
• Increase voltage gain 
• Reduce output voltage ripple 
• Reduce input current ripple 
• Reduce the voltage and current stress 
• Reduce the conduction losses 
• Improve the converter efficiency  
The proposed converter can be utilized with a transformer-less inverter application since the converter voltage is suitable for 

converting to AC voltage without needing to use a transformer. Besides that, the transformer disadvantage of the increasing 
system size, cost, and copper losses lead to system efficiency reduction [17]. 

2. Transformer-Less Inverter Based-on Capacitor Clamping Multi-Phase Boost Converter Analysis  
The proposed converter is shown in Figure 1. It is constituted of a two-structure dc converter and transformer-less inverter. 

The dc converter is made up of two structures. The first structure comprises three channels containing an inductor and switch 
connected in a parallel arrangement. The second structure of the dc converter is a capacitor clamping structure made of four 
diodes and three capacitors. The transformer-less inverter comprises switches and filter circuits of inductor and capacitor. 

2.1 Capacitor Clamping Multi-Phase Boost Converter Analysis           
The proposed converter is shown in Figure 1, and it consists of three shared inductors and switches controlled by three 

operation signals with a 120-degree phase shift between the first and second signal and between the second and third signal. The 
proposed converter operation signal waveform is shown in Figure 2. 

There are six modes of operation for a proposed converter. The converter at continuous conduction mode operation during 
the steady-state through one period is discussed respectively as follows:     

2.1.1 Mode I 
As shown in Figure 3, the three switches (S1,  S 2and S3) are turned ON. Thus, the diodes D1, D2, D3and D4    tended to turn 

OFF (reverse bias state). This action is led to causes storage energy in L1,  L2, L3.  Cout are discharged its energy towards the 
inverter side, while   Cout discharged its energy to RL. 

Vin = L3
diL3
dt

=  L2
diL2
dt

= L1
diL1
dt

    (1) 

Vc3 = VIN inverter     (2) 

Vc out  = Vout = IoutRL                                                                                                                                          (3) 

2.1.2 Mode II 
 As shown in Figure 4, S1, S3 keep ON while S2 is turned OFF. So, the diodes D1, D3and D4 are reverse bias states. Whereas 

D2 is in ON state (forward-biased).In the second mode, the inductors L1and L3 are stored energy with a positive slope of  
Vin  
L

 where L = L1 = L2 = L3.  At the same time, the supply of energy Vin and the stored energy in L2 are transfer energy in 
series to C1 .Furthermore, C3 discharged its energy as inverter input voltage while   Cout discharged its energy to RL. 

 Vin = L3
diL3
dt

= L1
diL1
dt

   (4) 

 Vin − L2
diL2
dt

− Vc1  = 0   (5) 
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 Vc3 = VIN inverter   (6) 

Vc out  = Vout = IoutRL    (7) 

2.1.3. Mode III 
 (S1,  S 2and S3) are ON state. So is equivalent to mode I. 

 
 Proposed converter circuit diagram 

 

 
 Modes of operation for the proposed converter 

 

 
 Mode 1, Mode 3, and Mode 5 of the proposed converter operation 

2.1.4. Mode IV:  
As shown in Figure 5, S3 is turned off while S1and S2 kept tured on. So, the diodesD1, D2and D4  are reverse bias states. 

Whereas D3is in ON state (forward-biased).In the fourth mode, the inductors L1and L2 are stored energy with a positive slope 
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of Vin  
L

 where L = L1 = L2 = L3.  At the same time, the supply of energy Vin and the stored energy in L3 are transfer energy in 
series to C2 . Furthermore, C3 discharged its energy as inverter input voltage and  Cout discharged its energy to RL. 

 Vin = L2
diL2
dt

= L1
diL1
dt

    (8) 

 Vin − L3
diL3
dt

− VC2  = 0   (9) 

 V𝑐𝑐3 = 𝑉𝑉𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑖𝑖𝑖𝑖    (10) 

 Vc out  = Vout = IoutRL    (11) 

2.1.5. Mode V: 
  S1, S2, and S3 all are on. The operating principle is the same as mode I 

2.1.6. Mode VI:  
As shown in Figure 6, S1 is turned off while S2and S3 keep turning-on. So, the diodesD2and D3 are reverse bias states. 

Whereas D1and D4is in ON state (forward-biased).In the sixth mode, the inductors L2and L3 are stored energy with a positive 
slope of Vin  

L
 where L = L1 = L2 = L3.  At the same time, the supply of energy Vin and the stored energy in L1 are transfer 

energy in series with  Vc1 and VC2  transfer energy to C3 At the same time C3 discharged its energy as inverter input voltage while   
Cout discharged its energy to RL. 

 Vin = L2
diL2
dt

= L3
diL3
dt

    (12) 

 Vin − L1
diL1
dt

− VC1 − VC2 + VCout  = 0   (13) 

 V𝑐𝑐3 = 𝑉𝑉𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑖𝑖𝑖𝑖   (14) 

 Vc out  = Vout = Iout   (15) 

2.2 Inverter Analysis  
The analysis of an inverter uses the sinusoidal bipolar pulse width modulation technique to control the operation of switches, 

as shown in Figure 7. There are two modes of operation. 

2.2.1. Mode 1: 
 In this mode, 𝑆𝑆5 and 𝑆𝑆7 are ON while 𝑆𝑆4 and 𝑆𝑆6 are OFF, as shown in Figure 8-a. This mode is done when the voltage value 

of the reference signal is larger than the voltage of the carrier signal. 

𝑉𝑉𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖 > 𝑉𝑉𝑜𝑜𝑖𝑖𝑖𝑖   → 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = +𝑉𝑉𝑖𝑖𝑖𝑖   (16) 

2.2.2. Mode 2:  
In this mode 𝑆𝑆4and 𝑆𝑆6 are ON 𝑆𝑆5and 𝑆𝑆7  are OFF, as shown in Figure 8-b. This mode is done when the voltage value of the 

reference signal is larger than the voltage of the carrier signal. 

𝑉𝑉𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖 < 𝑉𝑉𝑜𝑜𝑖𝑖𝑖𝑖   → 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = −𝑉𝑉𝑖𝑖𝑖𝑖   (17) 

2.3 Proposed Converter Steady-State Analysis. 

2.3.1. Voltage gain:  
According to the volt-second balance principle on L1,  L2, L3., can be obtained: According to the volt-second balance 

principle on inductor  L2 the output capacitor voltage is shown in Figure 9.  

⎩
⎪
⎨

⎪
⎧𝑉𝑉𝐿𝐿𝐿𝐿𝑖𝑖𝐿𝐿 = 𝑉𝑉𝑖𝑖𝑖𝑖 ∗ 𝑡𝑡𝑜𝑜𝑖𝑖 + (𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉𝑐𝑐3 + 𝑉𝑉𝑐𝑐1 + 𝑉𝑉𝑐𝑐2) ∗ 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 = 0 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒           𝑡𝑡𝑜𝑜𝑖𝑖 = 𝐷𝐷      ,    𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 = (1 − 𝐷𝐷 )             
𝑉𝑉𝐿𝐿𝐿𝐿𝑖𝑖𝐿𝐿 = 𝐷𝐷𝑉𝑉𝑖𝑖𝑖𝑖 + (1 − 𝐷𝐷)(𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉𝑐𝑐3 + 𝑉𝑉𝑐𝑐1 + 𝑉𝑉𝑐𝑐2 ) = 0    

   

𝑉𝑉𝑐𝑐3 = (𝑉𝑉𝑖𝑖𝑖𝑖/(1 − 𝐷𝐷)) + (𝑉𝑉𝑐𝑐1 + 𝑉𝑉𝑐𝑐2)                                        ⎭
⎪
⎬

⎪
⎫

   (18) 

Also, according to the volt-second balance principle on the inductor  L2 the capacitor 1 voltage is shown in Figure 9. 

𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉𝑐𝑐1(1 − 𝐷𝐷) = 0   𝑠𝑠𝑠𝑠   𝑉𝑉𝑐𝑐1 = 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

    (19) 
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At last, according to the volt-second balance principle on the inductor  L3 the capacitor 2 voltage is shown in Figure 9. 

𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉𝑐𝑐2(1 − 𝐷𝐷) = 0      𝑠𝑠𝑠𝑠     𝑉𝑉𝑐𝑐2 = 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

     (20) 

 By subtiuting equations 19 and  20 in 18, we get: 

𝑉𝑉𝑐𝑐3 = 𝑉𝑉𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑖𝑖𝑖𝑖   = 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

+ (𝑉𝑉𝑐𝑐1 + 𝑉𝑉𝑐𝑐2) = 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

+ 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

+ 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

  = 3 𝑉𝑉𝑖𝑖𝑖𝑖
1−D

  (21) 

M = V𝑐𝑐3
𝑉𝑉𝑖𝑖𝑖𝑖

= 3
1−D

   𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 M= dc converter voltage gain   (22) 

The average output voltage from the inverter is dependent on 𝒎𝒎𝒂𝒂, where 𝒎𝒎𝒂𝒂(modulation index) and its change sinusoidally 
with variable duty cycle. 

ma = �
𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟
𝑉𝑉𝑡𝑡𝑟𝑟𝑖𝑖

�   (23) 

𝑉𝑉𝑜𝑜,𝐿𝐿𝑖𝑖𝐿𝐿 = ma𝑉𝑉𝑑𝑑𝑐𝑐   (24) 

𝑉𝑉𝑜𝑜,𝐿𝐿𝑖𝑖𝐿𝐿 = 𝑉𝑉𝑑𝑑𝑐𝑐 ∗ �
𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟(𝑜𝑜)

𝑉𝑉𝑡𝑡𝑟𝑟𝑖𝑖
�   (25) 

𝑉𝑉𝑜𝑜,𝐿𝐿𝑖𝑖𝐿𝐿 = 𝑉𝑉𝑑𝑑𝑐𝑐 ∗ (𝑉𝑉𝑝𝑝,𝑖𝑖𝑖𝑖𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡/𝑉𝑉𝑜𝑜𝑖𝑖𝑖𝑖)   (26) 

𝑉𝑉𝑜𝑜,𝐿𝐿𝑖𝑖𝐿𝐿= 𝑉𝑉𝑑𝑑𝑐𝑐 ∗ ma 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡   (27) 

𝑉𝑉𝑜𝑜,𝐿𝐿𝑖𝑖𝐿𝐿= 𝑉𝑉𝑐𝑐3 ∗ ma 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡   (28) 

2.3.2. The proposed dc converter Output voltage ripple 
In the proposed dc converter, the ripple of the output voltage can be reduced because the output voltage frequency is three 

times more than the switching frequency, as shown in Figure 9. 

Vripple = ∆Vo
Vo

= D
3F𝑠𝑠𝑠𝑠CRL

    (29) 

2.3.3. Semiconductor voltage stress 

 Voltage stress across the switches:  
From mode 2, the voltage stress across the switch S2 when the switch is in an off state, hence.  

 VS2 stress = Vin
1−D

  = 𝑉𝑉𝑜𝑜
3

   (30) 

And from mode 4, the voltage stress across the switch S3 when the switch is in an off state, hence.  

 VS3 stress = Vin
1−D

  = 𝑉𝑉𝑜𝑜
3

   (31) 

In the same way and from mode 6, the voltage stress across the switch S1 when the switch is in an off state: 

VS1 stress = Vin
1−D

    =    𝑉𝑉𝑜𝑜
3

   (32) 

      The voltage stress across switches concerning modes of operation is shown in Figure  

 Voltage stress across the diodes:  
When a diode is reverse biased, the voltage stress across it is as follows:  
Voltage stress across D1 pass in two stages: 
stage 1(mode 2) and Stage 2 (mode 4) when diode in reverse biasing. Therefore, the diode is 
 an open circuit. 

 VD1 stress = VCout − (VC1 + VC2) =  Vin
1−D

=   Vout
3

   (33) 

 VD1 stress = VCout − VC1  =   VD1 stress = 2Vin
1−D

 =   2Vout
3

 
                                      

   (34) 
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Voltage stress across D2 pass in two stages: stage 1 (mode 4) and Stage 2 (mode 6) when the diode is in reverse biasing. 
Therefore, the diode is an open circuit. 

  VD2 stress = VC1   =  Vin
1−D

 =   Vout
3

   (35) 

 VD2 stress = VCout − VC2 = 2Vin
1−D

 =   2Vout
3

      (36) 

Voltage stress across D3 pass in two stages: 
Stage 1(mode 2) and Stage 2 (mode 6) when diode in reverse biasing, Therefore, the diode as an open circuit.   

 VD3 stress = VC2 +  VC1    = 2Vin
1−D

= 2Vout
3

   (37) 

VD3 stress = VC2  =  Vin
1−D

= Vout
3

    (38) 

The voltage stress across diodes concerning modes of operation is shown in Figure 10. 

3. Simulation  
The parameter of the proposed DC-DC converter is listed in Table 1. The MATLAB R2018B is used to simulate the 

converter. The three DC converter control signals have a difference in phase shift of 120 degrees, as in Figure 11. The switches 
voltage stress is 125V as in Figure 12, input voltage = 24V, output converter voltage = 360V and output inverter voltage = 310V 
as in Figure 13, the capacitor voltage of 𝐶𝐶1,𝐶𝐶2𝐶𝐶3,𝑎𝑎𝑠𝑠𝑎𝑎 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 are shown in Figure 14. The diodes voltage stress =250 V, as in 
Figure 15.  The voltage waveform of the three inductors is shown in Figure 16. The MATLAB simulation schematic of 
transformer-less inverter based-on capacitor clamping multi-phase boost converter is shown in Figure 17. 

From the simulation results, it appears that it validates the mathematical calculation where the output voltage is equal to 
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑉𝑉𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑖𝑖𝑖𝑖 = 3 𝑉𝑉𝑖𝑖𝑖𝑖

1−D
 = 360 Volt, the voltage stress across switches is equal to Vin

1−D
= 120 Volt, and the stress across diodes 

is equal to 2Vin
1−D

= 240 Volt in two diodes and 120 Volta in the other two diodes. 

 
 Mode 2 of the proposed converter operation 

 
 

Table 1: Parameter of the proposed converter 

Parameter value 
𝐿𝐿1, 𝐿𝐿2, 𝐿𝐿3 800 µH 
𝐶𝐶1,𝐶𝐶2,𝐶𝐶3 25 µF 
The duty cycle of switches 𝑆𝑆1,𝑆𝑆2 and 𝑆𝑆3 (D) 0.8 
Switching Frequency - 𝑓𝑓𝑠𝑠𝑠𝑠 25 kHz 
Input Voltage 24 V 
Dc converter Output Voltage 360 V 
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 Mode 4 of the proposed converter operation 

 
 Mode 6 of the proposed converter operation 

 

 
 Sinusoidal bipolar pulse width modulation technique operation waveform 
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 a. Mode 1                        b. Mode 2 

 

 
 key waveform for the proposed dc converter 

 

 
 Voltage stress across switches waveform 
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 Voltage switch waveform control  Switches voltage stress waveform 

 

  
 Converter and inverter Output voltage  Capacitors voltage waveform 

 

 

  
 Voltage stress across diodes waveform  Inductors voltage waveform  

 Schematic of transformer-less inverter based-on capacitor clamping multi-phase converter 
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4. Conclusion  
 The non-isolated DC-DC boost converter proposed in this study comprises two constructions (three shared inductors and a 

clamper capacitor circuit). This converter is fed by a single source of input. The converter has a high transformation ratio and 
lower voltage stress across power devices (switches and diodes).and the second circuit is the transformer-less inverter. The 
suggested converter is ideal for power applications using renewable energy sources (photovoltaic, fuel cell, and UPS). This is 
because the source's input current will be continuous and have the least ripple. The analysis of the proposed converter and its 
design was demonstrated in this work, and it was verified using MATLAB Simulation. The efficiency of the suggested converter 
is 93.5 percent due to the transformer-less inverter. In addition, the total cost of the converter will be decreased due to lower 
voltage stress across the power device and the lack of a transformer. 
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