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Abstract: This work investigates the analysis and 

design issues related to a boost DC/DC converter 

with soft switching. It provides a thorough 

explanation of the converter's working principles as 

well as a thorough examination of all of its 

operating modes.The suggested design enables 

zero-voltage switch activation by using a resonant 

circuit made up of two capacitors and an inductor. 

Along with providing a detailed description of the 

design concerns, the analysis also includes the 

computation of critical parameters for the resonant 

parts. This converter's ability to minimize voltage 

and switch losses is one of its notable advantages. 

Because of its soft-switching feature, this converter 

has the notable benefit of minimizing switching 

losses as well as the voltage and current strains on 

the circuit components. It also has a high switching 

frequency of operation. The advantages and 

disadvantages of this suggested structure are 

evaluated through a comparison with traditional 

topologies. Furthermore, the analysis validity is 

supported by simulation and experimental results 

using MATLAB software. 

Keywords—Soft switching, step up converter, ZVS 

(zero voltage switching) 

 

I. INTRODUCTION 

DC/DC converters have many uses in the modern 

world in a variety of industries, including motor 

speed regulation, precision control 

instrumentation, aerospace, the military, and 

renewable energy interfaces [1-4]. These 

converters adjust a set DC input voltage to a 

variable output voltage in accordance with the 

needs of the load. They are placed between a DC 

voltage source and the load. Nevertheless, because 

of the strains that switching transitions in DC/DC 

converters place on the circuit components, energy 

losses frequently occur. As a result, designing 

converters with as little switching loss as possible 

is crucial. To attain this objective, it is imperative 

to guarantee that zero multiplies the output of the 

switch immediately prior to the transition [5-7]. 

Three main categories of approaches have been 

used to seek soft-switching, a highly desirable 

feature. Insulated gate bipolar transistors (IGBTs) 

are recommended in scenarios requiring ZCS 
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conditions because their conduction loss is 

correlated with the average current rather than its 

peak value, leading to lower conduction losses. The 

resonant capacitor is an essential energy storage 

component in Cuk, SEPIC, and Zeta converters 

that needs a steady voltage. These designs 

however, come with significant current ripples. 

Certain topologies may experience high voltage 

pressures even when they use auxiliary 

components to provide soft-switching and lower 

component sizes and current stressors. ZVS 

transitions are incorporated into both the main and 

auxiliary switches in the topology, and a clamp 

diode is included to remove voltage oscillations. 

However, because of a higher freewheeling 

current, this method can decrease the ZVS range 

for both switches and increase conduction losses . 

High conduction losses may arise from the switch. 

Via a resonant circuit, another arrangement 

provides ZVS conditions; nevertheless, it 

necessitates intricate auxiliary circuits and high 

voltage strains.  

 

II. SOFT SWITCHED BOOST 

CONVERTER 

 

 

Fig. 1:Circuit diagram of soft switched boost 

converter 

 

When the switch is turned on, this converter 

achieves zero-voltage switching (ZVS).when the 

switch is turned off capacitor connects source and 

load. The total of the clamping capacitor voltage 

and the load voltage determines the voltage stress 

on the switches. Nevertheless, this design 

incorporates a large number of energy storage 

components and semiconductor devices, which 

raises the losses of the circuit. ZVS is achieved by 

this design, while the switch is turned on. However, 

the large number of semiconductor parts and 

energy storage devices used in this arrangement 

result in higher complexity, higher losses, and 

higher costs. For soft-switching conditions, it has 

an additional active lossless snubber circuit. Like 

the earlier systems, this converter achieves ZVS 

during switch turn-on, reduces switching losses. 

This architecture has higher complexity, higher 

losses, and higher costs due to the large value of 

semiconductor devices and storage components. 

The technique presented in the paper involves 

using a resonant circuit and auxiliary parts to 

achieve ZVS conditions for the switches. The 

operational modes shows that during transitions, 

current and voltage stresses becomes low. There 

are thorough design considerations given. 

MATLAB software is used to confirm the 

theoretical analysis's accuracy with experimental 

and simulation data. 

 

 

III. MODES OF OPERATION 

Mode``1 
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Fig 2: Circuit Diagram of Mode 1 of self-lift 

negative boost converter 

 

In the mode 1 the switch operates and Diode D 

works as reverse bias where Diode D1 works in 

forward bias condition. The supply current flows 

through switch connects resonant inductance and 

capacitor C1 and Inductor L.As the diode D acts as 

reverse bias, load is not connected directly with the 

source. 

The Voltage Across switch is zero, The switch 

current is equal to the supply current. 

𝑉𝑠𝑤 = 0                                                                 (1) 

𝐼𝑠𝑤 = 𝐼𝑠                                                                (2) 

The Voltage across Diode D1 is zero .The current 

through the diode D1 is equal to the Current flows 

through the capacitor C1. 

𝑉𝐷1 = 0                                                                  (3) 

𝐼𝐷1 = 𝐼𝐶1                                                                  (4) 

The Voltage Across Diode D s maximum, Current 

through the diode D is zero. 

𝐼𝐷 = 0                                                                        (5) 

 

Fig 3: Voltage waveforms of Switch, Diode D and 

Diode D1 during mode 1 of converter 

 

Fig 4: Current waveforms of Switch, Diode D and 

Diode D1 during mode 1 of the converter 

 

Mode 2 

 

Fig 5: Circuit Diagram of mode 2 of self-lift 

negative boost converter 

In the mode 2 switch turns on and connects the 

supply to the load, hence the supply current flows 

to the circuit through the switch and diode D. The 

Diode D acts as forward bias, The diode D1 acts as 

reverse bias. 

The current through the switch is equal to the 

supply current, as the very minimum current flows 

through the resonant capacitor during switch turn 

on time The voltage across the switch is zero 

𝐼𝑠𝑤 = 𝐼𝑠                                                                    (6) 

𝑉𝑠𝑤 = 0                                                                      (7) 

 

The current through the diode D1 is zero, the 

voltage across the diode D1 is maximum. 

𝐼𝐷1 = 0                                                                    (8) 
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The Voltage across diode D is zero. The diode D 

current is equal to the summation of capacitor C 

current and Inductor Lo Current. 

𝑉𝐷 = 0                                                                           (9) 

𝐼𝐷 = 𝐼𝐶 + 𝐼𝐿𝑜                                                                 (10) 

 

 

Fig 6: Voltage waveforms of Switch, Diode D and 

Diode D1 during mode 2 of converter 

 

Fig 7: Current waveforms of Switch, Diode D and 

Diode D1 during mode 1 of the converter 

 

 

Mode 3 

 

 

Fig 8: Circuit Diagram of mode 3 of self-lift 

negative boost converter 

In the mode 3 switch turns off and disconnects from 

the supply, hence the supply current flows to the 

circuit through the resonant capacitor Cr. The 

Diode D acts as forward bias which connects 

source and load, The diode D1 acts as reverse bias. 

The switch voltage is maximum and switch current 

is zero. 

𝐼𝑠𝑤 = 0                                                                 (11) 

The diode D current is equal to the summation of 

capacitor C current and Load Current. 

𝐼𝐷 = 𝐼𝐶 + 𝐼𝐿𝑜                                                            (12) 

𝑉𝐷 = 0                                                                     (13) 

The diode D1 current is zero, and the voltage across 

the diode D1 is maximum 

𝐼𝐷1 = 0                                                                 (14) 

 

Fig 9: Voltage waveforms of Switch, Diode D and 

Diode D1 during mode 3 of converter 

 

Fig 10: Current waveforms of Switch, Diode D and 

Diode D1 during mode 3 of the converter 
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Mode 4 

 

Fig 11: Circuit Diagram of mode 4 of self-lift 

negative boost converter 

 

The mode 4 circuit diagram is shown in the figure 

where the switch continuous to be in off position. 

hence the supply current flows to the circuit 

through the resonant capacitor Cr. The diode D acts 

as reverse bias thus the source did not directly 

connected to the load. The diode D1 acts as forward 

bias thus one end of the capacitor C1 connects with 

the ground. 

The switch current is zero, the voltage across the 

switch is maximum. 

𝐼𝑠𝑤 = 0                                                                  (15) 

The current through the diode D is zero and the 

voltage across the diode D is maximum. 

𝐼𝐷 = 0                                                                         (16) 

The current flows through the diode D1 is equal to 

the capacitor current C1. 

𝐼𝐷 = 𝐼𝐶1                                                                           (17) 

The voltage across the diode D1 is zero. 

𝑉𝐷1 = 0                                                                          (18) 

 

Fig 12: Voltage waveforms of Switch, Diode D and 

Diode D1 during mode 4 of converter 

 

 

Fig 13: Current waveforms of Switch, Diode D and 

Diode D1 during mode 4 of the converter 

 

IV. ANALYSIS AND SIMULATION 

RESULTS 

 

The output voltage is given by 

𝑉𝑜 = −𝑉𝑖𝑛
𝐷

1−𝐷
                                                      (19) 

Where Vin represents Input Voltage. 

D represents duty cycle 

The duty cycle is given by ratio of time period 

required for the switch to be in on position (Ton) to 

the total  time period (T) 

𝐷 =
𝑇𝑜𝑛

𝑇
                                                                  (20) 

 

When switch and diode 1 is in- on position and 

diode is in off position, source current is equal to 

resonant inductor current and sum of C1 current 

and L current. 

𝐼𝑠 = 𝐼𝐿𝑟 = (𝐼𝐿 + 𝐼𝐶1)                                                      (21) 
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The source current is equal to resonant inductor 

current. 

𝐼𝑠 = 𝐼𝐿𝑟                                                                 (22) 

The source current is the splits to the inductor L and 

capacitor C1 

𝐼𝑠 = 𝐼𝐿 + 𝐼𝐶1                                                          (23) 

 

 

When the switch is continues to be in on 

position,diode1 off and diode conducts, load 

connects with the supply .when switch becomes off 

position and diode conducts and diode 1 becomes 

reverse biased .load directly connects with the 

supply. 

𝐼𝑠𝑤 = 𝐼𝑠                                                                                (24) 

The Inductance L Current is equal to the 

summation of source current and diode current D. 

𝐼𝐿 = 𝐼𝑠 + 𝐼𝐷                                                            (25) 

The resonant inductor current is equal to the source 

current. 

𝐼𝐿𝑟 = 𝐼𝑠                                                                     (26) 

When the switch turns off ,diode continuous to be 

in forward biased position ,diode 1 is in reverse 

biased condition. The supply flows to the circuit 

through resonant capacitor Cr. 

𝐼𝑐𝑟 = 𝐼𝑠                                                                     (27) 

The source current is equal to the resonant 

Inductance Lr current. 

𝐼𝑠 = 𝐼𝐿𝑟 = 𝐼𝐶𝑟   (28) 

The Inductance L Current is equal to the 

summation of source current and diode current D. 

𝐼𝐿 = 𝐼𝑠 + 𝐼𝐷              (29) 

When the switch continues to be in off position 

diode becomes reverse bias and diode 1 is forward 

bias and conducts. capacitor C and inductor Lo 

discharges and supplies current to the load. 

𝐼𝐿𝑜 = 𝐼𝑜                                                                                (30) 

The resonant inductor Lr current is equal to the 

supply current. 

𝐼𝑠 = 𝐼𝐿𝑟     (31) 

The supply current splits into two parts and flows 

to the inductance L and Capacitor C1. 

𝐼𝑠 = 𝐼𝐿 + 𝐼𝐶1                                                          (32) 

The simulation is done using MATLAB Simulink 

software where the results of resonant parameters 

and output voltage and current were taken as 

waveforms. The simulation diagram is shown in 

the figure 2. The figure 3 represents the load 

current and load voltage and the figure 4 shows the 

resonant parameters 

 

Fig 14: Load voltage and Load current 

The source voltage is given as 48V and the resulted 

load voltage is - 110V. negative indicates as 

negative boost converter. 
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Fig 15:Resonant Inductor and Capacitor with 

respect to pulse 

 

When the switch conducts the capacitor voltage 

becomes high and when switch is in off position 

capacitor voltage will be low. when switch 

conducts inductor charges and discharges when 

capacitor connects. 

V.  CONCLUSION 

In this study, a soft-switching boost DC/DC 

converter is analyzed, designed, and its 

experimental and simulation results are presented. 

The goal of implementing the soft-switching 

technology is to reduce the system's internal 

voltage and current stressors. Interestingly, the 

voltage between the switches drops to zero at the 

end, enabling both switches to initiate zero-voltage 

switching (ZVS) .Moreover, because the currents 

in both switches climb gradually after the ON 

transition, they undergo very little stress. It is 

noteworthy, nevertheless, that because there are no 

zero-current switching (ZCS) conditions present, 

both switches experience hard switching during the 

turn-off transitions. Equations obtained throughout 

the study. The ratio is crucial when choosing 

between inductors and capacitors. Seven criteria 

are used in a thorough assessment to compare the 

suggested structure to conventional topologies. 

The suggested configuration reduces the voltage 

and current strains on the primary and secondary 

switches and provides ZVS conditions during ON 

transitions. 
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