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ABSTRACT 

 

 

 

This project proposed a high voltage gain DC-DC converter with high boost ratio by 

using Interleaved switching technique in order to reduce the inductance of inductor 

required in the proposed converter circuit structure. This project considered Marx 

generator principle to boost-up the voltage where the boost ratio used is 8.33 with 

three stages of high voltage gain DC-DC converter. By using the Marx topology to 

boost-up voltage, the reduction of current stress at the switching devices cause the 

reduction of conduction loss and switching loss. The efficiency of the proposed 

converter will be compared by using interleaved switching technique and 

synchronous switching technique. Principally, the interleaved switching technique 

able to reduce the current stress on the component. By using interleaved switching 

technique, the current stress on the components reduces about 35% when using 640 

µH and 64% when using 800 µH of output inductance compared to synchronous 

switching technique When synchronous switching pattern is considered, the output 

voltage obtain is 375 V and the transient response is 0.02 s. However, by 

implementing interleaved switching pattern the output voltage obtain is 410 V by 

considering the practical condition and the transient response improved to 0.01 s. 

Thus, when the proposed of high voltage gain DC-DC converter is considered with 

interleaved switching technique, the current stress on the components could be 

reduced and consequently, the overall losses of the converter can be reduced.  
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ABSTRAK 

 

 

 

Projek ini mencadangkan penukar DC-DC voltan tinggi dengan nisbah rangsangan 

tinggi dengan menggunakan teknik pensuisan interleaved untuk mengurangkan 

induktansi induktor yang diperlukan dalam struktur litar penukar yang dicadangkan. 

Projek ini menggunakan prinsip Marx generator untuk meningkatkan voltan di mana 

nisbah rangsang yang digunakan ialah 8.33 dengan tiga peringkat penukar DC-DC 

untuk mendapatkan voltan yang tinggi. Dengan menggunakan topologi Marx untuk 

meningkatkan voltan, pengurangan tekanan arus pada peranti suis menyebabkan 

pengurangan kehilangan pengaliran dan kehilangan pensuisan. Kecekapan penukar 

yang dicadangkan akan dibandingkan dengan menggunakan teknik pensuisan 

interleaved dan teknik pensuisan synchronous. Pada dasarnya, teknik pensuisan 

interleaved mampu mengurangkan tekanan arus pada komponen. Dengan 

menggunakan teknik pensuisan interleaved, tekanan arus pada komponen dapat 

dikurangkan sebanyak 35% apabila menggunakan 640 μH dan 64% apabila 

menggunakan 800 μH induktans keluaran berbanding dengan teknik pensuisan 

synchronous. Apabila pensuisan synchronous digunakan, voltan keluaran yang 

diperoleh ialah 375 V dan tindak balas transient ialah 0.02 s. Walau bagaimanapun, 

dengan melaksanakan corak pensuisan interleaved, voltan keluaran yang diperoleh 

ialah 410 V dengan mempertimbangkan keadaan praktikal dan tindak balas transient  

meningkat kepada 0.01 s. Oleh itu, apabila cadangan penukar DC-DC voltan tinggi 

dengan menggunakan teknik pensuisan interleaved, tekanan arus pada komponen 

dapat dikurangkan dan keseluruhan, kerugian keseluruhan penukar boleh 

dikurangkan. 

 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

vi 

 

CONTENTS 

 

 
TITLE i 

DECLARATION ii 

ACKNOWLEDGEMENT iii 

ABSTRACT iv 

TABLE OF CONTENTS vi 

LIST OF FIGURES ix 

LIST OF TABLE xi 

CHAPTER 1  INTRODUCTION 1 

1.1 Introduction 1 

1.2 Problem Statement 5 

1.3 Project Objectives 6 

1.4 Project Scopes 7 

CHAPTER 2   LITERATURE REVIEW 8 

2.1 Introduction 8 

2.2 DC-DC Boost Converter 8 

2.2.1 Operation of boost (DC) converter 9 

2.3 Marx Generator 11 

2.3.1 Marx Generator Design Principles 12 

2.4 Synchronous Switching Scheme 13 

2.5 Interleaved Switching Scheme 14 

2.6 Pulse Width Modulation (PWM) 15



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

vii 

 

2.7 MATLAB/Simulink 16 

2.8 Previous projects 17 

CHAPTER 3   METHODOLOGY 19 

3.1 Introduction 19 

3.2 Project Flowchart 19 

3.3 Project Design Specification 21 

3.4 Software Development 22 

3.4.1 High Voltage Gain DC-DC converter circuit 22 

3.4.2 Pulse Width Modulator for Synchronous Switching 24 

3.4.3 Pulse Width Modulator for Interleaved Switching 26 

3.4.4 Pulse Width Modulator (PWM) 28 

CHAPTER 4   RESULTS AND ANALYSIS 30 

4.1 Introduction 30 

4.2 Simulation Results 30 

4.2.1 Synchronous Switching Simulation 30 

4.2.2 Interleaved Switching Simulation 33 

4.2.3 Interleaved Switching Simulation with using PWM 37 

CHAPTER 5   CONCLUSIONS AND RECOMMENDATIONS 40 

5.1 Conclusions 40 

5.2 Recommendations 40 

REFERENCES 42 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

viii 

 

LIST OF FIGURES 

 

1.1              Electric Vehicle Power System Configuration 2 

1.2              Photovoltage System Flow Diagram 2 

1.3              Photovoltaic System Flow Diagram 3 

1.4              Project‟s General Layout 4 

2.1              Basic Boost Converter Circuit 9 

2.2              Boost Converter Operation at Switch On 10 

2.3              Current Path with MOSFET Off 10 

2.4              Current Path with MOSFET On 11 

2.5              Marx Generator Principle Charging and Discharging Process 13 

2.6              Synchronous Switching Scheme 14 

2.7              Interleaved Switching Scheme 15 

2.8              MATLAB 2014 Beta Version 16 

3.1              Overall Flowchart for PS project 20 

3.2              Schematic Diagram of Proposed Converter 21 

3.3              Simulation Circuit of High Voltage Gain DC-DC Converter 22 

3.4              Synchronous Switching Pattern for 3-level HVGC 24 

3.5              Pulse generator blocks setup for Synchronous switching pattern 26 

3.6              Interleaved Switching Pattern for 3-level HVGC 27 

3.7              Pulse Generator Blocks setup for generation of Interleaved  

                   switching signal 28 

3.8              PWM setup for Interleaved switching pattern 29 

4.1              Synchronous Switching Pattern for Proposed Converter 31 

4.2              Output Voltage of Proposed Converter using Synchronous  

                   Switching 32 

4.3              Current between stage 3 and stage 2 and current between stage 2 

                   and stage 1 for Lout = 640µF 33 

4.4              Current between stage 3 and stage 2 and current between stage 2 

                   and stage 1 for Lout = 800µF 33



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

ix 

 

4.5              Interleaved Switching Pattern for Proposed Converter 34 

4.6              Output Voltage of Proposed Converter using Interleaved  

                   Switching 35 

4.7              Current between stage 3 and stage 2 and current between stage 2  

                   and stage 1 for Lout = 640µF 36 

4.8              Current between stage 3 and stage 2 and current between stage 2 

                   and stage 1 for Lout = 800µF 36 

4.9              Interleaved signal from PWM 38 

4.10            Circuit Output with Multiple Stage Setting 39 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

x 

 

LIST OF TABLE 

 

 

3.1……… List of Components and Values of the Converter Circuit 23 

 

 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

1 

 

 

 

 

CHAPTER 1  

 

 

INTRODUCTION 

 

 

1.1 Introduction 

In this project, we highlight the application of the High Voltage Gain DC-DC 

Converter (HVGC) using interleaved switching scheme in three major industries 

which are Electric Vehicle (EV), Photovoltaic (PV)and Data Center (DataC). 

 An electric car is powered by an electric motor instead of a gasoline engine. 

The electric motor gets energy from a controller, which regulates the amount of 

power based on the driver‟s use of an accelerator pedal. The electric car (also known 

as electric vehicle or EV) uses energy stored in its rechargeable batteries, which are 

recharged by common household electricity [1]. Unlike a hybrid car which is fuelled 

by gasoline and uses a battery and motor to improve efficiency, an electric car is 

powered exclusively by electricity. One of the major issue to this was the demand of 

battery (Li-Ion) required to supply the EV [2]. Just like oil, lithium (Li-Ion) is a finite 

resource, and it is becoming more expensive because of the demands made by 

automakers. By introducing this converter, we can give a proposed solution in 

reducing the total battery unit demand. 

 A step further is to improve the switching pattern for the converter to have 

better output voltage desired, to reduce the power loss in the converter by reducing 

the current stress at input side and to able to produce difference of output value by 

the introduction of controller at the system. 
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Figure 1.1: Electric Vehicle Power System Configuration 

 

 Photovoltaic (PV) is the process of converting sunlight directly into 

electricity. It use solar panel to capture sunlight which comprise of several solar cells 

made up of films which are different in materials[3]. To capture as much light 

possible, the PV use coating from anti-reflective materials on its surface. Underneath 

the surface is semiconductor materials consist of sandwiched positive and negative 

conductor with silicon in the middle of it. In occasion of PV capturing the photons, 

atoms form the outer electrons will be released inside the semiconductor [3], [4]. The 

anode and cathode conductors generate a pathway for the electrons. Due to this 

scenario it creates electric current. As the voltage harvested quite small, DC 

converter is crucial in increasing the voltage before supplying to the grid. 

 

 

Figure 1.2: Photovoltage System Flow Diagram 
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 A data centre is a facility used to house computer systems and associated 

components, such as telecommunications and storage systems. It generally includes 

redundant or backup power supplies, redundant data communications connections, 

environmental controls (e.g. air conditioning, fire suppression) and various security 

devices[5], [6]. The main purpose of a data centre is running the IT systems 

applications that handle the core business and operational data of the organization. 

Data centre are among the biggest consumers of electrical energy, which use DC 

electricity. Limiting the number of DC/AC/DC conversions – from the solar platform 

(CD) to the building distribution system (AC) and back to data centre equipment 

(various DC voltages) – saves money and drives efficiency[6]. 

 

 

 

Figure 1.3: Photovoltaic System Flow Diagram 

 

 In this project, a high voltage gain DC-DC converter using Marx topology is 

recommended in order to lessen the problem involving current stress in the input side 

of the DC-DC converter especially for boost converter[7]. The proposed converter 

circuit will produce high output from low-voltage DC source by the operation of 

relating the principle of Marx pulse generator. 

 Another modification that is made in the operation and principle of the 

proposed converter is by implementing Interleaved switching technique which will 

help in the process of reducing the recurred inductance for the proposed converter 

circuit structure. Figure 1.4 shows the general layout of the project. A DC voltage 

source will be connected at the input side of the converter which will boost the DC 
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voltage using Marx topology principle with lower inductance at the circuit structure 

due to the implementation of Interleaved switching technique.  

 

Figure 1.4: Project‟s General Layout 

 

High Voltage Gain 

DC-DC converter 

 

Vdc_in Vdc_out 
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1.2 Problem Statement 

Power switches are used to open and close a circuit. When a circuit is opened, 

current flowing through it is interrupted which cause changes in current with small 

change in time di/dt to increase. This will cause switches to melt or fuse[8]. 

Moreover, common electrical machines require high voltage in their operation.  In 

this context, system that uses low DC source needs a high ratio boost converter. 

Some of this converter needs multiple stages which will increase the current stress. 

Therefore, a different topology should be implement in the circuit structure of the 

converter to enable the converter operates with minimal current stress [7], [9]. 

 Some application of the electric machines requires variance of input level. 

For conventional switching pulse generator, the changes must be made to the value 

of the components in the converter circuit adequate to vary the converter output side.  

A new switching method should be implemented in the system to enable the 

converter to produce multiple level of output without any physical alteration to the 

values of the components and the structure of the converter circuit [8], [9]. 
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1.3 Project Objectives 

In accordance to the problem statements, three objectives are set to be achieved 

throughout the project which are; 

1. To reduce current stress at the input side of high voltage gain DC-DC 

converter with interleaved switching technique. 

2. To create interleaved switching pattern to the DC-DC converter for better 

desired output voltage with implementation of Pulse Width Modulation 

(PWM) to produce variable output without changing the values of the 

components in the circuit. 
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1.4 Project Scopes 

 

In this project the scope of work will be undertaken in the following development 

stages: 

 

 The input value of the proposed converter during simulation is chosen based 

on the common value of available storage device to show that the proposed 

converter design is practical to real application. We are using 48 Vdc as input 

and 400Vdc as a desired output. 

 The proposed converter is using Marx topology which require multi-stages in 

the circuit structure. The number of stages depends on the boost ratio of the 

converter. Therefore, in this project, we choose three (3) stages for the 

proposed converter to boost up the voltage to common value of voltage scale 

required in application such as Electric Vehicle (EV), Photovoltaic (PV)and 

Data Centre (DataC). 

 The analysis of the project will be done based on the rate of reduction in 

power efficiency due to the reduction of current stress at the input of the 

converter. Other than that, PWM will be implement to have the converter the 

ability to change the rating at the output voltage of the converter. 
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CHAPTER 2  

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

This chapter will concentrate on studies, fact and research project on a focus on this 

project title. The chapter will also evaluate on four major themes which commonly 

occur throughout the literature reviewed. Those areas are DC-DC boost converter, 

Marx generator topology, Synchronous and Interleaved switching technique. 

 

2.2 DC-DC Boost Converter 

A Boost converter is a switch mode DC to DC converter in which the output voltage 

is greater than the input voltage. It is also called as step up converter[9]–[12]. The 

name steps up converter comes from the fact that analogous to step up transformer 

the input voltage is stepped up to a level greater than the input voltage. By law of 

conservation of energy, the input power has to be equal to output power (assuming 

no losses in the circuit). 

                                             Input power (Pin) = output power (Pout)                     (2.1) 

 

SinceVin < Vout in a boost converter, it follows then that the output current is less than 

the input current. Therefore, in boost converter 

 

                                                     Vin < Vout and Iin >Iout                                           (2.2) 

 

 Power for the boost converter can come from any suitable DC sources, such 

as batteries, solar panels, rectifiers and DC generators[11]. A process that changes 
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one DC voltage to a different DC voltage is called DC to DC conversion. A boost 

converter is a DC to DC converter with an output voltage greater than the source 

voltage. A boost converter is sometimes called a step-up converter since it "steps up" 

the source voltage. Since power (P=VI) must be conserved, the output current is 

lower than the source current[10]. 

 The main working principle of boost converter is that the inductor in the input 

circuit resists sudden variations in input current. When switch is OFF the inductor 

stores energy in the form of magnetic energy and discharges it when switch is 

closed[1], [3]. The capacitor in the output circuit is assumed large enough that the 

time constant of RC circuit in the output stage is high. The large time constant 

compared to switching period ensures a constant output voltage Vo(t) = Vo(constant). 

Figure 2.1 show the basic boost converter. 

 

 

Figure 2.1: Basic Boost Converter Circuit 

 

2.2.1 Operation of boost (DC) converter 

At start up condition, the circuit condition is demonstrated in Figure 2.2 where 

MOSFET is applied with high edge from the frequency square wave. In this scenario 

conductivity occurs to MOSFET creating a short circuit at the right-hand side of L1. 

The short circuit travel to negative input supply terminal[13]. L1 stocks energy in its 

magnetic field by the movement of electric current in the middle of positive 

terminals and negative terminals. Due to much higher impedance detected at the 

load, C1 and D1, compared to the track directly through the greatly conducting 

MOSFET, there is practically no current flow occurs.   
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Figure 2.2: Boost Converter Operation at Switch On 

 

Figure 2.3 shows the current path during the low period of the switching square wave 

cycle. As the MOSFET is rapidly turned off the sudden drop in current causes L1 to 

produce a back e.m.f. in the opposite polarity to the voltage across L1 during the on 

period, to keep current flowing [13]. This results in two voltages, the supply voltage 

VIN and the back e.m.f.(VL) across L1 in series with each other. 

 This higher voltage (VIN +VL), now that there is no current path through the 

MOSFET, forward biases D1. The resulting current through D1 charges up C1 to VIN 

+VL minus the small forward voltage drop across D1, and also supplies the load. 

 

 

Figure 2.3: Current Path with MOSFET Off 
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 Figure 2.4 shows the circuit action during MOSFET on periods after the 

initial start-up. Each time the MOSFET conducts, the cathode of D1 is more positive 

than its anode, due to the charge on C1. D1 is therefore turned off so the output of 

the circuit is isolated from the input, however the load continues to be supplied with 

VIN +VL from the charge on C1. Although the charge C1 drains away through the 

load during this period, C1 is recharged each time the MOSFET switches off, so 

maintaining an almost steady output voltage across the load. 

 

 

Figure 2.4: Current Path with MOSFET On 

 

2.3 Marx Generator 

In 1924, a research and replica have been made by the German electrician scientist 

named Erwin Otto Marx who developed a generator which can produce high voltage 

pulse[14]. The generator then named as Marx generator which function is to enlarge 

the small DC input voltage and enhance it to a pulse with high voltage ability. As a 

result, the Marx generators are then occupying the needs of high voltage for research 

in physics, and also to mimicking the lightning characteristic and its effects to 

aeroplane system devices and disturbance created to power-line gear. 

 The basic concept of the Marx generator is to arrange and charging parallel 

set of capacitors and release them in series pattern. Normally, Marx generators 

include of a N number of segments where each segment consists of N number of sub 

segments. Then each segment contains of a set of 2 registers and capacitors[7], [8], 
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[14]. Commonly this setup used for testing with high voltage (HV) impulse to boost 

up the voltage requirement due to low voltage level. 

 

2.3.1 Marx Generator Design Principles 

The parallel connection of the stage capacitors will create pulse with high voltage 

rating when abruptly linking with series arrangement. Generally, a set of capacitors 

attached in series with resistance Rc and parallel charged to input voltage (V). At this 

stage, the charged capacitors will perform as virtual open circuit to the system. 

Replacing the sparks gap with switches, activate the voltage (V) through them, will 

create higher breakdown voltages compared to the normal voltages[8], [15]. 

In order to produce the first output pulse spark, the breakdown cause by the 

gap will shortened when setting the first 2 series applying a two (2) volt engaging 

with series arrangement for the first two capacitors. Subsequently voltage is then 

applied on the next 2
nd

 spark gap[15]. The spark gap in second location is 

accordingly accumulating the 3
rd

 capacitor to stack. The continuity of this 

progression will allow all the gaps to breakdown and adding the value of total 

voltage generated. At the end of the final gap, it is being attached to a set of series 

capacitors and to the output load terminals.  
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Figure 2.5: Marx Generator Principle Charging and Discharging Process 

 

2.4 Synchronous Switching Scheme 

The switching pattern for synchronized technique arrange that charging stages 

capacitors are done at the same time. On the discharging cycle, it is also done at the 

same time[16], [17]. As the stage capacitors connected in series and then connected 

to output capacitor, voltage gain can be achieved. This will give a high boost ratio to 

the output voltage side of the DC- DC converter. 
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Figure 2.6: Synchronous Switching Scheme 

 

2.5 Interleaved Switching Scheme 

The converters are controlled by interleaved switching signals, which have same 

switching frequency but shifted in phase[18]. For interleaved switching pattern, C1 

and C2 are the stage capacitor in which being charged together; whereas the third 

capacitor C3 being alternate charged. Then, all the stage capacitors will be discharge 

together at the same time in during discharge mode[9]. In another words, interleaved 

technique will enable the system to have two cycles of charge and discharge of the 

stage capacitors. The converter with interleaved switching attributes will increase the 

efficiency, decrease the voltage ripple, decrease current inductor ripple and also 

speed up the switching. [18], [19].  
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Figure 2.7: Interleaved Switching Scheme 

 

2.6 Pulse Width Modulation (PWM) 

A Pulse Width Modulation (PWM) signal is a method for generating an analog signal 

using a digital source [20]. Although this modulation technique can be used to 

encode information for transmission, its main use is to allow the control of the power 

supplied to electrical devices, especially to inertial loads such as motors. The average 

value of voltage (and current) fed to the load is controlled by turning the switch 

between supply and load „On‟ and „Off” at a fast rate [20]. The longer the switch is 

on compared to the off periods, the higher the total power supplied to the load.  

 A PWM signal consists of two main components that define its behavior: a 

duty cycle and a frequency [20]. The duty cycle describes the amount of time the 

signal is in a high (On) state as a percentage of the total time of it takes to complete 

one cycle [20]. The frequency determines how fast the PWM completes a cycle or in 

another word, how fast it switches between high and low states. Duty cycle is then 

defines as the ratio of 'On' time to the fixed interval or 'period' of time; a small duty 
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