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ABSTRACT 

 

 

DC-DC converters are widely used in regulated switch mode DC power supplies. The 

input of these converters is an unregulated DC voltage and therefore it will fluctuate due to 

the disturbances in the system. The output voltage regulation in DC-DC converter is 

achieved by constantly adjusting the amount of energy absorbed from the source and that 

injected into the load, which is in turn controlled by the relative durations of the absorption 

and injection intervals. The objectives of this project are to design a DC-DC boost 

converter and to make the hardware implementation of the circuit. This system utilized 

basic open-loop and closed-loop control configurations of the boost converter. The 

parameter of component values for hardware design can be obtained through some 

calculation from the theoretical formulae and analysis on MATLAB Simulink software. 

The methodology of designing the hardware circuit is presented in details. All the 

simulation results will be verified by the hardware design. The process involved are 

simulating the boost converter circuit, designing the circuit layout, making the printed 

circuit board (PCB), testing the PCB board, analysing the data on hardware and drawing 

conclusion. Hardware implementations have been done in order to verify the operation of 

the boost converter. From this project, the output voltage obtained in hardware is slightly 

different compared to the simulation due to some unresolved issues. Other than that, the 

acceptable results are valid for PWM and gate driver. The efficiency of the boost converter 

is almost to 1 which is close to the ideal when tested with load variation. 
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ABSTRAK 

 

 

Penukar DC-DC digunakan secara meluas dalam mod suis terkawal bekalankuasa DC. 

Input penukar ini adalah voltan DC yang tidak dikawal dan oleh itu ia akan naik turun 

disebabkan oleh gangguan dalam sistem. Peraturan voltan keluaran di penukar DC-DC 

dicapai dengan sentiasa menyesuaikan jumlah tenaga yang diserap dari sumber dan yang 

disuntik ke dalam beban, seterusnya dikawal oleh tempoh masa relative penyerapan dan 

suntikan selang. Objektif projek ini adalah untuk mereka bentuk penukar rangsangan DC-

DC dan membuat pelaksanaan perkakasan litar. Sistem ini digunakan untuk konfigurasi 

asas penukar rangsangan kawalan gelung terbuka dan kawalan gelung tertutup. Nilai-nilai 

parameter komponen untuk reka bentuk perkakasan boleh didapati melalui beberapa 

pengiraan daripada formula teori dan analisis pada perisian MATLAB Simulink. 

Metodologi mereka bentuk litar perkakasan dibentangkan secara terperinci. Semua 

keputusan simulasi akan disahkan oleh reka bentuk perkakasan. Proses ini terlibat secara 

simulasi rangsangan penukar litar, mereka bentuk susun atur litar, membuat papan litar 

bercetak (PCB), menguji papan PCB, menganalisis data pada perkakasan dan membuat 

keputusan. Pelaksanaan perkakasan telah dilakukan untuk mengesahkan operasi 

rangsangan penukar. Daripada projek ini, voltan output yang didapati dalam perkakasan 

adalah sedikit berbeza berbanding simulasi kerana beberapa isu-isu yang tidak dapat 

diselesaikan. Selain daripada itu, keputusan yang boleh diterima adalah sah untuk PWM 

dan pemandu pintu. Kecekapan rangsangan penukar adalah hampir kepada 1 yang 

berhampiran dengan ideal apabila diuji dengan perubahan beban. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background 

 

Converters required power electronic circuit in order to match the voltage and 

current requirements of the load to those of the source. Converters are classified by the 

relationship between input and output [1]. 

 DC-DC converters are used to convert the unregulated DC input to a controlled DC 

output with a desired voltage output. It is classified as a regulator and it is useful when a 

load requires a specified DC voltage or current but the source is at a different or 

unregulated DC value. It is used widely in DC motor drive application and it provides 

smooth acceleration control, high efficiency and fast dynamic response [2]. 

 Control system has been designed in order to compensate any disturbance or error 

in the converter system. Control design for any system involves a mathematical description 

of the relation among inputs to the process, state variables, and output. These control 

parameters will be presented in the form of mathematical equations which describe 

behaviour of the system called as model of the system. 

The advantages and primary reasons of building control system are to get power 

amplification, remote control, convenience of input form and compensation for disturbance 

[3]. 
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1.2 Problem Statement 

 

DC-DC boost converter also known as a regulator is a design of power electronics 

which capable to regulate unregulated DC input to a desired voltage output. There are two 

basic configurations applied in boost converter system, namely open-loop and closed-loop 

respectively. Open-loop system is simpler manual modelling where as closed-loop system 

is automatic control system modelling. The DC-DC boost converter needs four external 

components: inductor, electronic switch, and diode and output capacitor.  

The converter operates in two different modes depending on its energy storage 

capacity and the relative length of the switching period. These two operating modes are 

known as the discontinuous conduction mode (DCM) and continuous conduction mode 

(CCM). If the energy storage capacity of the converter is too small or the switching period 

is relatively too long, then the converter would transmit all the stored energy to the load 

before the next cycle begins.  

Therefore, the boost converter circuit undergo debugging, testing the parameters 

and collecting data for the implementation of hardware circuit. This hardware is designed 

using OrCAD software to make the hardware more convenient and efficient. 

 

 

1.3 Project Objectives 

 

There are four objectives to be covered in this project: 

1. To model the open-loop and closed-loop boost converter. 

2. To design the hardware of open-loop and closed-loop boost converter. 

3. To develop calculations for determining relative circuit parameters for the design of 

boost converter. 

4. To verify the performance of open-loop and closed-loop boost converter. 
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1.4 Scope of the Project 

 

The scope of this project is to create a boost converter in continuous current mode 

(CCM) by applying the theoretical concepts and the simulation designs into hardware 

implementation. The basic theoretical about fundamental behaviour of boost converter, 

pulse width modulation and gate driver been studied in order to achieve the objectives of 

this project. In this project, MOSFET power switch will be used as a switching device. The 

simulation of DC-DC boost converter will be simulated by using MATLAB Simulink 

software to analyze the optimum performance characteristics of the boost converter. The 

PCB of boost converter circuit will be designed using OrCAD software. 

 

 

1.5 Report Outlines 

 

This report is organized in five chapters; Chapter 1 offers a preface about power 

electronic converters focusing on boost converter. Besides, the objectives, problem 

statement and scope of the project are also addressed. 

 Chapter 2 provides the discussion based on theories and literature reviews that 

have been done Then, the basic knowledge to the specific converter that is the boost 

converter been introduced. The theoretical analysis of the boost converter describes in 

detail in order to understand all the important parameters related to the system. 

 Chapter 3 explains on the methods implement to carry out the analysis of the boost 

converter. The introduction of flowchart, milestones and Gantt chart make ease the 

sequence of the project operation. Other than that, the simulation approach and hardware 

implementation are stated in this chapter. The boost converter will be tested in open-loop 

system and closed-loop system. The simulation is verified under MATLAB Simulink 

environment, while the hardware implementation describes the design procedures of PCB 

circuit. 

'tin

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



4 
 

 Chapter 4 represents the design analysis of boost converter using the simulation 

and hardware implementation approaches. The experimental results and analysis for boost 

converter in open loop and closed loop system are also included in this part. 

 Chapter 5 concludes the overall achievement of the boost converter project. This 

chapter conclude all the data that been gathered and collected. A summary is reviewed to 

finalize the outcome of the project. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 

This chapter review the existing project created to get an idea about the boost 

converter by following conception, specification and any information that related to the 

project. In later of this chapter, some review about the proposed design of boost converter 

to fulfil this project will be reported. 

 

 

2.2 Converters 

 

Converters serve as an interface between the source and load as shown in Figure 

2.1. It convert one type or level of a voltage or current waveform to another and classified 

by the relationship between input signal and output signal as shown in Table 2.1 [12]. 
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Source LoadConverter
Input Output

 

Figure 2.1: Basic converter system [12]. 

 

Converter circuits capable to operate in different mode, depending on electronic 

circuit used, high frequency switching semiconductor and applied control system. Thus, 

converters are capable to operate in multiple stages in a process with different type of 

converter involves in Figure 2.2 [12]. 

 

Source LoadConverter 1
Input Output

Converter 1

 

Figure 2.2: Two converters are used in a multistep process [12]. 

 

Table 2.1: Classification of converters [12]. 

Type of converter Functions 

AC input/DC output The AC/DC converter that produces a DC output from an 

AC input. It classified as a rectifier. 

DC input/AC output The DC/AC converter that produces a AC output from a 

DC input. It classified as a inverter. 

DC input/DC output The DC/DC converter that produces a DC output from a 

DC input. It classified as a regulator. 

*
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AC input/AC output The AC/AC converter that produces a AC output from an 

AC input. It used to change the level and/or frequency of 

an AC signal. 

 

 

2.3 DC-DC Converter 

 

DC-DC converters are used to convert the unregulated DC input to a controlled DC 

output at a desired voltage output. It is classified as a regulator and it is useful when load 

requires a specified DC voltage or current but the source input is at a different or 

unregulated DC value [12]. Generally, DC-DC converter block diagram is shown in Figure 

2.3. 

 

Load

Controller (from feedback circuit)

DC Input DC OutputDC 
Source

 

Figure 2.3: General DC-DC converter block diagram [12]. 

 

DC-DC converters include buck converters, boost converters, buck-boost 

converters, Ćuk converters and full-bridge converters [9]. Switched DC-DC converters 

offer a method to increase or decrease an output voltage depend on application or system. 

NV-AYSU
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DC-DC converters operate in two modes according to the inductor current. The inductor 

current fluctuates but never goes down to zero is called Continuous Conduction Mode 

(CCM), while Discontinuous Conduction Mode (DCM) happens when the inductor current 

fluctuates and goes down to zero at or before the end of each cycle [12]. 

 Energy is periodically stored into and released from a magnetic field in an inductor. 

This is applied to control the output voltage so that the output remains constant even 

though the input voltages keep changing. There are two categories of DC-DC converters 

that are non-isolated DC-DC converter (Buck, Boost and Buck-Boost) and isolated DC-DC 

converter (Flyback, Forward, Push-Pull, Full-Bridge and Half-Bridge) [12]. 

 Non-isolated DC-DC converter is used when the input of converter is often an 

unregulated DC voltage, which is obtained by rectifying the line voltage. Therefore, it will 

vary due to the changes in the line voltage magnitude. Switched-mode DC-DC converters 

are used to convert the unregulated DC input to a controlled DC output at a desired voltage 

level. 

 Isolated DC-DC converter, full-bridge converter and half-bridge converter are 

derived from the step-down converter. Flyback converter is derived from the buck-boost 

converter. Forward converter and push-pull converter are derived from the step-down 

converter with isolation [12]. 

 

 

2.3.1 DC-DC Converter Switching 

 

There are two switching condition that need to be applied, that is when ON and 

OFF states as shown in Figure 2.4. 

When ON state, the output voltage is the same as the input voltage and the voltage 

across the switch is 0V. 

When OFF state, the output voltage = 0V and the current through the switch = 0A. 

In ideal condition, power loss = 0W since the output power equal to the input power. 

'tin

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



9 
 

DC-DC Converter

+

-

RL

io
ioiin

VDC

 

Figure 2.4: Switching ON and OFF of DC-DC converter [12]. 

 

ON and OFF states resulting in pulse as shown in Figure 2.5 where the switching 

period, T, is a one full cycle (360°) of a waveform ranging from tON to tOFF pulse. 

 

0 tON tOFF

Switching Period, T

Input Voltage, VDC Average Output Voltage, VO

t

VO(t)

Figure 2.5: tON and tOFF pulse [12]. 
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Thus, duty ratio, D, which depends on tON and range of duty ratio is 0 < D <1. If 

switching frequency, ƒs, is given, 

    
   

        
   

   

 
                (2-1) 

Average DC output voltage, 

  ̅    
 
 

∫   
 
         

 

 
∫   

  
           (2-2) 

There are two modes of operation in DC-DC converters based on inductor current, iL, 

i) Continuous Conduction Mode (CCM), when iL> 0. 

ii) Discontinuous Conduction Mode (DCM) when iL goes to 0 and stays at 0 for some 

time. 

 

0
t

iLmax

iLmin

iL(t)

 

Figure 2.6: Continuous Conduction Mode [12]. 

 

t

iLmax

iLmin = 0

iL(t)

Figure 2.7: Discontinuous Conduction Mode [12]. 

iL = iR 

 

iL = iR 

 

n

- -
H
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In steady state and periodic operation, inductor charges and discharges with Vavg 

DC voltage across inductor in one period = 0. Thus, inductor looks like a short circuit as 

shown in Figure 2.8. 

 

t

iL(t)

VL(t)

0

0
A+

A-

t t+T
t

T

SubCircuit1 SubCircuit2
+ -

L

VL

Figure 2.8: iL: and VL when inductor looks like short circuit [12]. 

 

The advantage of CCM over DCM by using the DC conversion ratio is independent 

of the load, which makes DC analysis of converters operating in CCM easier. While 

operating in DCM, the output voltage depends on the load and the duty ratio of the switch, 

which makes DC analysis of converters operating in DCM more complicated. Also, to 

deliver the same power in DCM as in CCM, the peak currents are higher, resulting in 

greater losses in the conduction paths leads to reduced efficiency and higher peak current 

can also cause switch stress and greater input and output current ripple that adversely 

affects noise issues [16]. 
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2.4 Analysis of Boost Converter 

 

Boost converter or step-up converter, is switching DC-DC converter that produces 

an output voltage greater than the source voltage. Boost converter consists of a prime 

component that will build in the converter such as diode, inductor, capacitor, resistor, 

power MOSFET and PWM controller. 

 

VS

+ -

+

-

VO

iC

 iDVL

iL

L

S

D

C R

 
Figure 2.9: The boost converter [5]. 

 

 A basic boost configuration is depicted in Figure 2.9. Assuming that the switch 

(transistor) has been open for a long time and the components are ideal, the voltage across 

the capacitor is equal to the input voltage. 

 

 

2.4.1 Charge Phase 

 

Figure 2.10 shows the charge phase. When the switch is closed, the input voltage is 

flowing across the inductor. The diode prevents the capacitor from discharging to ground. 

It causes the diode to be reverse-biased. The current across the inductor rises linearly with 

time rate due to the rate of change of current is a constant. The current across the inductor 

increases and the energy stored in the inductor builds up [5]. 
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+ -

+

-

iL

VL = Vs 

VS

L

S

D

C R VO

 
Figure 2.10: Boost converter charge phase [5]. 

  

Kirchoff‟s voltage law around the path containing the source input, inductor and closed 

switch is: 

  =   = L 
   

  
  or 

   

  
 = 

  

 
   (2-3) 

 

The change in inductor current is computed from: 
   

  
 =    

  
 =   

 
    (2-4) 

 

Therefore,     for the switch closed is: 

(   )closed  
    

 
    (2.5) 

 

 

2.4.2 Discharge Phase 

 

Figure 2.11 shows the discharge phase. When the switch is opened, the voltage 

across the inductor is changing to maintain current flow. The inductor is discharging its 

energy and the polarity of inductor voltage is such that its terminal connected to the diode 

is positive with respect to its other terminal connected to the source. So, the diode becomes 

forward-biased to provide a path for inductor current. Now the capacitor voltage is higher 

than the source voltage. The inductor receives energy when the switch is closed and 
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transfers it to the output when the switch is open. When the capacitor is relatively large, 

Vout remains relatively constant during the second half of the cycle [5]. 

 

VS

+ -

+

-

VO

iL

VL = Vs - Vo 

L

C R

 

Figure 2.11: Boost converter discharge phase [5]. 

 

Assuming that the output voltage Vo is a constant, the voltage across the inductor is: 

       =    -   = L 
   

  
      (2-6) 

   

  
   

       

 
     (2-7) 

 

The change in inductor current while the switch is open is: 
   

  
 =    

      
 =        

 
     (2-8) 

 

Therefore,     for the switch opened is: 

(   )opened = 
              

 
     (2-9) 
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2.4.3 Inductor Voltage and Inductor Current Waveforms 

 

Closed Open

DT T

Vs

VL

t

 

Figure 2.12: Boost converter inductor voltage [1]. 
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Figure 2.13: Boost converter inductor current [1]. 
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2.4.4 Determination of Minimum Inductor Value 

 

For steady-state operation, the net change in inductor current must be zero. Using 

Equations (2-5) and (2-9): 

     (   )closed + (   )opened = 0        (2-10) 

 
    

 
 +               

 
 = 0     (2-11) 

 

Therefore, the output voltage Vo is: 

     
  

     
       (2-12) 

 

The average current in the inductor is determined by recognizing that the average 

power supplied by the source must be the same as the average power absorbed by the load 

resistor. The output power Po is: 

     
  

 

 
            (2-13) 

and input power is      =     . By applying input and output powers with Equation (2-12), 

the average inductor current   can be expressed as: 

     = 
  

       
= 

  
 

   
= 

    

  
     (2-14) 

 

Maximum and minimum inductor currents are determined by using the average 

value and the change in current from Equation (2-5): 

      =     
   

 
 =   

       
 +     

  
   (2-15) 

       =     
   

 
 =   

       
 

    

  
   (2-16) 

 

Assume that the inductor current is continuous, meaning that it is always positive. 

The condition necessary for continuous inductor current is      to be positive.  

     =   = 
   

   
      (2-17) 
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The minimum combination of inductance and switching frequency for continuous 

current in the boost converter is 

       = 
        

  
     (2-18) 

 

Therefore, a boost converter designed for continuous-current operation will have an 

inductor value greater than     . Typical value of design inductor is ten times value of the 

minimum inductor,     . 

 

 

2.4.5 Diode Current and Capacitor Current Waveforms 

 

t
DT T
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Figure 2.14: Boost converter diode current [1]. 
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iC
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t

 
Figure 2.15: Boost converter capacitor current [1]. 

 

 

2.4.6 Determination of Output Voltage Ripple 

 

In practice, a finite capacitance will result in some fluctuation in output voltage, or 

ripple. The peak-to-peak output voltage ripple can be calculated from the capacitor current 

waveform as shown in Fig. 2.1.6. The change in capacitor charge can be calculated from:  

|  | = (
  

 
)DT = C       (2-19) 

 

An expression for ripple voltage is then: 
   

  
 =  

   
      (2-20) 

 

Expressing capacitance in terms of output voltage ripple yields 

C = 
 

       ⁄   
     (2-21) 
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2.5 PWM Control Techniques 

 

Pulse-width modulation (PWM) is a modulation technique that conforms the width 

of the pulse or the pulse duration [4]. Its main use is to allow the control of the power 

supplied to electrical devices. 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 pace. The 

longer the switch is ON compared to the OFF periods, the higher the power supplied to the 

load. The PWM switching frequency has to be much faster than what would affect the 

load. The term duty ratio describes the proportion of „on‟ time to the regular interval or 

„period‟ of time, A low duty ratio corresponds to low power because the power is OFF for 

most of the time.  

The main advantage of PWM is the power loss in the switching devices is very low. 

When a switch is OFF, there is practically no current. When a switch is ON, there is almost 

no voltage drop across the switch. Power loss, the product of voltage and current is close to 

zero. PWM also works well with digital controls. Because of their ON/OFF nature, PWM 

can easily set the needed digital controls. 

The common PWM control method is shown in Figure 2.16. This method takes a 

sample of the output voltage and subtracts this from a reference voltage to establish a small 

error signal, VERROR. This error signal is compared to an oscillator ramp signal. The 

comparator outputs PWM that operates the power switch. When the circuit output voltage 

changes, VERROR also changes and thus causes the comparator threshold to change. This 

duty ratio change then moves the output voltage to reduce the error signal to zero, thus 

completing the control loop. 

 

Figure 2.16: Varying error signal generates a pulse-width-modulated switch signal. 
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There are two methods for controlling the feedback loop and regulation 

characteristics of a switching DC-DC power converter that are Voltage Mode Control 

(VMC) and Current Mode Control (CMC) [16].  

 

 

2.5.1 Voltage Mode Control 
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Figure 2.17: Control circuit of the boost converter with VMC [16]. 

 

 The block diagram of a VMC boost converter is illustrated in Figure 2.17. The 

converter output voltage is monitored through a voltage divider. The voltage at feedback is 

compared to the reference voltage by the error amplifier to create an error current through 

the transconductance of the error amplifier. After going through the compensation 
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impedance, the error current is converted to control voltage and is connected to the Pulse 

Width Modulator (PWM) that drives the MOSFET. 

In voltage-mode control, this control voltage is compared with a saw tooth ramp. 

When the converter output voltage changes, the control voltage Vc also changes and thus 

causes the duty ratio of the power switch to change. The higher the error voltage, the 

longer is the duty cycle. This change of duty ratio adjusts the output voltage to reduce to 

error signal to zero [16]. The Control signal Vc, switch current and duty ratio waveforms 

are given in Figure 2.18. 

 

Control Signal Vc

Vramp

D

V

DT T
t

 
Figure 2.18: Switch current, control signal and duty ratio D of VMC [16]. 

 

The advantage of Voltage Mode Control is the output voltage is the control 

endpoint which is conceptually easier to understand than current mode control. Other than 

that, the sensing voltages are easy. Typically a resistor divider scales the output voltage to 

a value that is read by an ADC (Analog-to-Digital Converter), or is presented to an analog 

comparator. So, VMC is less noise, less power loss, less cost and more resolution than 

CMC. Lastly, the VMC only needs to monitor the output voltage so only one feedback is 

required, thus simplifying the design of the converter [17]. 
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The disadvantage of Voltage Mode Control is it does not provide cycle by cycle 

control current through the transistor. This lack makes transformer flux balancing more 

difficult. Next, the output voltage is measured on the output capacitor which makes quick 

detection of input voltage or output changes difficult. The two pole filter off in the 

feedback path further slows the system response to change [17]. 

 

 

2.5.2 Current Mode Control 

 

Another control scheme which has wide application in industry is Current Mode 

Control (CMC) in which the converter output voltage is controlled by the inductor current. 
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Figure 2.19: Control circuit of the boost converter with CMC [16]. 
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The structure of a boost converter with current mode control is illustrated in Figure 

2.19. The current feedback is the additional path which is different from the basic control 

block diagram of boost converter with voltage mode control. Rather than using a sawtooth 

ramp to control the duty ratio of the converter used in Voltage Control Mode, the current 

mode control regulates the peak of the inductor current with a control signal Vc. 

 At the beginning of the duty cycle DT, a clock pulse initiates the switching period, 

the MOSFET is turned on. While the transistor conducts, its current is equal to the inductor 

current which ramps up with a positive slope Vin/L. The switch current is measured and 

converted to a voltage using current sensor resistor. When the sum of the saw tooth ramp 

Vramp and sensed voltage are greater than the control voltage, the controller turns the 

transistor switch OFF, and the inductor current decreases till next switching cycle. The 

duty ratio of the PWM modulator is thus adjusted to provide the necessary load current at 

the desired output voltage [16]. The Switch current, control signal and duty ratio D of the 

CMC is illustrated in Figure 2.20. 
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Figure 2.20: Switch current, control signal and duty ratio D of the CMC [16]. 
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The advantage of CMC is it has faster output response than voltage mode because 

the current in the inductor is controlled instead of the output voltage which is measured on 

the output capacitor. Voltage mode is a two pole feedback loop while current mode is a 

one pole feedback loop. The single pole of a current mode control loop requires less high 

frequency roll-off to maintain loop stability. Besides, the inductor current responds directly 

with changes in input and output voltages. CMC provides better response to input and 

output voltage variations because the current changes are sensed directly. Lastly, CMC 

provides inherent current limiting on a cycle by cycle basis. Current limiting improves 

system reliability in response to current transients [17]. 

The disadvantage of CMC is it requires two feedback paths, increasing the system 

complexity and cost. Furthermore, the wide input voltage range creates design issues 

because large variations in PWM duty ratios are required, and exceeding 50% duty ratio 

introduces issues compensation. The slope compensation decreases the peak current limit 

as the duty ratio increases. The reduction in peak currents is designed to maintain the same 

average currents with increasing duty cycles. Last but not least, output current loads that 

vary over large ranges are also difficult for CMC to handle because the light load results in 

very small current measurement signals. The current measurement signals become buried 

in the noise [17]. 

 

 

2.6 MOSFET Gate Driver 

 

 Metal-Oxide-Semiconductor Field-Effect-Transistor (MOSFET) is a voltage 

controlled device. It is used to amplify or switch the electronic signal. The characteristic of 

the MOSFETs is shown in Figure 2.21. Power MOSFET is the enhancement type device 

compares to other types. The device will turn on if given the sufficient large voltage. The 

small voltage will across between drain region and source region. The advantage of this 

type of MOSFET is it will rapid sourcing and draining current due to the high speed 

switching. MOSFET also can operate up to 100 kHz range. A gate driver is used to amplify 

the PWM output voltage. The PWM will indicate the capability of speed switching. 
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Figure 2.21: I-V MOSFET characteristics. 

 

Figure 2.22: N-Channel Power MOSFET symbol. 
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2.7 Related Previous Works 

 

 Kapat et al. [11] stated that new formulation of a PID controller is introduced to 

replace the output voltage derivative with information about the capacitor current, thus 

reducing noise injection. This formulation preserves the fundamental principle of a PID 

controller and incorporates a load current feed-forward as well as inductor current 

dynamics. The proposed formulation preserves the basic principle of a PID controller and 

formulation of a conventional PID controller is introduced to replace the output voltage 

derivative with information about the capacitor current, thus reducing noise injection. 

However, the derivative gain never changes even at switching transition. Therefore, 

impulse noise injection due the derivative term of a conventional PID control is avoided 

using the proposed PID formulation. 

 Next, Libau [12] points about DC-DC boost converter and Hybrid Posicast 

controller were developed and simulated using MATLAB Simulink software. DC-DC 

boost converter has a very high overshoot and a very high settling time which produce 

oscillated output response. Hybrid Posicast controller is used in order to regulate the output 

voltage to a desire value. Hybrid Posicast controller operated within the feedback loop of 

the system. This DC-DC boost converter using Posicast Controller has an excellent 

performance to overcome unregulated input voltage, eliminate overshoot and minimize the 

settling time. But, the transfer function of DC-DC Boost Converter needed to derive using 

Control System elements and lots of calculation need to carry out to obtain the results. 

 Other than that, Aripin [5] proposed a technique for designing the controller of 

boost converter. From this technique, a simple converter‟s transfer function is obtained to 

be used in controller design. The designed controller should provide a good line and load 

regulation toward closed-loop converter. The advantage of this technique is the modeling 

and simulation of boost converter is executed using applications such as Simulink 

MATLAB and OrCAD. The weak point of this technique is the analysis of boost converter 

only focuses on closed-loop circuit by applying averaging and linearization technique to 

determine the transfer function. 
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Lastly, Hasaneen et al. [6] described a design and simulation of DC/DC boost 

converter. The equations of boost converter are analyzes and the design components and 

simulation of boost converter are proposed. The work is applied to photovoltaic system for 

tracking the point of maximum point. The design and simulation of DC/DC boost 

converter is done to operate in PV system. The parameters been proposed for all operating 

condition. However, the system has a nonlinear dynamic behavior as it works in switch-

mode. It is exposed to significant variations which may take this system away from 

nominal conditions, due to changes on the load or on the line voltage at the input. 
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CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1 Introduction 

 

This chapter review the procedures needed to be executed in order to achieve the 

objectives of the project. The design procedures of simulation and hardware 

implementation are discussed.  

 

 

3.2 Project Methodology 

 

 Upon the completion of this project, several processes had been designed according 

to the sequence. All the procedures conducted throughout the project are discussed in detail 

with the help of flowchart, milestone and Gantt chart. 
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3.2.1 Flowchart 

 

Yes

START

Stage 1: Literature Review.

Stage 2: Study the design process of 

boost converter.

Stage 3:  Design and analyse about the 

boost converter.

Stage 5: Design the circuit for the hardware 

implementation. 

Stage 6: Assemble the hardware and test the 

circuit in the laborartory.

END

Stage 7: Analyse the data collected from 

hardware and draw the conclusion.

Stage 4:  Simulate the design converter 

using MATLAB Simulink.

 

         Figure 3.1: Operation flowchart. 
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Figure 3.1 shows the process sequence conducted upon completion of this project 

based on the flowchart design. The literature reviews on boost converter was conducted on 

the first semester by gathering all the detailed information from journals, books and 

internet. Next, the simulations using MATLAB Simulink are carried out to verify the 

calculated components using the formulae stated in Chapter 2. The boost converter must be 

in CCM operation. After that, the hardware of the boost converter was designed using 

OrCAD software to get the PCB layout. The designed circuit is assembled on the PCB. 

The hardware is firstly tested to check whether the circuit is functioning or not. If the 

circuit is not functioning, the troubleshooting process is done to solve the problem. 

Furthermore, the PWM was tested on Arduino Uno. The step continued with the hardware 

implementation and some data analysis on the hardware. The last step is drawing the 

conclusion based on the progress of the project. 

 

 

3.2.2 Milestones 

 

The methodology is divided into several important phases to systemize the 

operation sequence. 

Phase 1: Detailed study about DC-DC boost converter. 

1) Study the concept of boost converter. 

2) Study the effect of Pulse Width Modulation (PWM) switching method to operate 

on boost converter. 

Phase 2: Simulate the feedback loop of DC-DC boost converter. 

1) Design the open-loop and closed-loop systems for boost converter. 

2) Analyse the data from the simulation results. 

Phase 3: Gather and collect the data based on the requirements. 

1) Collect the data obtained from the simulation of MATLAB Simulink. 

2) Collect the data obtained from the hardware of boost converter.  

3) Gantt chart of project. 
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4) Milestone and date. 

Milestone 1: Finding and researching on DC-DC boost converter. 

Milestone 2: Simulating the DC-DC boost converter schemes. 

Milestone 3: Analyzing the data from the simulation results. 

Milestone 4: Implementations of DC-DC boost converter hardware. 

Milestone 5: Validating the data obtained from hardware testing. 

Milestone 6: Writing report. 
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3.2.3 Gantt Chart 

Table 3.1: Gantt chart of project methodology. 

 

 

 

Milestone 
Year 2013 2014 

Task 9 10 11 12 1 2 3 4 5 

1 

Milestone 1: 

Finding and researching on DC-DC boost 

converter. 

         

2 

Milestone 2: 

Simulating the DC-DC boost converter 

schemes. 

         

3 

Milestone 3: 

Analyzing the data from the simulation 

results. 

         

4 

Milestone 4: 

Implementations of DC-DC boost 

converter hardware. 

         

5 

Milestone 5: 

Validating the data obtained from 

hardware testing. 

         

6 
Milestone 6: 

Writing report. 
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Table 3.1 shows the chart of activities conducted according to the month upon 

completion of this research. The research starts on September 2013. For the first three 

months, the project is focused on the research of DC-DC boost converter that consists of its 

topologies and control schemes. Two months are provided to conduct the simulation of 

both open-loop and closed-loop boost converters. At the same time, the results from the 

simulation process are validated. After the simulations are completed, the hardware is 

implemented and the time allocated for this process is approximately four months. Next, 

three months duration times are used to do the analysis on data obtained during simulations 

and hardware design. The report writing is proceeding throughout the project duration 

process. 

 

 

3.3 Feedback Loop Technique Used 

 

There are two major feedback loop schemes in DC-DC boost converter system. In 

this project, MATLAB Simulink model is used for the analysis of DC-DC boost converter 

using open-loop and closed-loop control schemes. The boost converter involves the 

switching converter that operates by periodically opening and closing an electronic switch. 

 Next, the simulation of control schemes of DC-DC boost converter will be 

compared. All the data obtained from the simulation results been analyzed to estimate the 

performance analysis. The important parameters are shown to study the difference of 

performance between open-loop control system and closed-loop control system. 

 Lastly, the finalized values of parameters will be implemented in hardware design. 

The hardware consists of open-loop and closed-loop systems for variable PWM controller. 

This variable PWM controller applies Arduino programming in the circuit. 
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3.4 Designed Parameter System Results 

 

 This section will discuss about the design parameter system involving the 

calculation and MATLAB simulation block diagram. 

 

 

3.4.1 Calculation Analysis 

 

The values of parameter for DC-DC boost converter by using both open-loop and 

closed-loop control systems are calculated. The parameters of the designed DC-DC boost 

converter circuit are shown in Table 3.2. 

Table 3.2: The parameters of DC-DC boost converter. 

Input voltage, Vs 5 V – 8 V 

Output voltage, Vo 24V 

Rated output power, P 100 W 

Output voltage ripple,     ⁄  Less than 0.2 % 

Switching frequency, ƒ 50 kHz 

 

For Vs = 5 V; 

First, find the value of duty ratio D from Equation (2-3), 

Vo = 
  

     
    => D = 1    

  
 = 1 –      

      
 = 0.79  

Next, determine the inductance value, L from Equation (2-8), 

     = 
        

  
= 

                 

         
 = 26    

For Continuous Current Mode (CCM), the inductance value must be at least 25 % larger 

than minimum inductance,     . Therefore; 
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 1.25    = 1.25(26     = 33    

The inductance chosen for the circuit is 100     

Assume the circuit is in Continuous Conduction Mode (CCM). 

By using Equations (2.5), (2.6) and (2.7), 

  =   

       
  =      

                
 = 1.51 A 

     =   

       
 

    

  
=      

                
 

                    ⁄

         
  = 1.91 A 

    =   

       
 

    

  
=      

                
 

                    ⁄

         
 = 1.11 A 

Therefore, the minimum capacitance required to limit the output ripple voltage to 0.2 

percent is determined from Equation (2-20) and Equation (2-21), 

C =  

       ⁄   
 =       

                      
 = 105    

The capacitance chosen for the circuit is 100   . 
   

  
 =  

   
 =     

                      
 = 0.002 @ 0.2 % (appropriate value) 

 

 

For Vs = 8 V; 

First, find the value of duty ratio D from Equation (2-3), 

Vo = 
  

     
    => D = 1    

  
 = 1 –      

      
 = 0.67  

Next, determine the inductance value, L from Equation (2-8), 

     = 
        

  
= 

                 

         
 ≈ 55    

For Continuous Current Mode (CCM), the inductance value must be at least 25 % larger 

than minimum inductance,     . Therefore; 
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 1.25    = 1.25(55     = 69    

The inductance chosen for the circuit is 100     

Assume the circuit is in Continuous Conduction Mode (CCM). 

By using Equations (2.5), (2.6) and (2.7), 

  =   

       
  =      

                
 = 0.98 A 

     =   

       
 

    

  
=      

                
 

                    ⁄

         
  = 1.52 A 

    =   

       
 

    

  
=      

                
 

                    ⁄

         
   = 0.44 A 

Therefore, the minimum capacitance required to limit the output ripple voltage to 0.2 

percent is determined from Equation (2-20) and Equation (2-21), 

C =  

       ⁄   
 =       

                      
 = 89    

The capacitance chosen for the circuit is 100   . 
   

  
 =  

   
 =     

                      
 ≈ 0.002 @ 0.2 % (appropriate value) 

 

 

3.4.2 MATLAB Simulink Block Diagram 

 

The block diagrams of the DC-DC boost converter by using open-loop and closed-

loop control schemes are designed.  
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3.4.2.1 Open-loop Boost Converter 

 

 The simulation of open-loop boost converter is divided into 2 separate operating 

voltages that are Vs = 5 V and Vs = 8 V respectively. 

1) Simulation of Open-loop with Vs = 5 V. 

Table 3.3: Parameters for simulation of open-loop boost converter with Vs = 5 V. 

Input voltage, Vs 5 V 

Output voltage, Vo 24 V 

Load resistance, R 75 Ω 

Duty ratio, D 0.79 

Switching frequency, ƒ 50 kHz 

Inductor, L 100  H 

Capacitor, C 100  F 

 

 

Figure 3.2: Block diagram of open-loop boost converter with Vs = 5 V. 
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2) Simulation of Open-loop with Vs = 8 V. 

Table 3.4: Parameters for simulation of open-loop boost converter with Vs = 8 V. 

Input voltage, Vs 8 V 

Output voltage, Vo 24 V 

Load resistance, R 75 Ω 

Duty ratio, D 0.67 

Switching frequency, ƒ 50 kHz 

Inductor, L 100  H 

Capacitor, C 100  F 

 

 

Figure 3.3: Block diagram of open-loop boost converter with Vs = 8 V. 
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3.4.2.2 Closed-loop Boost Converter 

 

The simulation of closed-loop boost converter is divided into 2 separate operating 

voltages that are Vs = 5 V and Vs = 8 V respectively. 

 

1) Simulation of Closed-loop with Vs = 5 V. 

Table 3.5: Parameters for simulation of closed-loop boost converter with Vs = 5 V. 

Input voltage, Vs 5 V 

Output voltage, Vo 24 V 

Load resistance, R 75 Ω 

Switching frequency, ƒ 50 kHz 

Inductor, L 100  H 

Capacitor, C 100  F 

 

 

Figure 3.4: Block diagram of closed-loop boost converter with Vs = 5 V. 
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2) Simulation of Closed-loop with Vs = 8 V. 

Table 3.6: Parameters for simulation of closed-loop boost converter with Vs = 8 V. 

Input voltage, Vs 8 V 

Output voltage, Vo 24 V 

Load resistance, R 75 Ω 

Switching frequency, ƒ 50 kHz 

Inductor, L 100  H 

Capacitor, C 100  F 

 

 

Figure 3.5: Block diagram of closed-loop boost converter with Vs = 8 V. 

 

 

3.5 Hardware Implementation 

 

 The specifications of DC-DC boost converter are briefly described in terms of the 

parameters, the major components existed in the circuit and hardware designs according to 

PWM controller mechanisms under open-loop and closed-loop control system. 

 

 

 

Continuous

powergui

v
+
-

Vdc

Scope

Resistor

24

Reference voltage 

d c

PWM Block

PID

g D
S

MOSFET

Inductor

1
Gain

Duty Ratio

Diode

i
+

-

Capacitor

B

« r-ntriT1-,

iL
T T

*4
o

' Nn
(

o=
=DTa

L-A* =o =u,
UNIVERSITI TEKNIKAL MALAYSIA MELAKA



41 
 

3.5.1 Hardware Specifications 

 

Table 3.7: The specifications of boost converter. 

Input voltage 5 V ~ 8 V 

Output voltage 24 V 

Rated output power 100 Watts 

Output voltage ripple less than 0.2 % 

Switching frequency 50 kHz 

Conduction Mode Continuous Conduction Mode (CCM) at 100 W and above. 

 

Table 3.8: Major components for the power stage. 

DC-DC converter IQ0515SA 

MOSFET IRF510 

DIODE MUR415 

Inductor 100    

Capacitor 100    

 

Table 3.9: Major components for PWM control and driving circuit. 

PWM controller Arduino Uno 

MOSFET driver HCPL-3120-000E 

 

 

3.6 Hardware Design of Boost Converter 

 

Figure 3.6 shows the boost converter circuit designed in OrCAD software. The 

input voltage source is 5 V to 8 V by adjusting the duty ratio value and the expected output 

voltage source is about 24 V. If the duty ratio is at 50 %, the magnitude of the output 

voltage will be two times the value of input voltage. Higher duty ratio increases the output 
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voltage and vice versa. MUR415 fast recovery diode is practiced on the circuit, while the 

IRF510, N-Channel Power MOSFET is used for the switching process which easily 

available in the market. The load used is 75 Ω, designed inductor is 100 μH and the 

capacitor is 100 μF. Some of these components are available in the electronic shops or 

through online transaction. 

The schematic circuit of boost converter is shown as Figure 3.6 while the hardware 

implementation is shown as Figure 3.7. The value of the designed circuit is tabulated in 

Table 3.10. 

 

Figure 3.6: Boost converter hardware circuit. 

 

Table 3.10: The specifications of boost converter. 

Input voltage, VS 5 V – 8 V 

Load resistor, R 75 Ω, 3 W 

Inductor, L 100 μH 

Capacitor, C 100 μF 
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Figure 3.7: Classification of parts in boost converter hardware circuit. 

 

 

3.7 Printed Circuit Board (PCB) 

 

 Several steps are crucial of designing the PCB circuit before testing, 

troubleshooting and taking the data analysis. By using OrCAD Capture and OrCAD 

Layout software, the basic procedures are stated as follows [18]. Firstly, the OrCAD 

Capture software is opened and a PCB project is set up using the PCB wizard. A circuit 

schematic is made using OrCAD Capture. Next, OrCAD Capture is used to generate a 

Layout netlist and it is saved as .MNL file for Layout. After that, the OrCAD Layout is 

started and a PCB technology template (.TCH file) is selected.  

The Layout project is saved as a .MAX project file. The Layout is used to import 

the .MNL netlist into .MAX file as shown in Figure 3.8. A board outline and position of 

the component parts within the board outline are made. Lastly, the postprocessor is 

simulated to generate files used to manufacture the PCB. The file is saved in PDF format 

as shown in Figure 3.9. All the blueprint PDF file used to design PCB circuit for boost 

converter can be referred in Appendix E. 
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Figure 3.8: Example .MAX file for boost converter. 

 

 

Figure 3.9: Board outline in PDF format. 

 

The next procedure is to produce the PCB hardware circuit. Firstly, the circuit 

layout is printed out by using laser jet printer. Next, the UV board is cut according to the 

circuit layout size. The printed tracing paper is patched on the UV board and an 

appropriate method is applied to display the circuit on the board. The UV board is etched 

to remove and create the copper track. The step is continued by making the holes on each 

pin by using grinder. Lastly, the components are soldered on to its specified slots. The 

L 1

11 ! MPEE 3 00 3UT PUT

J 3 J 3 NT IT =jf

R ]

/ Y E E / G A T E

D ]

R 2 R ] D 1

C l,

C l

1 Q 0 5 1 5 5 A

JUNPER 200 JUMPER 20G JUMPER 20G JUMPER 200
R R MUR 4 JC C

mesbr l/l IuTr1 er l2

wa
I \



45 
 

components are made sure to touch the track properly by using multimeter for continuity 

test. 

 

 

Figure 3.10: Example of PCB board after etching process and grinding hole. 

 

 

3.8 Pulse Width Modulation Circuit (PWM) 

 

 The main component of this PWM circuit is Arduino. By applying different coding 

programming, the PWM can be adjusted manually or automatically. Open-loop PWM will 

apply manual coding mean while closed-loop PWM will use automatic coding. The duty 

ratio in open-loop circuit is manually tuned and the closed-loop circuit is automatically 

tuned by the feedback circuit. Since the generated switching frequency is set to be 50 kHz, 

the coding is produced based on this requirement. This coding can be referred in Appendix 

F. 

 

 

oUwIK511HI
Ife.* f

I

M-AYS/„

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



46 
 

Figure 3.11: Arduino circuit. 

 

 

3.9 Gate Driver Circuit 

 

 The gate driver circuit is implemented in this project in order to increase the 

voltage pulse to be sent to the MOSFET. The main function of this gate driver, HCPL-

3120-000E is to drive the MOSFET. Figure 3.12 shows the schematic circuit for the gate 

driver and the hardware is shown in Figure 3.13. The datasheet of HCPL-3120-000E IC 

can be referred in Appendix D. 
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Figure 3.12: Gate driver circuit. 

 

 

Figure 3.13: Gate driver hardware circuit. 
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3.10 Description of the Major Components 

 

 All the major components in the hardware circuits such as (Integrated Circuit) IC‟s 

and semiconductors are briefly described. These components are including MUR415, 

HCPL-3120-000E, IRF510 and IQO515SA. 

 

 

3.10.1 HCPL-3120-000E MOSFET Driver 

 

In this project, HCPL-3120-000E acts as Metal-Oxide-Semiconductor Field-Effect 

Transistor (MOSFET) driver. It is known as amp output current Insulated-Gate Bipolar 

Transistor (IGBT) Gate Drive Optocoupler. These optocouplers are suited for driving 

power MOSFET applications. The high operating voltage range of the output stage 

provides the drive voltages required by gate controlled devices. The voltage and current 

supplied by HCPL-3120-000E make them suited for directly driving MOSFET. 

 

 

3.10.2 MUR415 Diode 

 

MUR415 is a switch mode power rectifier. This device is designed for the use in 

switching power supplies, inverters and as freewheeling diodes. MUR415 can provide a 

low forward voltage and high reverse voltage. It is ideally suited in this project due to low 

leakage current during operation process thus; the power loss can be reduced. 
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3.10.3 IRF510 MOSFET 

 

 IRF510 is N-Channel enhancement mode Power MOSFET which is an advanced 

power MOSFET designed, tested and guaranteed to withstand a specified level of energy 

in the breakdown avalanche mode of operation. Other than that, IRF510 is available for 

applications such as switching regulators, motor drives and switching converters. So, the 

output of this project can be achieved accurately. 

 

 

3.10.4 IQ0515SA DC-DC Converter 

 

IQ0515SA is a device that provides the voltage isolation for the power supply. It 

regulates the output voltage. Since electronic circuit contains several sub-circuits, their 

own voltage levels are different. Furthermore, the battery voltage decreases as its power 

been used by the circuit. Therefore, IQ0515SA provide a solution to increase the voltage 

from a low battery voltage thus, saving space instead of using multiple batteries to 

accomplish the same thing. 
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CHAPTER 4 

 

 

RESULTS AND DISCUSSION 

 

 

4.1 Introduction 

 

 Chapter 3 shows the simulation of DC-DC boost converter by using open-loop and 

closed-loop control schemes. Besides, the hardware design also been introduced. This 

chapter will discuss the simulation results for both control schemes of DC-DC boost 

converter. Other than that, the results of the hardware project also been discussed. The 

results are recorded based on PCB; the hardware implementation. The recorded data 

obtained are in waveform shape from oscilloscope.  

 

 

4.2 Simulation Results 

 

This section describes the simulation results of the DC-DC boost converter on 

open-loop and closed control systems. 
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4.2.1 Open-loop Boost Converter 

 

These sections display the simulation results of open-loop and closed-loop control 

in the form of waveforms. 

 

 

4.2.1.1 Simulation Result of Open-loop with Vs = 5 V. 

 

The simulation of open-loop boost converter is designed to verify the response of 

the converter. The voltage input is 5 V step up to 24 V for the voltage output. The DC-DC 

converter has been simulated under CCM operating condition and the parameters involved 

are Vs = 5 V, Vo = 24 V, R = 75 Ω, D = 0.79, ƒ = 50 kHz, L = 100  H and C = 100  F. The 

output voltage, Vo and the output current, Io are generated as shown in Figure 4.1. The 

PWM controller signal is displayed in Figure 4.2 is used to control the ON and OFF of the 

switches.  

 

 

Figure 4.1: Output current and output voltage waveforms. 
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Figure 4.2: 79% duty ratio of PWM block diagram signals. 

 

 

4.2.1.2 Simulation Result of Open-loop with Vs = 8 V. 

 

The simulation of open-loop boost converter is designed to verify the response of 

the converter. The voltage input is 8 V step up to 24 V for the voltage output. The DC-DC 

converter has been simulated under CCM operating condition and the parameters involved 

are Vs = 8 V, Vo = 24 V, R = 75 Ω, D = 0.67, ƒ = 50 kHz, L = 100  H and C = 100  F. The 

output voltage, Vo and the output current, Io are generated as shown in Figure 4.3. The 

PWM controller signal is displayed in Figure 4.4 is used to control the ON and OFF of the 

switches.  
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Figure 4.3: Output current and output voltage waveforms. 

 

 

Figure 4.4: 67% duty ratio of PWM block diagram signals. 

 

 

4.2.2 Closed-loop Boost Converter 

 

These sections display the simulation results of open-loop control in the form of 

waveforms. 
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4.2.2.1 Simulation Result of Closed-loop with Vs = 5 V. 

 

The simulation of closed-loop boost converter is designed to verify the response of 

the converter. The voltage input is 5 V step up to 24 V for the voltage output. The DC-DC 

converter has been simulated under CCM operating condition and the parameters involved 

are Vs = 5 V, Vo = 24 V, R = 75 Ω, ƒ = 50 kHz, L = 100  H and C = 100  F. The output 

voltage, Vo and the output current, Io are generated as shown in Figure 4.5. The duty ratio 

feedback of the converter is generated in Figure 4.6. 

 

Figure 4.5: Output current and output voltage waveforms. 

 

 

Figure 4.6: Duty ratio of PWM block diagram signals. 
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4.2.2.2 Simulation Result of Closed-loop with Vs = 8 V. 

 

The simulation of closed-loop boost converter is designed to verify the response of 

the converter. The voltage input is 8 V step up to 24 V for the voltage output. The DC-DC 

converter has been simulated under CCM operating condition and the parameters involved 

are Vs = 8 V, Vo = 24 V, R = 75 Ω, ƒ = 50 kHz, L = 100  H and C = 100  F. The output 

voltage, Vo and the output current, Io are generated as shown in Figure 4.7. The duty ratio 

feedback of the converter is generated in Figure 4.8. 

 

Figure 4.7: Output current and output voltage waveforms. 

 

 

Figure 4.8: Duty ratio of PWM block diagram signals. 
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4.3 Experimental Results 

 

 The boost converter hardware has been tested to obtain the experimental results. 

The PWM circuit plays the important role in the overall boost converter. The main 

function of PWM circuit is to generate the duty ratio for the boost converter so that the 

targeted output voltage can be obtained. PWM is the effective way to control the circuit 

and the system. 

 

 

4.3.1 Output from Boost Converter with PWM Circuit Result 

 

 The output voltage depends on the duty ratio and the voltage source. The PWM 

circuit is supplied with 9 V to 12 V input voltage, meanwhile gate driver circuit was 

supplied with 15 V input voltage. When the boost circuit is set to 5 V, the duty ratio from 

theoretical value that is 0.79 is injected into 50 kHz switching frequency. The PWM 

waveform is displayed in Figure 4.9. 

 

Figure 4.9: The output of the Pulse Width Modulation for D = 0.79. 
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When the boost circuit is set to 8 V, the duty ratio from theoretical value that is 

0.67 is injected into 50 kHz switching frequency. The PWM waveform is displayed in 

Figure 4.10. 

 

Figure 4.10: The output of the Pulse Width Modulation for D = 0.67. 
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Figure 4.11: The output voltage generated from the circuit when VS = 5 V. 

 

Figure 4.12: The output voltage generated from the circuit when VS = 8 V. 

 

 

 

G msTEK V -J T 0.000s RutoQ j" |_ Measure
-W

Vpp
1: 32.0U
2: chan off

VdVy
. . . . . 1: 21.0U. . . . . ?: r.h n off

Frequency
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 + 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l'1: 57.22MHz

. . . . . 2: chan off

Duty Cycle
1: 52.41?;
2: chan off

. . . . .
Rise Time
1: ?
2: chan off

m 500ns EDGE JFDC
a 50mU O <2Hz rsol

GiiinsTEK V + T 0.000s Trigtl# Measure
' '

Vpp
1: 14.8U
2: chan off

yW®

V-lf £

* ;

Vavg
1: 22.0U
2: chan off

Frequency

1 E H * L.l x 1 L
1: 52.09MHz
2: chan off

Duty Cycle
1: 53.32
2: chan off

Rise Time
1: ?
2: chan off

\
\
\

rsol
10U

a 50[ilU
CD lus OC EDGE JFDC

Q 323.850kHz



59 
 4.4 

E
fficiency 

 

Efficiency (
 

 
 

 

 
  

) is m
easured on control loop design of boost converter. O

pen-

loop control is selected due to the m
anual adjust of sw

itching frequency w
hich is easy and 

sim
ple. The open-loop boost converter is tested by using V

S  = 5 V
 and V

S  = 8 V
. The data 

collected are show
n in Table 4.1 and Table 4.2 respectively. The graphs in Figure 4.13 and 

Figure 4.14 indicate the efficiency of boost converter w
ith the pow

er variation of load. The 

sw
itching losses and conduction losses play the im

portant roles to affect the efficiency of 

the boost converter.   

 

T
able 4.1: T

he open-loop control data for V
S  = 5 V
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Figure 4.13: T
he efficiency versus pow
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hen V
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From
 Table 4.1 and Figure 4.13, the boost converter is able to be efficient w

ith the 

load variation. The efficiency of the hardw
are is w

ithin 94 %
 w

hich is close to 100 %
. The 

values of input voltage, V
in  are different from

 the output voltage, V
o

u
t . B

ut the input pow
er, 

P
in  and output pow

er, P
o

u
t  are quite sim

ilar. The currents in both input and output term
inals 

are fundam
ental to m

ake the boost converter becom
e efficient.  

 

T
able 4.2: T

he open-loop control data for V
S  = 8 V

 . 

P
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V
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P
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(m
W

 ) 

P
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W

 ) 
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Figure 4.14: T
he efficiency versus pow

er w
hen V

S  = 8 V
. 
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in the boost converter is not stable compare to the testing of 5 V due to high currents in 

both input and output terminals.  
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CHAPTER 5 

 

 

CONCLUSION 

 

 

5.1 Introduction 

 

 This chapter will highlight the problems encountered throughout the project 

duration. Several improvement and suggestions are also stated for future works. 

 

 

5.2 Conclusion 

 

In this project, a boost converter is designed, developed and implemented for open-

loop system and closed-loop system. The converter topology is selected after doing several 

calculations and estimations of various parameters. The open-loop and closed-loop system 

of converter is presented. The designed circuit is modelled and simulated using Simulink 

MATLAB. The simulation results of these systems are compared with the hardware 

implementation. The closed-loop system can provide constant output voltage without the 

effect of disturbance. It was observed that the closed-loop boost converter system has the 

advantages of stable output voltage, low ripple content and better efficiency compared to 

open loop system. The simulation results confirmed that the closed-loop boost converter 

gives better performance than the open loop boost converter. Besides that, the closed-loop 
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boost converter proved to work efficiently even with the changes of load introduced to the 

system. The results show that the effect of boost converter is almost 100 % when tested 

with load variation. 

 

 

5.3 Recommendation 

 

 Some recommendations to improve in future are designing the PCB layout properly 

and making sure the connection is correct before printing the layout in order to avoid 

wasting time of doing another circuit design. Other than that, use the right equipment for 

testing during troubleshooting and give off the accurate data readings. So, the results 

obtained during the analysis will be more precise. 
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CODING FOR 67 % DUTY RATIO OF PWM 

CODING FOR 79% DUTY RATIO OF PWM 

 

@ sketch_may29a | Arduino 1.0,5-r2

File Edit Sketch Tools Help

OO HE3K3
sketch_may29a §

void seti®()
{
Timerl.initialize(20);
Timed.pwm(9, 686);

}

void loop()

<

>

// initialize timed, and set a 20 microsecond period

U setup pwm on pin 9, 67% duty cycle

=

Arduino Uno on COM7

- -ts ,
sketch_may29a | Arduino 1.0.5-r2 1

'.t. i . > A 1

File Edit Sketch Tool:- Help

VT XTTTT*® o

sketch rnay ya §

void setup()
{
Timerl.initialize(20);
Timed.pwm(9, 809);

)

void loop()
{

>

// initialize timerl, and set a 20 microsecond period

// 3etup pwm on pin 9, 79 duty cycle

=

6 Arduino Uno on COM7




