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ABSTRACT 

 
 

 

The main objective of the project is to provide a regulated output voltage of 

the buck converter using closed-loop voltage-mode control method. This project 

involves in designing the buck regulator circuit, simulating the circuit using PSpice 

software and the hardware construction of the real converter circuit. It is essential to 

design and simulate the circuit first before constructing the real circuit so that the 

expected waveform and performance of the circuit can be predicted. The softwares 

used in this projects are PSpice, MATLAB and Protel DXP 2004. The compensator 

is designed by modifying the frequency response of the open-loop buck converter 

circuit obtained from the simulation in PSpice. The real circuit of the power stage, 

controller and compensator are constructed on the (Printed circuit board) PCB and 

the circuits are tested to confirm the result with the theoretical predictions.  
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ABSTRAK 

 
 

 

Objektif utama projek ini adalah untuk menyediakan voltan keluaran teratur 

pengatur buck dengan menggunakan kaedah mod kawalan-voltan gelung tertutup 

untuk mengawal penukar buck. Projek ini melibatkan  rekabentuk litar penukar buck 

serta simulasi litar menggunakan perisian PSpice. Pembinaan perkakasan litar 

penukar yang sebenar telah dihasilkan bagi mengesahkan hasil simulasi. Adalah 

penting untuk mereka dan melakukan simulasi terhadap litar terlebih dahulu sebelum 

membina litar sebenar untuk menjangka gelombang yang dikehendaki dan prestasi 

litar tersebut. Perisian yang digunakan di dalam projek ini adalah PSpice, MATLAB 

dan Protel DXP 2004. Pemampas direka dengan mengubah sambutan frekuensi litar 

penukar buck yang diperolehi daripada simulasi di dalam PSpice. Litar sebenar kuasa, 

pengawal dan pemampas dibina di atas (Printed circuit board) PCB dan telah diuji 

bagi mengesahkan keputusan teori. 
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CHAPTER 1 

 
 
 
 

INTRODUCTION 
 

1.0 Introduction  

 

This chapter describes the project background, objectives, scopes, and the 

summary of the thesis. In the project background, it briefs the description of the buck 

converter and the voltage-mode controller as well as the objectives and the scopes. 

Lastly, outline of this thesis is given in this chapter. 

 

1.1 Project Background 

 
 

Direct current to direct current (DC-DC) converters are power electronics 

circuits that converts direct current (DC) voltage input from one level to another . 

DC-DC converters are also known as switching converters, switching power supplies 

or switches. DC-DC converters are important in portable device such as cellular 

phones and laptops. 

 

 

Why do we need DC-DC converter? For example, when we want to use a 

device with low voltage level, if we connected the device such as laptop or charger 

directly to the rectified supplied from the socket at home, the device might not 

functioning properly or it might be broken due to overcurrent or overvoltage. 

Therefore to avoid unnecessary damage to the equipments and devices, we would 
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need to convert the voltage level to suitable voltage level for the equipments to 

function properly. In this project, the configuration of DC-DC converter chosen for 

study was buck configuration. Buck converter converts the DC supply voltage to a 

lower DC output voltage level. The buck converter is suitable for low power 

application due to the low voltage level at the output. 

 
 

The control method chosen to maintain the output voltage from the buck 

converter was voltage-mode control. Voltage-mode control technique compares the 

actual output voltage with the reference voltage. The difference between both 

voltages will drive the control element to adjust the output voltage to a fix voltage 

level. This is called as voltage regulation. Voltage regulation is very important in 

electronic circuit to ensure the load or the connected device can operate properly and 

to avoid damage to the equipment from overvoltage and overcurrent. 

 
 
 
 
1.2 Project Objectives 

 
 

The main objective of this project is to design a buck converter to convert the 

input DC voltage to lower DC output voltage level for low power applications to 

solve the problem of voltage regulation and high power loss of the linear regulator 

circuit. The converter uses switching scheme operates the switches such as MOSFET 

in cut-off and saturation region to reduce power loss across the transistor or switch. 

The output voltage level is then regulated by the voltage-mode control circuit to a 

desired output voltage level as in the design specification. 

 

1.3 Project Scopes 

 

The scopes of this project are: 

 
 

i. Study the operation of buck converter. 
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ii. Study the operation of voltage-mode control circuit. 

iii. Simulation of buck converter and controller circuit using PSpice, 

Protel DXP 2004 and MATLAB softwares. 

iv. Simulation of buck converter frequency response using PSpice 

software. 

v. Design the buck converter power stage circuit. 

vi. Design the controller and compensator circuit. 

vii. Testing and calibration of the completed buck converter to confirm 

the actual response with the theoretical predictions. 

 
 

The design specification is based on low power applications. For instance, 

laptop battery charger, handphone charger and etc. The circuit is simulated by using 

PSpice software to  obtain the desired power stage response. 

 
 

Table 1.1 below shows the buck regulator design specifications. Equation 1-1 

is used to calculate the capacitor’s internal series resistance. 

 
 

O

O

I
V

ESR
Δ
Δ

=  
(1-1)

 
Topology Non-isolated buck converter 

Minimum inductance (Lmin) Hμ93  

Frequency (f) 50 kHz 

Minimum capacitance (Cmin) Fμ30  

Output voltage (Vo) 7.5 V 

Output current (Io) 0 to 3 A 

Output voltage ripple (ΔVo) mV50±  

Output current ripple (Δ Io) A6.0±  (1%) 

Equivalent series resistance (ESR) 
Ω= m

A
mV 83
6.0

50  

DC input voltage (Vin or Vs) 9 V to 12 V, nominal = 10 V 

Switch selection IRF9540 metal-oxide-semiconductor 

field-effect transistor (MOSFET) 

Table 1.1: Design specification of buck converter power stage. 
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Minimum inductance is required to maintain inductor current in continuous 

conduction mode (CCM). Therefore, the value of selected inductance should be 

higher than Lmin. The frequency is selected to minimize switching loss in the circuit. 

The output voltage is chosen based on the required voltage for handphone charger 

application and the value of capacitance was selected to have an output voltage ripple 

of 50± mV. 

 

Load current (Io), duty cycle (D) and input voltage (Vin)values were chosen 

within the range that will maintain the output voltage regulated at 7.5 V. Switching 

device, IRF9540 MOSFET was selected for its capability of handling high switching 

frequency. Since the regulator is used for low power application, MOSFET is the 

best economical choice. 

 

1.4 Outline of Thesis 

 
 

This thesis consists of 6 chapters. In the first chapter, it discusses the project 

background, objectives, and scopes. In Chapter 2, literature reviews and theories on 

buck converter and switching converter are discussed.  

 
 

The methodology, and equipments are discussed in Chapter 3 while the 

hardwares and softwares implementation are discussed in Chapter 4. In Chapter 5, 

results for both open-loop and closed-loop regulator are discussed. In the sixth 

chapter, the suggestions and conclusions obtained upon successfully completing this 

project is given. Finally, the last part in the thesis provides the references and 

appendices used in the project. 
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CHAPTER 2 
 

 

 

 

THEORIES AND LITERATURE REVIEWS 
 

2.0 Introduction 

 

 This chapter describes all of the related theories and literature reviews of the 

buck converter project. 

 

2.1 Definition of Linear Voltage Regulator 

 

 Linear regulator controls the output voltage by varying the transistor base 

current. The output voltage is controlled between 0 V to Vs. The variation in input 

voltage or load  will be compensated by adjusting the base current in order to 

regulate the output. 

 

 In linear regulator the transistor operates in the linear region rather than 

cutoff and saturation region. Effectively, the transistor acts as a variable resistance. 

This causes the circuit to operate with low efficiency due high power loss in the 

transistor. Lower output voltage results in even lower efficiency [1]. 
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2.2 Linear Regulator 

 

One method of converting a DC voltage is by using a linear voltage regulator. 

The voltage output is given as equation 2-1 below. 

 

 LLo RIV =  (2-1) 

 

If transistor is used as the control element in the regulator circuit, by 

adjusting the transistor base current (ib), the output voltage (Vo), can be varied from 0 

to roughly Vs. The base current can also be adjusted to compensate for variation in 

the supply voltage to regulate the output at a fixed voltage. This type of regulator is 

called as linear regulator since the transistor operates in a linear region. In fact, the 

transistor operates as variable resistance. Refer to Figure 2.1. r is the transistor 

equivalent resistance or variable resistor when the transistor operates in transistor 

linear region. Since the transistor is equivalent to variable resistance it operates in 

transistor linear region, thus, there is voltage drop across the transistor. 

 
 

 
Figure 2.1: (a) Actual linear regulator circuit. (b) Linear regulator equivalent 

circuit 

 
 

The main drawback of a linear regulator is that the efficiency is quite low. 

This is due to the power loss in the transistor. The power loss in the transistor makes 

linear regulator inefficient. For instance, when the output is 50% of the supply 

voltage, thus the power loss in the transistor is 50% of the total power supplied by 

the source. Thus, lower output voltage result in even higher power loss and lower 

efficiency in the circuit. 

iL + 
 

Vo 

 
_ 

RL 
 
VS VS 

+ 
 

Vo 

 
_ 

iL 

RL 
r 

+   vce   - +   vce   - 

(b) (a) 
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2.3 Definition of DC-DC Converter 

 

 DC-DC converters are power electronics circuit that converts DC input 

voltage to a different DC output voltage level. It usually provides a regulated output. 

DC-DC converter is also known as DC-DC regulator, switching power supplies or 

switches and DC chopper [1]. 

 

2.4 Switching Converter 

 
 

One way to solve the problem of linear regulator is by using a switching 

converter. In switching converter the transistor acts as a switch (can be turned on and 

off) instead of as a variable resistance. The transistor in switching converter operates 

in saturation and cutoff region. Assuming the switch is ideal, the output voltage is the 

same as the input voltage when the switch is on and zero when the switch is off. The 

DC component of the output voltage is calculated using equations 2-2, 2-3, and 2-4 

below.  

 

 
∫=

T

oo dttv
T

V
0

)(1  
(2-2)

 
∫=

DT

so dttV
T

V
0

)(1  
(2-3)

 DVV so =  (2-4)

 

From the equation, it can be seen that the output voltage is depending on the 

duty ratio (D). The duty ratio is calculated as in equation 2-5 where f is the switching 

frequency, T is time for one complete cycle, and ton is the time when the switch is on. 

 

 
ft

T
t

D on
on ×==  

(2-5)
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Figure 2.2: (a) Actual switching converter circuit. (b) Switching converter 

equivalent circuit. 

 

 Figure 2.2 shows the switching converter and its equivalent circuits. When 

the transistor operates in cutoff and saturation region, it acts as a switch that turns on 

and off continuously with the period is determined by the pulse-width’s duty cycle 

applied at the base of the transistor. 

 

2.5 Definition of Buck Converter 

 

 Buck regulator is a DC-DC converter that converts higher DC voltage to 

lower DC voltage or step-down DC-DC converter [2]. 

 

 It is also known as down converter because the output voltage is less than the 

input voltage [1]. 

 

2.6 Basic Circuit of Buck Converter 

 
 

Figure 2.3 below shows the fundamental buck converter circuit with an ideal 

switch (S). The converter consists of a diode (D), voltage supply (Supply), inductor 

(L), and load (Load). 

 

+   vce   - 

iL + 
 

Vo 

 
_ 

RL RL 
 
VS VS 

Switch on and off 
continuously 

(a) (b) 
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Figure 2.3: Basic Buck Regulator Circuit 

  

2.7 Circuit Operations 

 
 

An ideal buck regulator controlled the output voltage by becoming either 

completely on or off alternately. Figure 2.4 below will demonstrate the circuit 

operations when the switch is on (closed). 

 

 
Figure 2.4: Switch is on 

 
 

When the switch is closed (short-circuited), the current from the supply will 

flows through the inductor to the load and back to the supply. The arrow shows the 

flow of current when the switch is on. The diode is opened (reverse biased) and will 

not conducts. 

 
 

S 
L 

D 

S 
L 

D 

Flow of current 
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Figure 2.5: Switch is off 

 
 

On the other hand, Figure 2.5 shows the flows of current when the switch is 

off (open). When the switch is opened (open-circuited), the energy stored in the 

inductor is released to the load and diode. The diode is forward biased. The arrows in 

the figure shows the path of current when the switch is off. The process is repeated 

for output voltage regulation at a fixed value. For continuous current operations, the 

switch will operate in on state again before the current reaches zero. 

 

2.8 Power MOSFET 

 

 MOSFET is the abbreviation for metal oxide semiconductor field effect 

transistor. It is a very fast switching transistor that has great potential for high 

frequency and low power applications. Figure 2.6 below shows the IRF9540 P- 

channel MOSFET. The three terminals are called drain (D), source (S) and gate (G). 

Current flow from drain to source and the device has no reverse-blocking capability. 

It is a voltage-controlled majority carrier device and has positive temperature 

coeffiecient which means it can be cascaded to increase its current capability.[4] 

 

IRF9540

 
Figure 2.6: IRF9540 P-channel MOSFET 
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2.9 PSpice Software 

 

 PSpice is a software used to produce and analyze both analog and digital 

electronic circuits. This software is used effectively in the project to solve many 

problems related to voltage and current. It also capable of producing the waveforms 

from the analyze circuit. [5] 

 

  Figure 2.7 below is the PSpice shematic window. The menu bar 

consists of menu like file, edit, view and etc as shown in the figure. Menu bar helps 

user to search for tools to modify the schematic circuit, saving project and to 

simulate the project. Last added part list is a box that shows the last used component 

throughout the entire work process. Toolbar buttons show the icons of the options in 

the menu bar. It is a shortcut to the menu bar options. The scroll bars at the right side 

and the bottom of the window allow user to scroll the window to view the hidden 

part in the schematic circuit. 

 

 
Figure 2.7 : PSpice schematic window 

 

Menu bar “Last added” 
parts list

Toolbar buttons 
(or icons)

Scroll bars 
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2.10 Pulse Width Modulation Circuit (PWM) 

 

 PWM circuit controls the switching rate and pulse width in buck regulator 

circuit. It consists of oscillator and gated latch to produce triangular waves and 

modulated the signal to produce series of pulse signal to the switching element. 

 

 Figure 2.8 shows a basic PWM circuit and demonstrates how series of pulse 

is generated from the triangular wave and control signal.  

 

 
(a) 

 

 
(c) 

 

Figure 2.8: (a) PWM Circuit (b) Oscillator Output, Vosc; Op-amp Output 

Voltage, Verror. (c) PWM Output Voltage, V1 
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 From Figure 2.8 (b), when the control signal is larger than the triangular wave, 

the op-amp will generate high state and vice versa [8]. The control signal is 

generated by comparing the reference voltage, Vref, with the actual voltage, Vactual, 

taken from the sampling circuit, to produce Verror. From the Figure 2.8 (b) also it can 

be seen that the pulse width is depending on the level of the error voltage. VH is the 

same as the peak amplitude of the triangular waveform, Ton is the time when the duty 

cycle is positive and VAT is the average voltage of the pulse output voltage. 
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CHAPTER 3 

 

METHODOLOGY AND EQUIPMENTS 

 

3.0 Introduction 

  

 This chapter discusses on methodology and procedures as well as equipments 

and softwares used in the entire work process. The methodology describes how the 

flows of the project and procedures topic describes how the project was divided into 

two phase (Final year project 1 and 2) and the works involved in each phase. The 

work schedule topic mentioned about the used of Gantt charts for the project 

schedules and the equipment and software topic describes about the equipments and 

softwares used when the project was carried out. 
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3.1 Methodology 

 

 
Figure 3.1: Project methodology 

 

 Figure 3.1 above shows that the first step in this project was to design the 

circuit components value for buck converter configuration. During this step, the 

components value were calculated using established equations and formulas. 

 

 Then models of buck converter and its controller were built and simulated 

using PSpice, MATLAB and Protel DXP 2004 softwares. The output and frequency 

response of the power stage and controller were analyzed and compared with the 

earlier theoretical predictions. 

 

 Next, when the simulation results had been confirmed to be approximately 

the same with the predictions,  the power stage and controller are assembled on the 

PCB. The PCB circuits were built using Protel DXP 2004. The circuits were then 

printed on the PCB before they undergo the etching process. After the circuits had 

been etched properly, the hardwares of buck converter power stage and its controller 

on the PCB platforms were obtained. Then the components were placed and soldered 

Circuit Design 

Modeling 

Simulation 

Hardware 
Assembly 

Testing and 
Troubleshooting 
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on the PCBs to complete the hardwares of buck converter power stage and voltage-

mode controller. 

 

 Lastly, the hardwares were tested in the lab to ensure that they function as the 

desired buck converter in the earlier design process. Any flaws detected on the 

hardwares were fixed immediately. Several numbers of tests were carried out during 

this step in order to make the hardwares to operate properly and accurately. 

 

3.2  Procedures 

 

The procedures involved in this project are as shown in the Figure 3.2. 

During final year project (FYP) 1, the works were focused on designing the buck 

converter power stage and the voltage-mode controller. It was started with choosing 

a title for the FYP 1, and ends with completed design of the converter’s power stage, 

first seminar and report on the FYP 1 works. In FYP 2, the works were focused on 

constructing the hardwares of buck converter power stage and the voltage-mode 

controller. It ends with final FYP 2 seminar and the submitting of completed thesis to 

the supervisor and the faculty. In general, the work involve in this project are shown 

in Figure 3.2 below. 
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Figure 3.2: Flow charts showing the works flow 

Choosing a title for the final project. 

Collecting reading material or 
literature review related to the 
project. 

Preparing a proposal for the title 
chosen. 

Propose the title to the supervisor. 

Study the circuit operation. 

Design the components for the 
converter and the controller circuit. 

Verify the design with the 
supervisor. 

Simulates the circuit by using 
PSpice software. 

Presents and demonstrates the 
projects in front of 3 selected panels 
during the FYP 1 first seminar. 

Prepare a report for FYP 1. 

FYP 1 

Construct the hardware based on the 
circuit designed during FYP 1. 

Verify the response with the 
simulation. 

Fill in the PSM 2-0 form and submit 
to the coordinator during the 4th 
week. 

Fill in the PSM 2-1 form and submit 
it during 13th week. 

Final testing of the hardware and 
prepare for the final FYP seminar. 

Preparing the thesis draft to be 
submitted during week 16. 

Attend the final seminar. 

Report writing work. 

Submit the completed hardcover 
thesis with a soft copy to the faculty. 

FYP 2 
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3.3 Works Schedule 

 

 Gantt chart is used to organize works schedules and to simplify the projects 

outline for project 1 (Appendix A) and project 2 (Appendix B). Project 1 consists of 

works plan on designing and simulating the buck converter and voltage-mode 

controller circuit using PSpice software while project 2 works plan emphasizes on 

constructing the hardware and thesis writing.  

 

3.4 Equipment and Software 

 

 The equipment used in this project consists of hardware components and also  

software program to carry out the circuit simulation. The softwares used for circuit 

simulation were PSpice, MATLAB and Protel DXP 2004. A buck converter circuit 

was simulated using actual components’ value to simulate the output voltage 

response and compared it with the desired response in the earlier design. During 

hardware construction phase, Protel DXP 2004 and MATLAB were used to construct 

the PCB circuits for buck converter power stage and its controller and to calculate 

the components’ value for both circuits respectively. 

 

 The components used to construct the hardware of buck converter and 

voltage-mode controller were capacitors, resistors, inductors, diodes, MOSFET and 

etc. The values chosen were based on the specifications in the earlier design phase as 

mentioned in Chapter 1, Table 1.1. 
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CHAPTER 4 

 

HARDWARE DESIGN AND SIMULATION 

 

4.0 Introduction 

 

 This chapter describes about the hardware design and how the circuit of buck 

converter power stage and voltage-mode controller were simulated using PSpice, 

MATLAB and Protel DXP 2004 softwares. 

 

4.1 Power Stage Design 

 

The components for power stage of buck converter were calculated using 

equation 4-1 through equation 4-8 as shown below. Vsat is the power-switch 

conduction voltage drop (assume Vsat = 0.5 V), Vd is the diode voltage drop 

(assumed Vd = 0.6 V), and Vin is ranging between 9 to 12 V. 
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 The results obtained from the calculations were as shown in the Table 4.1 

below. 
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Table 4.1: Buck converter power stage components value 

 

 From the calculation, the minimum value for inductance and capacitance are 

93 uH and 30 uF respectively. The inductor and capacitor value is chosen to be 

higher than the minimum value to maintain continuous-current mode operation with 

1% ripple and to limit the ripple in the output voltage waveform at 0.05 V.  The 
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chosen value of inductor and capacitor used in the project are 220 uH and of 1000 uF 

respectively. 

 

4.1.1 Power Stage Simulation 

 

The buck converter power stage in Figure 4.1 is simulated using PSpice 

software to obtain the output voltage and current response. The pulse-width 

generator equivalent generates the pulse-width modulation to control the P-channel 

MOSFET to either on or off. TF is the time for the pulse to fall to zero and TR is the 

time for the pulse to rise positive 12 V value. PW is the time for positive pulse-width, 

PER is the period for 1 complete cycle, Duty_cycle is the positive duty cycle and 

Switching_freq is the desired switching frequency for the MOSFET. The 

components value of the power stage is selected to be the same with the selected 

values in Table 4.1.  Load is selected to be 15 ohm and the input voltage is set to 12 

V. The current probe and voltage probe is used to measure the voltage and current at 

the inductor and the load respectively. Figure 4.2 shows the circuit built in Protel 

DXP 2004. The circuit was printed on the printed circuit board (PCB) before it 

underwent the etching process. 

 

 
Figure 4.1: Simulation of buck converter’s power stage in PSpice 

 

Current 
probe Voltage 

probe 
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Figure 4.2: Buck converter’s power stage built in Protel DXP 2004 

 

4.1.2 Power Stage Transfer Function 

 

 Equation 4-9 shows the transfer function of the buck converter power stage 

obtained from International Rectifier’s application note [9]. Rc is the ESR of the 

capacitor, L and C is the selected value as in Table 4.1. 

 

 
Power Stage = 

1)(2 +++

+

CR
R
LsLCs

VRsV

c

scs  
(4-9)

 

4.2 Controller Design  

 

 Figure 4.3 shown below is the controller and driver circuit of the buck 

converter constructed in Protel DXP 2004. Integrated circuit (IC) SG3524 was used 

to generate series of pulse-width to trigger the MOSFET on and off. 
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Figure 4.3: Controller and driver circuit built in Protel DXP 2004 
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 The IC SG3524 was represented by SW-DIP8 components in Protel DXP 

2004. The driver circuit was built to drive the P-channel MOSFET. It consists of one 

NPN transistor (2N2222A), one PNP transistor (2N2907), one 10 kΩ  resistor, one 

2.2 kΩ  resistor, one 220 pF capacitor and 3 diodes (1N4148). The controller circuit 

is similar to SG3524 test circuit as shown in Appendix C. 

 

4.2.1 Frequency Selection 

 

 The switching frequency is selected to be 50 kHz. The frequency was 

selected to be less than 100 kHz since the switching loss at 50 kHz is smaller 

compared to switching loss at frequency of 100 kHz. In the controller circuit, the 

switching frequency is determined by RT and CT values as shown in Figure 4.3. 

Equation 4-10 was used to calculate the value for RT and CT for 50 kHz switching 

frequency. 

 

 

TT CR
frequency 3.1

=
 

(4-10)

 

 For CT = 6.8 nF, the RT is chosen to be 3800 ohm. The reference voltage is 

adjusted to 2.5 V and the driver circuit is constructed to drive P-channel mosfet. 

 

4.2.2 Controller Transfer Function 

 

 Equation 4-11 is the transfer function of the controller and the driver circuit 

[1].  Vtriangular is the maximum voltage of the triangular waveform generated by IC 

SG3524. 

 



 

 

25

 

 
Controller = 

triangularV
1  

(4-11)

 

4.3 Compensator Design 

 

4.3.1 Compensator Transfer Function 

 

 The compensator transfer function is shown in equation 4-12 [10]. The values 

of R4, R5, R6, R7, C1, C2, and C3 were obtained from equations which are 

discussed in the next topics. 
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(4-12)

 

4.3.2 Output Sense Network 

 

 Output sense network is a resistive voltage divider used to sense the changes 

in output voltage at the converter output. The components value for the divider 

circuit must be chosen carefully to maintain accuracy as high as possible. The worst-

case SG3524  input bias current is 2 uA (see Appendix C). The divider current is 

chosen to be 1000 times greater than the worst-case value. 

 

 

 

 



 

 

26

 

 

 
Figure 4.4: Compensator  

 

 The value of resistors in the divider network are calculated using MATLAB. 

Figure 4.5 shows the program used in MATLAB to calculate the resistors’ value. 

 

 
Figure 4.5: MATLAB programming to calculate the resistive divider 

components 

 

 Figure 4.6 shows the results of the simulation in MATLAB software to 

calculate the value of R5 and R6. 

 

Connected to pin 1 

Connected to pin 9 
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Figure 4.6: Results of R5 and R6 calculation in command window. 

 

4.3.3 Loop Compensation Design 

 

 The loop compensator was designed to reshaping the error-

amplifier/controller frequency response with external components to stabilize the 

DC-DC converter. 

 

 The gain of the controller circuit is calculated using the equation 4- 13. 
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The gain was calculated using MATLAB. Figure 4.7 is the simulation result 

from command window. 

 

 
Figure 4.7: MATLAB simulation result of gain calculation. 

 

 The output filter is an LC filter and function accordingly. The inductor and 

capcitor produces two underdamped complex-pole pair at the filter resonant 
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frequency which is at frequency of 503.2921 Hz and the ESR puts a zero in the 

response above the resonant frequency which is at frequency of 1.9175 kHz. The 

complex poles and zeros are determined using MATLAB. The simulation results are 

shown in Figure 4.8 below. 

 

 
Complex poles location

LCo π
ω

2
1

==  
(4-14)

 
Zero location

CRcπ2
1

=  
(4-15)

 

 

 

 
Figure 4.8: MATLAB simulation result for the location of complex poles and 

zero. 

 

 The the gain and phase plots for open-loop buck converter are obtained by 

multiplying the controller gain with the power stage transfer function. The simulation 

is shown in Figure 4.9. 
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Figure 4.9: Open-loop buck converter transfer function from command 

window . 

 

 The results of simulation of open-loop buck converter and the frequency 

response graphs are shown in Figure 4-10 and Figure 4.11.  

 

 
Figure 4.10: The result of MATLAB simulation of buck converter frequency 

response in command window. 
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Bode Diagram
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Figure 4.11: (a) Gain response of open-loop buck converter. (b) Phase response of open-loop buck converter. 
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 The integrator gain (Refer to Figure 4.4), 1 / (sR5 x (C2 + C1)), establishes 

the open-loop unity-gain frequency. The zero will be located at approximately the 

same frequency as the output-filter poles to compensate for gain reduction and phase 

shift. The compensation network will have two zeros at f = 500 Hz to cancel out the 

complex poles from the LC filter. They contribute a gain of 40 dB at f = 5 kHz. From 

the magnitude response graph, at f = 5 kHz, the gain is 0.266 dB. Thus, the gain 

contributed by the compensation network’s integrator should be 0 – (0.297+40) = - 

40.27 dB = 0.009. 

 

 The pole at )2/(1 37CRπ  is positioned at approximately the same frequency as 

the zero above the filter resonant frequency to maintain 20 dB/decade roll-off in the 

gain response. 

 

 The final pole at ))/(2/(1 21214 CCCCR +π  is placed at f = 37.5 kHz to 

minimize high-frequency noise at the pulse-width modulator. 

 

 The components for the compensator design are calculated using MATLAB. 

The formulas, programming and the simulation results are as shown below. 
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Figure 4.12: MATLAB simulation for compensator design (part 1) 
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Figure 4.13: MATLAB simulation for compensator design (part 2) 

 

 The actual value of the components above are chosen according to its 

availability in the market. Thus, the components used for the compensator are R5 = 

2500 ohm (2400 ohm), R6 = 1250 ohm (1200 om), C2 = 1.4147 uF (1 uF), R4 = 

223.5282 ohm (240 ohm), C3 = 93.29 nF (0.082 uF), R7 = 890 ohm (910 ohm), and 

C1 = 18.99 nF (0.015 uF). 

 

4.3.4 Closed-Loop Buck Converter Frequency Response 

 

 Figure 4.14 and Figure 4.15 are the circuit and waveforms obtain from simple 
PSpice simulation.  
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Figure 4.14: Circuit to simulate closed-loop buck converter frequency response 
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Figure 4.15: Closed-loop buck converter frequency response (a) Gain response (b) Phase response 

Peaking is smaller 

(a) 

(b) 
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 From the frequency response analysis, after the compensator is added to the 

controller, the overall response of the open-loop buck converter had been improved.  

From the graph, it could be seen that the peaking due to complex pole pair had been 

reduced and the phase margin value is equal to 62 degree. 
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CHAPTER 5 

 

RESULTS 

 

5.1 Initial Results 

 

 Buck converter circuit is build using PSpice to simulate the output voltage 

response. The components value used in the simulation are the actual values 

available in the market.  The circuits and output responses are as shown below. 

 

5.1.1 Simulation Results 

 

5.1.1.1 Practical Buck Regulator 

 

 Figure 5.1 shows the practical buck converter simulation using PSpice 

software. The values for inductor and capacitor were chosen to be the same as in 

Table 4.1. 
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Figure 5.1: Buck converter schematic 

 

5.1.1.2 Output Response 

 

 Figure 5.2 shows the output voltage and current waveforms measured at the 

load and inductor respectively. The voltage waveform shows that the waveform 

reaches 9 V peak at t = 1 ms. The voltage stabilizes at 7.5 V after approximately 8 

ms. 
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Figure 5.2: The output voltage and inductor current waveform  
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 Figure 5.3 shows the output voltage waveform after waveform is zoomed in. 

From the figure, it can be seen that the voltage ripple is approximately 8.604 m – 

8.595 m = 9 uV. This value is even lower than the design value for output voltage 

ripple which is 50 mV. Thus, from the simulation, this value had met the design 

requirement for output voltage ripple in the buck converter design. 
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Figure 5.3: Output voltage waveform after zoomed in 
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 Figure 5.4 shows the inductor current waveform after zoomed in. From the 

figure, it can be seen that the inductor current ripple is approximately 8.86 m – 8.85 

m = 10 uA. Since the current regulation is supposed to be 1% of the maximum rated 

current, therefore, this value had met the requirement for the current regulation in the 

buck converter design.
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Figure 5.4: Inductor current after zoomed in 
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5.2 Hardware Results 

 

 Figure 5.5 shows the buck converter power stage circuit while Figure 5.6 

shows the controller circuit and driver circuit constructed in one PCB and the Figre 

5.7 shows the compensator circuit. The compensator circuit was not built on PCB so 

that it is easier to change the components’ value during experiment to obtain the 

desired frequency response. 

 

 
Figure 5.5: Power stage circuit 

 
Figure 5.6: Controller and driver circuit 
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Figure 5.7: Compensator circuit 

 

5.2.1 Open-loop Buck Converter 

 

Figure 5.5 shows the output waveform from the controller and the driver 

circuit. The duty cycle of the pulse-width is approximately 50% or 0.5. 

 

 
Figure 5.8: Output waveform from controller and driver circuit 
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Figure 5.6 shows the triangular waveform generated by the controller circuit. 

The maximum peak voltage of the triangular waveform is 3.6 V. 

 

 
Figure 5.9: Triangular waveform generated by the controller circuit 

 Figure 5.7 shows the chopped input voltage waveform obtained from the 

diode. The waveform from the diode is the same with the output waveform from 

controller since the MOSFET was turned on and off by the pulse-width generated 

from the controller circuit. Thus, the pulse-width had chopped the input waveform 

and produces chopped input voltage waveform. Figure 5.8 shows the waveforms 

measured from the diode and output voltage waveform from the load. 

 

 
Figure 5.10: Input voltage waveform at the diode 
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Figure 5.11: (a) Chopped input voltage. (b) Output voltage waveform. 

 

 

 

5.2.2 Closed-loop Buck Converter 

 

 The following results show the regulation processed of the closed buck 

converter. In Figure 5.9 and Figure 5.10, the output voltage was regulated at 7.11 to 

7.20 V. This value is closer to the design value which is 7.5 V. The output voltage is 

lower than the expected value is due to voltage drop in the circuit. In Figure 5.11, 

since the input voltage is out of the design range, the voltage dropped at much lower 

value (6.9 V). The changes in input voltage, causes the controller to vary the duty 

cycle to regulate the output voltage. The top waveform was taken from the diode and 

it is the chopped input voltage waveform while the bottom waveform was taken from 

the load at the power stage output which represents the output voltage actual 

response. 

 

(a) (b) 
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Figure 5.12: (a) Chopped input voltage and output voltage. (b) Input voltage 

(11.9 V) and output voltage. 

 

 
Figure 5.13: (a) Chopped input voltage and output voltage. (b) Input voltage 

(10.5 V) and output voltage. 
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Figure 5.14: (a) Chopped input voltage and output voltage. (b) Input voltage 

(8.85 V) and output voltage. 
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CHAPTER 6 

 

CONCLUSIONS AND SUGGESTIONS 

 

6.0 Introduction 

 

 This final chapter concludes all the topics that have been discussed previously. 

In addition to the conclusion, some suggestions for future work on this project are 

described. 

  

6.1 Suggestions For Future 

 

 Even though the proposed objectives has been met, there are still  many 

improvement that could be done for this project. The project is far from completed 

since many improvement could be done to increase the reliability and accuracy of the 

converter. 

 

 Because the technology is still improving over the years, there are many types 

of configuration for buck converter control available in the market. For instance, 

there are synchronous buck converter, peak-current control buck converter and etc. 

 

  Thus, this project could be expanded by implementing peak-current mode 

control or synchronous buck configuration into the voltage-mode control buck 

converter for improvement in the controlling the output voltage. By improving the 
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control method for the buck converter, the complexity of the design will arise, thus it 

will needs some study to be done in the future for such improvement. 

 Finally, even after such improvement, there will be more studies that could be 

done to improve the efficiency and reliability of the converter. The method of 

controlling the MOSFET by using pulse-width modulation generated by the 

microcontroller is one such study that could be done in the future. 

 

6.2 Conclusions 

 

 As conclusion, this project had successfully achieved its main objectives 

which is to develop a voltage-mode control buck converter. The closed-loop circuit 

simplifies the tedious work of controlling the output by automatically adjusting the 

duty cycle to regulate the output voltage at a particular level. 

 

 Even though voltage-mode control sense the changes in output and input 

signal to regulate the voltage at specific level, it still can be expanded by adding 

other method such as peak-current control and synchronous buck configuration. 

However, this will add complexity to the design. Thus further research and studies 

are required for such expansion. 

 

 Voltage-mode control is chosen for this project since its design process is not 

very complex and not to mention, cheap. The controlling method is also easy to 

understand since it detects the voltage change through sense network and feed the 

signal back to the controller circuit for regulation process. 

 

 Last but not least, this project had also taught me many things in handling 

problems,  providing and implementing solutions to solve them. Time management is 

also very important as last minute work can be very pressuring and tiring. Good time 

management is crucial since it ensures that this project can be finished on time with 

good quality of work. 
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 PLANNING FOR PSM 1             
                 

NO ACTIVITIES WEEKS 
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Final year project briefing                               
2 Selecting department                               
3 Selecting problem and title for 

FYP                               
4 Searching for literature 

review and consultation with 
supervisor                                

5 Project proposal                               
6 Submitting proposal                               
7 Research and studies                               
8 Studying buck converter 

theory                               
9 Choosing design specification                               
10 Designing buck converter 

components                              
11 Simulation using PSpice                                
12 Simulation of power stage 

using PSpice                               
13 Consultation with supervisor                               
14 First seminar                               
15 Studying closed-loop design                               
16 Designing controller circuit                               
17 Simulation of the control 

circuit                               
18 Constructs and simulates the 

new converter circuit by using 
PSpice                                 

19 Consultation with supervisor                               
20 Preparing the FYP 1 report                               
 
 
 
 
 
 
 
 



 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 PLANNING FOR PSM 2                 
                      

NO ACTIVITIES WEEKS 
    1 2 3 4 5 6   8 9 10 11 12 13 14 15 16 17 18 19
1 Design PID 

controller                                       
2 Consultation 

with 
supervisor                                       

3 Ordering 
components 
from Farnell                                       

4 Bode plot 
simulation for 
complete buck 
converter                                       

5 Build PCB 
circuits                                       

6 Submitting 
form PSM 2-0                                       

7 Submitting 
form PSM 2-1                                       

8 Testing and 
analyzing the 
hardware                                       

9  Preparation 
for final 
seminar and 
final 
presentation                                       

10 Preparing the 
thesis draft                                       

11 Final seminar 
and 
demonstration                                       

12 Submit the 
thesis draft                                       

13 Thesis writing 
work                                       

14 Submitting 
completed 
thesis with 
hardcover                                       
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Figure 6: Controller’s PCB circuit 



 
Figure 7: Buck converter power stage’s PCB circuit 
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