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ABSTRACT 

 

 

 

 

 Recent advances in semiconductor, magnetic and passive technologies make the 

switching power supply an ever more popular choice in the power conversion arena 

today. These supplies offer lightweight, smaller footprints and improved efficiencies 

over traditional power supplies. The objective of this project is to develop a boost 

converter which can be operated in many ways in order to obtain the desired output. The 

operation of power supply circuits was built by using microcontroller and pulse width 

modulator (PWM) which can produce a PWM as an input from the controller for the 

boost circuit. This project has been divided into two, using PIC16F877A and using pulse 

modulator, SG3525AN. The boost topology is used in the circuit for arrangement of the 

power devices and the other elements. The frequency and period of the pulse width has 

to be determined first in order to get the 1000V output. C Compiler software is used to 

program the PIC16F877. For SG3525AN, it will generate the pulse by itself to be supply 

to the boost circuit. As the result, the direct current (DC) 1000V output voltage remains 

constant through the time. This boost converter can be used for multipurpose and further 

research need to be done to complete this circuit to the full potential. 
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ABSTRAK 

 

 

 

 

 Perkembangan teknologi semikonduktor, magnetic dan pasif the membuatkan 

pembekal kuasa menjadi semakin popular di dalam arena pengubahan kuasa pada hari 

ini. Pembekal kuasa seperti ini memberikan kelebihan dari segi saiz yang kecil, rekaan 

yang lebih ringkas dan kecekapan yang lebih bagus berbanding pembekal kuasa 

tradisional. Objektif untuk projek ini ada untuk menghasilkan “boost converter” yang 

boleh dikendalikan dengan pelbagai cara untuk mendapatkan keluaran yang 

dikehendaki. Operasi untuk litar ini dibina menggunakan “microcontroller” and “Pulse 

Width Modulator” yang akan menghasilkan gelombang sebagai input dari kawalan 

untuk litar ini. Projek ini dibahagikan kepada dua bahagian, iaitu menggunakan 

PIC16F877A dan juga SG3525AN. Topologi anjakan untuk litar digunakan dalam 

susunan alatan kuasa dan elemen yang lain. Frekuensi dan jangka masa gelombang kena 

ditentukan untuk mendapatkan keluaran sebanyak 1000V. Penggunaan perisian C 

Compiler turut digunakan untuk membuat program bagi PIC16F877A. Untuk 

SG3525AN pula, ianya mampu mengeluarkan gelombang semdiri untuk dibekalkan. 

1000V dapat dihasilkan. Pembekal kuasa seperti ini boleh digunakan untuk pelbagai 

kegunaan dan kajian yang lebih mendalam perlu dijalankan agar litar ini bole mencapai 

keupayaan yang sebenar. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Overview 

 

 

 The title of this project is 18V to 1000V Boost Converter. This converter also 

known as the step-up converter that is another switching converter that has the same 

components as the buck converter, but this converter produces an output voltage greater 

than the source. For an ideal boost converter has the five basic components, namely a 

power semiconductor switch, a diode, an inductor a capacitor and a Pulse Width 

Modulator (PWM) controller. The placement of the inductor, the switch and the diode in 

the boost converter is the differences of this type of converter compares with the buck 

converter.  

 

 This project is divided into two different methods because this project is mainly 

to do analysis, comparisons and data collections to determine which method are more 

reliable, cost savings and high efficiency. For the first method, application of PWM 

oscillator applied because this oscillator can generate pulse which is 1000V as an output. 
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The second method is a microcontroller used to control the circuit. The reason for this 

method is to manipulate the generate pulse that produce by the microcontroller in order 

to obtain the 1000V output. 

 

 

 

1.2 Background 

 

 

 The advent of commercial semiconductor switch in the 1950’s represented a 

major milestone that made Switched-Mode Power Supply (SMPS) such as possible. The 

SMPS have high efficiency since it can switch turn ON and OFF quickly and have low 

losses. The major DC to DC converters were developed early 1960s when the switches 

had become available. The rapid development of this technology has become an 

advantage for the aerospace industries since the need for small, lightweight and efficient 

power converters.[10] 

 Switched systems such as SMPS are a challenge to design since its model 

depends on whether a switch is opened or closed. R.D. Middlebrook from Caltech in 

1977 published the models for DC to DC converters used today. Middlebrook averaged 

the circuit configurations for each switch state in a technique called state-space 

averaging. This simplification reduced two systems into one. The new model led to 

insightful design equations which helped SMPS growth.[10] 
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1.3 Problem Statement 

 

 

 The increase in demand of power has greatly improved the converter. Even 

today’s car also known as Hybrid Electric Vehicle (HEV) uses electric energy. For 

example, Toyota Prius HEV. The Toyota Prius HEV contains a motor which utilizes 

voltages of approximately 500 V. Without a boost converter, the Prius would need 

nearly 417 cells to power the motor. However, a Prius actually uses only 168 cells and 

boosts the battery voltage from 202 V to 500 V. 

 Besides the increase of power demand, an application which is cost savings to 

build also has been the main issue for this project. Besides being cost savings, this 

project also must be portable, space savings (small) and easy to be keep. 

 Lastly, this application must be high efficiency, reliable and long life cycle. 

Because of user demand, this also has become the main issue and one of the main ideas 

for this project. User would attract with the end product if it has the above specifications 

because user tend to buy or use an application which they can rely on for a long time 

with high efficiency. 
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1.4 Objectives 

 

 

 Every project must have the objectives to achieve. And these objectives will be 

the guideline for the completion of this project. For this project, 18V to 1000V boost 

converter is developed with the listed objectives below: 

 

I. To know the application of the PWM generator. 

II. To the input of 18V to 1000V. 

III. Application of the Power MOSFET. 

IV. Analysis on each system by collecting data. 

 

 

 

 

1.5 Scope of Project 

 

 

 In order to achieve the objectives of the project, there are several scope has been 

outlined as followed: 

I. Using microcontroller. 

 
For this project, PIC16F877A have been selected. The reasons of selection this 

microcontroller are explain in Chapter 3. 
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II. Using PWM oscillator. 

 

SG 3525AN have been selected for this project because of the function that this 

PWM oscillator can provide. More explanations are available in Chapter 3. 

 

III. Application of power MOSFET. 

 

For this project, power MOSFET IRFBG30 has been selected. This power 

MOSFET is selected because it suitable for this project. Explanation are provide 

in Chapter 3. 

 

 

 

 

1.6 Outline of Thesis 

 

 

 This thesis consists of five chapters. In the first chapter, this chapter discussed 

the overall idea of this project is discussed which including objectives of project, 

problem statement, the scope of this project and outline of this thesis. 

 

 Chapter 2 is discuss more on theory and literature review that have been done. It 

well discusses about the boost converter, basic concept of the converter, PIC 16F877 

microcontroller, SG3525A-Pulse Width Modulator Control Circuit, power MOSFET 

and programming tools used in this project. 

 Chapter 3 describes the methodology of the hardware and software 

implementation of this project. The tools, components and software used to accomplish 

the project also discussed in this chapter. 
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 Chapter 4 presents a discussion of the implementation, result and analysis of the 

whole project. This chapter also explains the justification of some failure had happen in 

this project. 

 Chapter 5 provides the conclusions of the project. There are also several 

suggestions that can be used for future implementation or upgrading for this project. 
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CHAPTER 2 

 

 

 

 

THEORY AND LITERATURE REVIEW 

 

 

 

 

2.1 Overview 

 

 

 This chapter includes all the paper works and related research as well as the 

studies regards to this project. The chapter includes all important studies which have 

been done previously by other research work. The related works have been referred 

carefully since some of the knowledge and suggestions from the previous work can be 

implemented for this project. 

 

 Literature review was an ongoing process throughout the whole process of the 

project. It is very essential to refer to the variety of sources in order to gain more 

knowledge and skills to complete this project. These sources include reference books, 

thesis, journals and also the materials obtained from internet. 
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 At the beginning of the project, the basic concept of the boost converter has been 

well understood. In addition, the function of all the components used in this project such 

as the microcontroller PIC16F877A, PWM Oscillator SG3525A, and Power MOSFET 

was explored first before starting the project. 

 

 

2.2 The Basic Concept of Boost Converter 

 

 

 The boost converter, also known as the step-up converter, is another switching 

converter that has the same components as the buck converter, but this converter 

produces an output voltage greater than the source. The ideal boost converter has the 

five basic components, namely a power semiconductor switch, a diode, an inductor, a 

capacitor and a PWM controller. The placement of the inductor, the switch and the diode 

in the boost converter is different from that of the buck converter. The basic circuit of 

the boost converter is shown in Figure. 2.1.  

 

 

 

 

Figure 2.1: Boost Converter Basic Circuit [5] 

 The operation of the circuit is explained now. The essential control mechanism 

of the circuit in Figure 2.1 is turning the power semiconductor switch on and off. When 

the switch is ON, the current through the inductor increases and the energy stored in the 

inductor builds up. When the switch is off, current through the inductor continues to 

flow via the diode D, the RC network and back to the source. The inductor is 
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DC Vout
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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. It can be seen then the capacitor voltage has to be higher than the source voltage 

and hence this converter is known as the boost converter. It can be seen that the inductor 

acts like a pump, receiving energy when the switch is closed and transferring it to the 

RC network when the switch is open. [5] 

 

 When the switch is closed, the diode does not conduct and the capacitor sustains 

the output voltage. The circuit can be split into two parts, as shown in Figure 2.2. As 

long as the RC time constant is very much larger than the on-period of the switch, the 

output voltage would remain more or less constant. [5] 

 

 

 

Figure 2.2: Switch Closed State [5] 

 When the switch is open, the equivalent circuit that is applicable is shown in 

Figure 2.3. There is a single connected circuit in this case.  

 

 

 

Figure 2.3: Switch Open State [5] 
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2.3 The Pulse Width Modulation (PWM) Signal 

 

 

 Pulse width modulation (PWM) is a powerful technique for controlling analog 

circuits with a processor's digital outputs. PWM is employed in a wide variety of 

applications, ranging from measurement and communications to power control and 

conversion. 

 

 The PWM signal is still digital because, at any given instant of time, the full DC 

supply is either fully on or fully off. The voltage or current source is supplied to the 

analog load by means of a repeating series of on and off pulses. The on-time is the time 

during which the DC supply is applied to the load, and the off-time is the period during 

which the supply is switched off. [2] 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: PWM signals of varying duty cycles [2] 

 

 Figure 2.4 show three different PWM signals. The upper signal shows a PWM 

output at a 10% duty cycle. That is, the signal is on for 10% of the period and off the 

other 90%. The middle and bottom show PWM outputs at 50% and 90% duty cycles, 

respectively. These three PWM outputs encode three different analog signal values, at 

10%, 50%, and 90% of the full strength. By controlling analog circuits digitally, system 

costs and power consumption can be drastically reduced. What's more, many 
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microcontrollers and DSPs already include on-chip PWM controllers, making 

implementation easy. PWM is economical, space saving, and noise immune. 

 
 
 
 
2.4 Hardware Devices/Components 

 

 

2.4.1 PIC Microcontroller 

 

 

 PIC is a family of Harvard architecture microcontrollers made by Microchip 

Technology, derived from the PIC1650 originally developed by General Instrument's 

Microelectronics Division. The name PIC was originally an acronym for "Programmable 

Intelligent Computer". 

 

 PICs are popular with developers and hobbyists alike due to their low cost, wide 

availability, large user base, extensive collection of application notes, availability of low 

cost or free development tools, and serial programming (and reprogramming with flash 

memory) capability. 

 

 The PIC architecture is distinctively minimalist. It is characterized by the 

following features with separate code and data spaces have a small number of fixed 

length instructions. Most instructions are single cycle execution (4 clock cycles), with 

single delay cycles upon branches and skips. Has a single accumulator (W), the use of 

which (as source operand) is implied (i.e. is not encoded in the op-code). All RAM 

locations function as registers as both sources 12 and/or destination of math and other 

functions. Has a hardware stack for storing return addresses also has a fairly small 

amount of addressable data space (typically 256 bytes), extended through banking. Data 
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space mapped CPU, port, and peripheral registers. The program counter is also mapped 

into the data space and writable (this is used to synthesize indirect jumps). 

 

 Unlike most other CPUs, there is no distinction between "memory" and 

"register" space because the RAM serves the job of both memory and registers, and the 

RAM is usually just referred to as the register file or simply as the registers. 

 
 
 
 
2.4.1.1 PIC Family Core Architectural 

 

 

 PIC can be divided into several family cores architectural. There are three main 

family cores. That is baseline core, mid-range core and high end core.  

 

 Baseline core devices is feature a 12-bit wide code memory, and a tiny two level 

deep call stack. They are represented by PIC10 series, as well as some PIC12and PIC16 

devices. Baseline devices are available in 6-pin to 40-pin packages.  

 

 Mid-Range core devices is feature a 14-bit wide code memory, and an improved 

8 level deep call stack. The instruction set differs very little from the baseline devices, 

but the increased op-code width allows more memory to be directly addressed. The mid-

range core is available in the majority of devices labeled PIC12and PIC16. 

 

 High end core devices are 17 series never became popular and has been 

superseded by the PIC18architecture. It is not recommended for new designs, and may 

be in limited availability. 

 

 Improvements over earlier cores are 16-bit wide op-codes (allowing many new 

instructions), and a 16 level deep call stack. PIC17 devices were produced in packages 

from 40 to 68 pins. 
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2.4.1.2 PIC 16F877A 

 
 
2.4.1.2.1 Introduction: 

 
 
 PIC16F877A is a small piece of semiconductor integrated circuits. The package 

type of these integrated circuits is DIP package. DIP stand for Dual Inline Package for 

semiconductor IC. This package is very easy to be soldered onto the strip board. 

However using a DIP socket is much easier so that this chip can be plugged and 

removed from the development board. PIC16F877A have many features which can be 

use in this project. Table 2.1 provides all the features available on this PIC16F877A. 

Besides all the features provide, this chip also selected based on several reasons: 

 

i) It support analog to digital conversion. 

ii) It size is small and equipped with sufficient output ports 

iii) It portability and low current consumption 

 

 

 

 

 

 

 

Figure 2.5: PIC 16F877A 

 

Feature PIC16F877A 

Operating Frequency DC – 20 MHz 

Program Memory Type Enhanced Flash 

Program Memory Size (bytes) 14336 

Data Memory (bytes) 368 

EEPROM Data Memory (bytes) 256 
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Interrupts 15 

I/O Ports Ports A, B, C, D, E 

Timers 3 

Capture/Compare/PWM 

modules 

2 

Serial Communications MSSP, USART 

Parallel Communications PSP 

10-bit Analog-to-Digital 

Module 

8 input channels 

Instruction Set 35 Instructions 

Resets (and Delays) POR, BOR(PWRT, OST) 

Table 2.1: 40 pin PIC16F877A  

 

 

 

 

2.4.1.2.2 Advantages of PIC 16F877A 

 

 

 There are several advantages of PIC 16F877A if compare to other controller. 

This chip is easy to buy since it available in market and in demand for the market. 

.Besides, this chip is inexpensive compare with other controller. Because of the 

inexpensive value in market, this controller is suitable for low cost development tools 

 

 This PIC 16F877A have 33 I/O pins which provides user with more freedom and 

availability in their project. This controller also has RAM, ROM and peripheral on chip. 
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2.4.2 Pulse Width Modulator Control Circuit SG3525A 

 

 

 The SG3525A, SG3527A pulse width modulator control circuits offer improved 

performance and lower external parts count when implemented for controlling all types 

of switching power supplies. The on–chip +5.1 V reference is trimmed to ±1% and the 

error amplifier has an input common–mode voltage range that includes the reference 

voltage, thus eliminating the need for external divider resistors. A sync input to the 

oscillator enables multiple units to be slaved or a single unit to be synchronized to an 

external system clock. A wide range of dead time can be programmed by a single 

resistor connected between the CT and Discharge pins. Figure 2.6 shows the pin 

connections for this pulse width modulator with the functions of every pin. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6: Pin Diagram of SG3525A 

 

 These devices also feature built–in soft–start circuitry, requiring only an external 

timing capacitor. A shutdown pin controls both the soft–start circuitry and the output 

stages, providing instantaneous turn off through the PWM latch with pulsed shutdown, 

as well as soft–start recycle with longer shutdown commands. The under voltage lockout 

inhibits the outputs and the changing of the soft–start capacitor when VCC is below 

nominal. The output stages are totem–pole design capable of sinking and sourcing in 
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excess of 200 mA. The output stage of the SG3525A features NOR logic resulting in a 

low output for an off–state while the SG3527A utilized OR logic which gives a high 

output when off. 
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CHAPTER 3 

 
 
 
 

METHODOLOGY 

 
 
 
 

3.1 Overview 

 
 

This chapter will explain about the methods that will be used to complete the 

project. Basically, the project will be divided into few parts and it will be executed stage 

by stage. After the title has been decided, the first thing to do is to have a clear 

understanding about the whole idea of the project.  

 

 Besides, literature review was done on various topics such as the basic 

knowledge about boost converter, PIC Microcontroller, pulse width modulator, power 

MOSFET and programming. Moreover, the operation of the technique, the advantages, 

as well as the details of the component was to be studied before the proceeding to the 

hardware implementation. The flow chart and block diagram provide in this chapter is 

method and approaches that need to be taken have been determined to make this project 

successful. 
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Understanding the title of the project

•Searching for the characteristics of 
boost converter.
•Doing research on the title.

Understanding the characteristics of the boost 
converter, the theory of the converter and design 
the circuit

Implement the 
circuit to 

hardware, and 
programming the 

controller

Compare the result 
of hardware result. 
Analysis of the 
results obtained.

Achieved desired 
result?

Successful project

3.2 Flow Chart on Project Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Flow Chart on Project Methodology 

 

 Figure 3.1 shows the flow chart of this project. It is necessary for every project to 

have a flow chart because it will be a guideline for the whole project and also the 

completion of the project. For this project, the first step is to understand the title of 

project. A better understanding will help in the project. Next step is doing research of 

this project. Research is an important task because a good research will help the progress 

of this project and determine the success of it. Once the research is done and information 

has obtained, then the project can start the next step. With the information and 

knowledge from the research, the design process can start. Once the designing already 

completed and satisfied, then the hardware can be build according to the result from the 

designing. The complete circuit must go through testing and data collected to do 

comparisons. If the result obtained is satisfied, then the project is successful. 
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3.3 18V to 1000V Boost Converter Diagram 

 

 18V Supply 

 

  SG3525A                PIC 16F877 

 

 

         PWM Generation 

 

 

 

 

 

 Data Collection/Analysis/Comparison        Data Collection/Analysis/Comparison 

Figure 3.2: 18V to 1000V Boost Converter Diagram 

 

 In the previous page show the flow chart of this project. Meanwhile, Figure 3.2 

shows the diagram of this project. This diagram helps during the designing, developing 

and testing the circuit. The diagram shows that this project is divided into two parts or 

method. Each method uses the same type of application that is using pulse to operate. 

When the circuit is complete, result will be obtained. 

 

 

 

 



20 
 

3.4 Circuit Development 

 

 

3.4.1 PIC Circuit 

 

 

 A PIC microcontroller needs a few setting before it successfully operates. It need 

to have a master clear reset input, oscillator circuitry and the most important, the voltage 

supply to be functional. These basic pins are configured as shown in Figure 3.3 and 

Figure 3.2. 

 

 

 

  

 

 

 

 

 

 

Figure 3.3: Oscillator circuit 

 

 

 

 

 

 

 

 

Figure 3.4: Basic pin for PIC16F877A 
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 Basic pin for PIC 16F877A can be shown clearly in Figure 3.4. Master Clear 

Reset is located at pin 1, Vdd or +5V input supply should be connected to both pin 11 

and pin 32, Vss or Ground should be connected to both pin 12 and pin 31. While both 

OSC1 and OSC2 should be connected to pin 13 and pin 14 correctly. 

 

 

 

 

3.4.2 Voltage Regulator 7805 IC 

 

 

 Most digital logic circuits and processors need a 5 volt power supply. LM 7805 

voltage regulator IC is used to regulate supply voltage from power supply to 5-volt for 

microcontroller. From the front side of LM7805, we can see 3 legs or pin. The left pin 

must be connected to supply voltage in DC. The centre pin must be connected to ground. 

The right pin is the 5-volt output voltage. A heat sink is required for heat dissipation and 

can mount at the back of the IC. The voltage regulator IC is shown in Figure 3.5.  

 

 

 

 

 

 

 

 

 

Figure 3.5: Voltage Regulator Circuit. 

 

 To provide the steady +5V supply to the PIC Microcontroller, a voltage regulator 

circuit has been built by using a few component. Two capacitor rated 10uF are used for 

this circuit and a LM7805 transistor is used to supply 5V for the PIC 16F877A. 
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3.4.3 Power MOSFET IRFBG30 

 
 

 This power MOSFET as shown in Figure 3.6 can be control by providing it with 

PWM pulse. This pulse can provide as an input through pin G. It is important to 

remember that the pulse width of this IRFBG30 is less than 300 microseconds and the 

duty cycle is less or equal with 2%. Meanwhile pin S is where we connect it to ground. 

Inside this power MOSFET also is a Zener diode which will avoid the current to flow 

back. This Zener diode also provides protection for this power MOSFET. 

 

 

 

 

 

 

 

Figure 3.6: Power MOSFET IRGBG30 

 This power MOSFET has VDSS that can reach up to 1000V with ID of 3.1A. 

Meanwhile, the resistance of this power MOSFET is RDS equal to 5.0Ω. This power 

MOSFET can fit in any applications since it has characteristic of simple drive 

requirement. 

 
 
 
 
3.4.4 Metallized Polyster Film Capacitor 

 

 

 A capacitor or condenser is a passive electronic component consisting of a pair 

of conductors separated by a dielectric. Capacitor stores energy and produces a 

mechanical force between the plates. Besides, capacitors can also block the flow of 

direct current while allowing alternating current to pass, to filter out interference, to 

smooth the output of power supplies, and for many other purposes.  
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Figure 3.7: Metalized Polyester Film Capacitor 

 

 For this project, it is required to use this type of capacitor as shown in Figure 3.7. 

It has the rating of 1uF with rating voltage of 630V (dc). This capacitor is ECQE(F) type 

of capacitor. It has a non-inductive construction using metalized Polyster film with 

flame retardant epoxy resin coating. Other features are self healing property besides the 

excellent electrical characteristics. 

 
 
 
 
3.4.5 IR2101 

 

 

 The IR2101(S) as shown in Figure 3.8 are high voltage, high speed power 

MOSFET and IGBT drivers with independent high and low side referenced output 

channels. Proprietary HVIC and latch immune CMOS technologies enable ruggedized 

monolithic construction. The logic input is compatible with standard CMOS or LSTTL 

output, down to 3.3V logic. The output drivers feature a high pulse current buffer stage 

designed for minimum driver cross-conduction. The floating channel can be used to 

drive an N-channel power MOSFET or IGBT in the high side configuration which 

operates up to 600 volts. 
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Figure 3.8: Different packaging type of IR2101 

 

 For this project, it is necessary to use this IC IR2101 because of the use power 

MOSFET IRFBG30 which has high switching frequency. A signal is supply through the 

pin HIN of the IR2101 from the PIC 16F877A. From the IR2101, the pin HO is then 

connected to 4N25 before the signal goes to IRFBG30.  

 
 
 
 
3.4.6 4N25 

 

 

 4N25 is an opto-isolator output transistor. This type of opto-isolator is suitable 

for general purpose switching circuits. Besides, this opto-isolator also capable of 

handling applications that require interfacing and coupling systems of different 

potentials and impedances. It also can be use as an I/O interfacing devices. This opto-

isolator also can be used as Solid State Relays application. 
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Figure 3.9: Standard Thru Hole type of 4N25 

 

 Since the project involve high voltage and low voltage, it is necessary to isolate 

or separate the two parts. 4N25 is used in the circuit to isolate the high voltage from the 

low voltage. Figure 3.9 show the diagram of the 4N25 which has been used for this 

project. 

 
 
 
 
3.5 Programming Development 

 
 
3.5.1 PWM Mode 

 

 

 In Pulse Width Modulation (PWM) mode is where we need to determine all the 

require pulse width, period, and duty cycle. Only then programming can be done. The 

CCPx pin produces up to a 10-bit resolution PWM output. Since the CCPx pin is 

multiplexed with the PORT data latch, the corresponding TRIS bit must be cleared to 

make the CCPx pin an output. 
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Figure 3.8: PWM Output 

 

 One of the requirements for this project is to generate a PWM from the 

PIC16F877A. This PWM will be connected to IRGBG30 as an input for it to generate 

enough pulse to produce 1000V. Figure 3.7 shows mathematical equation for the 

calculations of PWM which will be use in this project. 

 Before starting with the programming, the frequency of the period must be 

determined first since the IRFBG30 has its own requirement that it duty cycle of 2% and 

pulse width of 300us. After some calculations, it has been decide that the PWM 

frequency is 165 kHz.  

 

 Maximum resolution also needs to be determined. Using the equation given, the 

maximum resolution for this 165 kHz is 6.92 bits. If the PWM duty cycle value is longer 

than the PWM period, the CCPx pin will not be cleared. This allows a duty cycle of 

100%. The minimum resolution (in time) of each bit of the PWM duty cycle depends on 

the pre-scalar of Timer2. 

 

 Once the programming is completed, the CCPx pin is then connected to the 

IRGBG30 to give the generate PWM as an input to operate the IRGBG30. 
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3.6 Software Development 

 

 

3.6.1 C Compiler 

 

 

 C Compiler is program that requires in this project to write the program before 

burn it into PIC16F877A. C Compiler is based on C language which is a simple way to 

write a program.  

 For this project, the command or syntax, SET_PWM1_DUTY ( ), is widely use 

since the project require to generate PWM pulse from the PIC16F877A. This function is 

only available on devices with CCP/PWM hardware. The parameter value may be an 8 

or 16 bit constant or variable. 

 
 
 
 
3.6.2 ORCHAD 9.1 COMPLETE SUITE 

 

 

 ORCHAD 9.1 COMPLETE SUITE is software that can do stimulation and result 

can be obtained directly. Besides, this software also can be used to design the schematic 

of the circuit. This software has offer variety of software inside the database which can 

be used to complete this project. 

 

 For this project, this software has been used limited since some of the component 

for this project didn’t available inside the database of this software. But, in designing the 

schematic and the circuit drawing, this software has been used widely. 
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CHAPTER 4 

 
 
 
 

RESULT AND DISCUSSION 
 
 
 
 
4.1 Overview 
 
 
 This chapter will explain about the circuit of every PWM controller that been 

used in this project. Pictures are provided to explain more on both of circuit and also for 

better understanding. 

 

 This chapter will also explain on the experiments that had been conducted for 

this project. An experiment is conducted to find out the relationship between PWM and 

the output voltage for the boost converter. Then, data collection is done to observe the 

changing in the output voltage when we variable the period and the duty cycle from the 

PIC16F877A. Several pictures base on each circuit are provided to be use to explain 

more detail this project. Graph also been provided for a better understanding of this 

project. 

 
 
 
 
4.2 Circuit Overview 
 
 
 This circuit overview will be divided into two parts since we have 2 different 

circuits. For the first part we will explain the circuit of the SG3525AN and the second 

part we will explain on the circuit of PIC6F877A. Pictures been provided for the clear 

viewing of this project. 
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4.2.1 Circuit Overview of SG3525AN 
 
 
 For the SG3525AN, a circuit have been successfully been design and solder 

similar to a PCB board where we solder all the connection and didn’t require any wiring. 

Figure 4.2.1 (a) and Figure 4.2.1 (b) show a complete circuit of the boost converter using 

SG3525AN after the completion of designing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2.1 (a): Top view of the circuit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2.1 (b): Bottom view of the circuit 
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4.2.2 Circuit Overview of PIC6F877A 
 
 
 For the PIC6F877A, a circuit have been successfully been design and solder 

similar to the previous circuit where the use of wire are able to be reduce. But for the 

PIC6F877A, the pin connection are connected using the wrapping wire which is suitable 

for the circuit since it is operate at low voltage and the wrapping wire can stand the it. 

Figure 4.2.2 (a) and Figure 4.2.2 (b) show a complete circuit of the boost converter using 

the PIC6F877A after the completion of designing. Meanwhile, Figure 4.2.2 (c) and 

Figure 4.2.2 (d) show the circuit of PIC16F877.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2.2 (a): Top view of the circuit 
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Figure 4.2.2 (b): Bottom view of the circuit 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2.2 (c): Top view of the PIC16F877A circuit 
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Figure 4.2.2 (c): Bottom view of the PIC16F877A circuit 
 

 
 
 
 
4.3 Test Result 
 
 
 This test result will be divided into two parts since we have 2 different circuits. 

For the first part we will explain the circuit of the SG3525AN and the second part we 

will explain on the circuit of PIC6F877A. 

 
 
 
 
4.3.1 Test Result of SG3525AN 
 
 
 For the testing, the circuit is supply with 18V supply from the power supply. The 

current value also set to 0.01A which is set for safety purpose and this current value will 

be manipulate and adjusted by the power supply itself depending on the need of the 

circuit. Figure 4.3.1 (a) shows the settings of the initial value for this testing. 
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Figure 4.3.1 (a): Power supply settings 
 
 For the test result, the PWM produce by the SG3525AN obtain from pin 11 and 

pin 14 which are the output for this SG3525AN. Figure 4.3.1 (b) and Figure 4.3.1 (c) 

show the output produce by both of the output pin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.1 (b): PWM from pin 11 
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Figure 4.3.1 (c): PWM from pin 14 
 

 From both figure, it is clearly show that the PWM from the output pin are 

similarly the same which will be connected to the Power MOSFET. For both output 

pins, the frequency produce is 1.727 kHz, which has the same pulse width of 285.0 

microseconds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.1 (d): Output Voltage 
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 For the output voltage, Figure 4.3.1 (d) shows a voltage rated of 314V is 

produce. This circuit can’t be manipulated because the SG3525AN itself will produce 

the PWM that could generate a pulse to boost the input. Data can’t be shown since every 

variable are control by the SG3525AN.  

 

 Although the output didn’t reach 1000V, the circuit able to boost the input of 

18V to 314V which is 18 times larger than the input. The objective to boost the input 

achieved. 

 
 
 
 
4.3.2 Test Result of PIC16F877A 
 
 
 Similarly to the previous setting, circuit is supply with 18V supply from the 

power supply. But for the current value set to 0.31A since some additional application 

are added to the circuit. Figure 4.3.2 (a) shows the PWM pulse produce by the 

PIC16F877A which obtain from either pin 16 or pin 17. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.2 (a): PWM pulse from PIC16F877A 
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 For the analysis, 3 experiments have been done where the value of period is 

manipulated and the duty cycle also manipulates to determine which value can produce 

the target output voltage. 

 
 For the first experiment, the period is set to 255 seconds and the duty cycle is 

varied to different value. Table 4.3.2 (a) shows the result obtain from the experiment. 

 
Period  Duty 

Cycle  
V In  V Out  I In  I D  

255  5  18.3  440  0.31  0.07 

255  10  18.3  413  0.31  0.11 

255  15  18.3  394  0.31  0.15 

255  20  18.3  354  0.31  0.19 

255  25  18.3  328  0.31  0.21 

255  30  18.3  299  0.31  0.23 

 
Table 4.3.2 (a): Result of first experiment 

 
 The maximum voltage output obtained from this circuit is 440V when period is 

set to 255seconds and the duty cycle is 5 with V In of 18V and I In of 0.31A. The ID is 

0.07A. Meanwhile, for the minimum voltage output obtained from the experiment is 

299V with the same period but different duty cycle (30). The supply voltage and current 

is the same with the maximum voltage output but for the ID is 0.23A which is an 

increase from the initial. 

 

 From the result obtained, a graph of V out versus Duty Cycle is plotted. Graph 

4.3.2 (a) is plotted using the results obtained from Table 4.3.2 (a). 
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Graph 4.3.2 (a): Graph for experiment 1 

 

 For the second experiment, the period is set to 500 seconds and the duty cycle is 

varied to different value. Others parameters are fix to the same value as the initial. Table 

4.3.2 (b) shows the result obtain from the experiment. 

 

Period  Duty 

Cycle  

V In  V Out  I In  I D  

500  5  18.3  440  0.31  0.07 

500  10  18.3  439  0.31  0.12 

500  15  18.3  419  0.31  0.17 

500  20  18.3  378  0.31  0.19 

500  25  18.3  332  0.31  0.22 

500  30  18.3  297  0.31  0.24 

 

Table 4.3.2 (b): Result of second experiment 
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 Similarly to the first experiment, the maximum voltage output obtained from this 

circuit is 440V when period is set to 500 seconds and the duty cycle is 5 with V In of 

18V and I In of 0.31A. The ID is 0.07A. Meanwhile, for the minimum voltage output 

obtained from the experiment is slightly dropping compare with first experiment that is 

297V with the period of 500 seconds but different duty cycle (30). The supply voltage 

and current is the same with the maximum voltage output but for the ID, there is increase 

of it that is from 0.07A to 0.24A. 

 

 From the result obtained, a graph of V out versus Duty Cycle is plotted. Graph 

4.3.2 (b) is plotted using the results obtained from Table 4.3.2 (b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 4.3.2 (b): Graph for experiment 2 

 
 For the third experiment, the period is set to 1000 seconds and the duty cycle is 

varied to different value. Similarly to the other experiment, the value of V in and I in are 

the same Table 4.3.2 (c) shows the results obtain from the experiment. 
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Table 4.3.2 (c): Result of third experiment 
 

 For the third experiment, the maximum voltage output obtained from this circuit 

is 444V when period is set to 1000 seconds and the duty cycle is 5 with V In of 18V and 

I In of 0.31A. The ID is 0.12A which is an increase of value compare to the other 

experiment. Meanwhile, for the minimum voltage output is 290V with the period of 500 

seconds but different duty cycle (30). The supply voltage and current is the same with 

the maximum voltage output but for the ID, there is increase to 0.25A. 

 

 From the result obtained, a graph of V out versus Duty Cycle is plotted. Graph 

4.3.2 (c) is plotted using the results obtained from Table 4.3.2 (c). 

 

 

 

 

 

 

 

 

 

 

 

Graph 4.3.2 (b): Graph for experiment 3 

Period  Duty 
Cycle  

V In  V Out  I In  I D  

1000  5  18.3  444  0.31  0.12 

1000  10  18.3  402  0.31  0.20 

1000  15  18.3  398  0.31  0.24 

1000  20  18.3  360  0.31  0.06 

1000  25  18.3  348  0.31  0.17 

1000  30  18.3  290  0.31  0.25 
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 From the 3 experiment conducted, it is clearly shown that when the duty cycle is 

increase, the ID also increase because the signal from the PIC16F877A has increase and 

triggered the IRGBG30 to produce the higher voltage output. Hence, the inductor 

“pump” the current from the supply which leads to the increase value of the ID. 

 

 But the voltage value is remain below the target because of the inductor use in 

this experiment can’t provide an amount which can boost the 18V to 1000V voltage. The 

inductor can’t store the amount of current which require by the IRGBG30 to boost the 

input voltage. The increase value of ID prove that this have affected the boost converter 

which shows the amount of current needed by the IRGBG30. 

 

 Besides, the diode for this experiment also can’t meet the demand that require for 

the switching frequency of the IRFBG30, in which has affect the output voltage of this 

boost converter. When the diode already reaching it frequency limit, it will stop the 

current from flowing through it or reverse the current back. 

 

 Other affect such as losses during the current transfer may affect the circuit too. 

Besides losses during the transfer, the heat dissipation may also affect this project since 

energy did convert into heat. 
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CHAPTER 5 

 
 
 
 

CONCLUSION AND RECOMMENDATION 
 
 
 
 
5.1 Conclusion 

 

 

 The goal of this project is to design a switching power supply which is able to 

produce the DC output voltage from 18V to 1000V which operate using the PWM mode 

only. Due to errors and problems, the 1000V output can’t be obtained. But this project 

shows that using PWM applications, the output voltage can be boost higher than the 

input voltage. By varying the duty cycle of the PWM, the output voltage can be 

manipulated depending on the demands and requirement. 

 

 The Power MOSFET is similar to the transformer where both can boost the input 

voltage to the desired output. By only giving the signal that require by the Power 

MOSFET, this devices can boost the input voltage to the desired output depending on 

the signal provide by user. This can replace the use of large and conventional 

transformer. 

 

 In conclusion, the switching power supply circuit has been developed in order to 

produce the output voltage up to 100VDC. The operation of power supply circuits 

consist of Power MOSFET, inductor, high frequency diode, switcher, PWM controller, 

and microcontroller. As the result, by adjusting the PWM controller, the PWM pulse 

produce will give the variable output voltage for the boost converter to boost the input to 

desired output. 
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5.2 Recommendation 

 

 For this type of converter, it is necessary to use a high current type of diode 

because once the diode already reaching the limit, it won’t conduct or allow the current 

flow through.  

 

 It is also necessary to use an inductor which can store a high current and energy 

since the inductor acts as pump for this boost converter. 

 

 A better isolation of high voltage side and low voltage side require for this type 

of project. This is because the high voltage side could affect the other. Besides, this will 

also help to protect the circuit. 
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