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ABSTRACT

An inverter circuit by using Sinusoidal Pulse Width Modulation (SPWM)
switching schemes is developed to control the speed of single-phase AC motor and
being verified experimentally. Inverters are circuit that convert a DC source to an AC
source. DC is one type of energy found in batteries and AC is a type of energy that is
produced by the power company and found in electrical homes/offices appliances. The
application of this AC motor controller is to provide single-phase ac induction motor
less than %2 hp (372.85 W). Semiconductor device, Metal Oxide Field Effect Transistor
(MOSFET) is used as switch in the full bridge (H-bridge) inverter configuration with
unipolar voltage switching. A variable frequency output waveform is produced by the
inverter to run a motor at variable speeds that are directly proportional to this frequency.
Besides the MOSFETs as the inverter, driver for the MOSFET also very important in
this circuit development because it is use to interface between control circuits (low
voltage part) and inverter (high voltage part). Another important part in this inverter
design is PICmicro microcontroller chip that is used to provide the switching schemes to
the MOSFETs. This microchip acts as a controller circuit that produces the carrier signal
and modulating signal for the inverter. The objective of this project is to build an ac
motor speeds controller for holiday usage appliances, to simulate and analyze the single-
phase SPWM operation of the inverter switching characteristics. The Programmable
Interface Computer PIC used is PIC 18F4550 and the MOSFET driver used is IR2110.
At the end of this project, the SPWM output is developed from the controller circuit and
applied to the driver circuit and the inverter, and hence can be used to control the speed

of the AC motor.
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ABSTRAK

Litar penyongsang dengan menggunakan teknik pemodulatan lebar denyut sinus
(SPWM), aturan pensuisan dibina untuk mengawal kelajuan AC fasa tunggal motor dan
dibuktikan secara ujikaji. Litar pengongsang adalah litar yang menukarkan sumber arus
terus (DC) kepada sumber arus ulang-alik (AC). DC adalah salah suatu tenaga yang
boleh dijumpai di dalam bateri (dihasilkan oleh bateri) dan AC pula adalah sumber
tenaga yang dihasilkan oleh syarikat pembekalan kuasa dan digunakan oleh alatan
elektrik rumah ataupun pejabat. Aplikasi pengawal AC motor ini adalah untuk
menyediakan ac motor teraruh fasa tunggal kurang daripada ' hp (372.85 W). Alat
separa pengalir, Metal Oxide Field Effect Transistor (MOSFET) digunakan sebagai suis
di dalam topologi litar penyongsang tetimbang penuh (full-bridge/ H-bridge) dengan
pensuisan unipolar. Gelombang keluaran dengan frekuensi yang berlainan dihasilkan
oleh penyongsang untuk menggerakkan motor dengan kelajuan yang berkadar terus
dengan frekuensi tersebut. Selain daripada MOSFET yang bertindak sebagai, pemacu
MOSFET juga sangat penting dalam pembangunan litar ini kerana ia digunakan sebagai
perantaraan antara litar pengawal (voltan rendah) dan penyongsang (voltan tinggi).
Suatu lagi bahagian penting di dalam rekaan penyongsang ini adalah
mikroPIC,mikropengawal yang digunakan untuk menghasilkan aturan pensuisan kepada
MOSFET. Cip mikro ini bertindak sebagai litar pengawal yang menghasilkan isyarat
pembawa dan isyarat pemodulat kepada penyongsang. Objektif projek ini adalah untuk
merekabentuk litar.mesimulasi dan menganalisa sifat pensuisan penyongsang bagi
operasi SPWM fasa tunggal. Programmable Interface Computer (PIC) mikropengawal
yang digunakan adalah PIC 18F4450 dan pemacu MOSFET pula adalah IR2110. Pada
akhir projek ini, keluaran SPWM telah berjaya dikeluarkan dari PIC mikropengawal dan
diaplkasikan kepada litar pengawal dan penyongsang yang boleh digunakan untuk

mengawal kelajuan motor AC.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

This chapter will mainly discuss about type of inverters and the basic
operation and also the advantages of the SPWM inverter compares to other type of

inverter. The objectives, scopes and thesis outline also presented in this chapter.

1.2 OVERVIEW OF THE PROJECT

Inverters are circuits that convert DC to AC. It transfers power from DC
source to AC load. The mainly purpose of designing the inverter is to create an AC
voltage when only a DC voltage source is available. There are many types of
inverters, such as half wave inverter and full wave inverter and they are also can be

designed to be single-phase full-bridge (H-bridge) inverter, two-phase inverter and



three-phase inverter. The switching schemes that can be produce from full wave
inverter are square wave (SW), quasi-square wave (QWS)/modified sine wave and

pulse width modulation technique.

The proposed of this project is how to develop a sinusoidal pulse width
modulation inverter to control the speed of single phase motor. Square wave
inverter has a high harmonic output, which can lead the equipment component to
overheat, so no longer relevant for modern use. The modified square wave inverter
is designed to have better characteristics than square wave inverter, but it is still
cannot give a perfect electrical as pure sine wave. Pulse width modulation (PWM)

provides a way to decrease the total harmonic distortion (THD) of load current.

In PWM, the amplitude of the output voltage can be controlled width the
modulating waveforms. Reduced filter requirements to decrease harmonics and the
control of the output voltage amplitude are two distinct advantages of PWM. The
SPWM inverter is the generation of PWM outputs with sine wave as the modulating
signal and triangular wave as carrier signal. The on and off occurrence are
determined by comparing sinusoidal (modulating) wave with triangular (carrier)
wave. The sine waves determine the frequency of the output waveform while the

carrier signal determine the switching frequency of the MOSFET.

SPWM technique with filter can produce true sine wave output; hence

make it compatible with all AC equipments including the sensitive equipments.



1.3

OBJECTIVES OF THE PROJECT

The objectives of this project are :

1l

1il.

1.4

Develop SPWM Inverter for single phase ac motor application that
generates 240Vrms, 5S0Hz and % hp.

Develop an open loop system by using PIC microcontroller to produce
SPWM pulse to control speed of motor.

Design circuit, simulate and analyze the switching characteristics of

sinusoidal pulse width modulated inverter.

SCOPES OF THE PROJECT

The scopes of the projects are;

L.
1l.

1il.

To design SPWM inverter to control the speed of single phase motor.
PIC microcontroller is used to control the switching process.
ORCAD Pspice program is used to design and simulate the SPWM

inverter circuit.



1.5 THESIS OUTLINE

Chapter 1 explains the operation of an inverter and advantages of SPWM
method. The overview of project objectives and project scopes also discuss in this

chapter.

Chapter 2 focuses on the literature review that related to this project. The
inverter design, driver circuit, theory and also the calculation which is involved in the

design and the PIC microcontroller are explain more detail

Chapter 3 discusses about methodology of this project. This chapter also discuss
about overall circuit design and the system work. The software used and the source

codes of how to generate SPWM from PIC is explained.

Chapter 4 explains and discusses all the results obtained and the analysis of the
overall project. The comparisons of Pspice simulation’s results and hardware results are

explain more detail.

Chapter 5 discusses the conclusion of the SPWM method that is implemented
into the project. This chapter also gives the recommendation about the future
development of the inverter projects by making some additional featured to the circuit

and the software coding.



CHAPTER 2

THEORY AND LITERATURE REVIEW

2.1 AC Motor and Loads

An inverter is an electronic device which inverts DC energy (the type of energy
found in batteries) into AC energy. Household appliances such as refrigerators, TVs ,
lighting, stereos, computer etc., all run off of AC electricity [?]. An AC motor is an
electric motor that is driven by an alternating current. The motor is connected to the
mains through an AC switch. The AC voltage varies across the motor in phase control
mode by means of a microcontroller, which sets the triggering time. The application
example of AC motor load is vacuum cleaner, washing machines power tools and food

Processors.

Besides that, small single-phase AC motors are usually used to power
mechanical clocks, audio turntables, and tape drives; formerly they were also much used
in accurate timing instruments such as strip-chart recorders or telescope drive

mechanisms [a].



2.2 Inverters

There are many type of inverters have been developed. But the most common
inverters and are square wave inverter, modified square wave inverter and pure sine

wave inverter.

Mobility and versatility have become a must for the fast-paced society today. People can
no longer afford to be tied down to a fixed power source location when using their
equipments. Overcoming the obstacle of fixed power has led to the invention of DC/AC
power inverters. While the position of power inverter in the market is relatively well

established, there are several features that can be improved upon.

A comparison analysis of the different power inverter has been compiled. Aside
from the differences in power wattage, cost per wattage, efficiency and harmonic
contend, power inverters can be categorized into three groups: square wave, modified

sine wave, and pure sine wave.

2.2.1 Square Wave Inverter

Power inverters of first designed are inverters using a square wave as the output form.
This led to many different problems involving the functionality of devices that were being
powered because they were designed to work with a sine wave instead of a square wave. These
old-fashioned inverters are the cheapest to make, but the hardest to use. They just flip

the voltage from plus to minus creating a square waveform. They are not very efficient



because the square wave has a lot of power in higher harmonics that cannot be used by

many appliances.

2.2.2 Modified Square Wave Inverter

The modified sine wave is designed to minimize the power in the harmonics
while still being cheap to make. There were some changes made to the hardware to
eliminate the harsh corners from the square wave to transform it to a “modified sine
wave”. Modified square wave can have detrimental effects on electrical loads. First of
all, abnormal heat will be produced, causing a reduction in product reliability,
efficiency, and useful life. Another disadvantage of a “modified sine wave” is that its
choppy waveform can confuse the operation of some digital timing devices. This can
cause a device to perform undesirable or abnormal functions. Also, nearly 5 % of

household electronics will not even work with a modified sine wave.

Appliances that are known to have problems with the modified sine wave are
some digital clocks, some battery chargers, light dimmers, some battery operated
gadgets that recharge in an AC recepticle, some chargers for hand tools (Makita is
known to have this problem). In the case of hand tools, the problem chargers usually
have a warning label stating that dangerous voltages are present at the battery terminals

when charging.



2.2.3  Pure Sine Wave Inverter

A pure sine wave inverter produces power that is exactly like the power which is
produced by the utility company without the spikes and brownout of course. This type of
inverter produces pure sine waves at the cost of some efficiency loss and at a much
higher price compares to modified sine wave inverter. In fact, most pure sine wave
inverters are typically priced at least 75% higher than their modified sine wave

counterparts [2].

Modulation techniques are used in inverter to regulate output voltage/current.
The type of pulse width modulation technique used decides the switching losses in the
inverter, harmonic contents in output waveform, and overall performance of the inverter.
Sine wave pulse width modulation (SPWM) is most widely used scheme due to its

simplicity and better output profile.

Pulse width modulation (PWM) is a powerful technique for controlling analog
circuits with a microprocessor's digital outputs. PWM is employed in a wide variety of
applications, ranging from measurement and communications to power control and

conversion [2].

Control of the switches for sinusoidal PWM requires (1) a reference signal,
sometimes called a modulating or control signal, which is a sinusoid in this case; and (2)

a carrier signal, which is a triangular wave that controls the switching frequency [1].

In Sinusoidal Pulse Width Modulation, SPWM, multiple pulses are generated,

each having different width time. The width of each pulse is varied in proportion to the



instantaneous integrated value of the required fundamental component at the time of its
event. In other words, the pulse width becomes a sinusoidal function of the angular
position. The repetition frequency of the output voltage will be a frequency higher than
the fundamental. In applying SPWM, the lower order harmonics of the modulated
voltage wave are highly reduced in contrast to the use of uniform pulse width

modulation [5].

2.2.3.1 SPWM Inverter — Bipolar Switching

The graph below shows the harmonic distortion that occurs by using bipolar
PWM switching. Bipolar PWM output contains either +V or —V always. Because the
transition switching involving peak to peak value, hence switching harmonic content in
this scheme is more. In addition, the switching harmonic content is the highest when the
PWM is trying to generate zero volt output after the averaging filter.It is difficult to
synthesise good 'zero crossings' in a bipolar scheme unless heavy filtering(with

consequent degradation in response time) is used.

1.0-
0.8
Vs 0.6
0.4

0.21

Fundamental m; 2mg 3mg dm, Sm O,
nth harmonics

Harmenics spectrum of Bipolar PW voltage cutput with MI=1.0

Figure 2.1 : Harmonics Spectrum of Bipolar SPWM
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2.2.3.2 SPWM Inverter — Unipolar Switching

The graph below shows the harmonic distortion that occurs with using unipolar
PWM switching. Unipolar PWM uses +V and zero to make positive outputs and —V and
0 to make negative outputs. Switching Harmonic Content in this case will be small and

will be zero at zero crossings

1.0 1

0.8
I"u 0.6

0.2

Fundamental 2m, dm Om ¢
) 1 harmonics
Harmonics spectrum of unipolar SPW voltage output

Figure 2.2 : Harmonics Spectrum of Unipolar SPWM

By comparing to the both harmonics spectrum of the swichings, it is best to
apply the unipolar switching where the lower the THD current the better the output

waveform.




11

2.3 PIC Microcontroller

A microcontroller is a single chip computer. Micro suggests that the
device is small, and controller suggests that the device can be used in control
applications. Another term used for microcontroller is embedded controller, since most

of the microcontrollers are built into ( or embedded in) the devices they control [6].

Microcontroller is general purpose microprocessor which has additional parts
that allow them to control external devices. Basically, a microcontroller executes a user

program which is loaded in its program memory. [6]

The reason for using microcontroller is general purpose microprocessor which
has additional parts that allow them to control external devices. Basically, a

microcontroller executes a user program which is loaded in its program memory.

Instead of using the microcontroller, PIC type of microcontroller architecture is
distinctively minimalist. PIC microcontroller is the name for the microchip
microcontroller (MCU) family, consisting of a microprocessor, I/O ports, timer (s) and

other internal, integrated hardware. [6] It is characterized by the following features:

(1) Separate code and data spaces.

(i1) A small number of fixed length instructions.

(111))  Most instructions are single cycle execution (4 clock cycles), with single
delay cycles upon branches and skips.

(iv) A single accumulator (W), the use of which (as source operand) is

implied
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(V) All RAM locations function as registers as both source and/or destination
of math and other functions.

(vi) A hardware stack for storing return addresses.

(vil) A fairly small amount of addressable data space (typically 256 bytes),
extended through banking.

(viii) Data space mapped CPU, port, and peripheral registers.

(ix)  The program counter is also mapped into the data space and writable

(this is used to synthesize indirect jumps).

PIC is a family of Harvard architecture microcontrollers made by Microchip
Technology, derived from the PIC1640 originally developed by General Instrument's
Microelectronics Division. The name PIC initially referred to "Programmable
Interface Controller", but shortly thereafter was renamed "Programmable Intelligent

Computer" [7].

The PICs architecture has no (or very meager) hardware support for saving
processor state when servicing interrupts. The 18 series improved this situation by
implementing shadow registers which save several important registers during an

interrupt. The PICs architecture may be criticized on a few important points:

(1) The few instructions, limited addressing modes, code obfuscations due to
the "skip" instruction and accumulator register passing makes it difficult to
program in assembly language, and resulting code difficult to comprehend. This
drawback has been alleviated by the increasing availability of high level

language compilers.
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(i)  Data stored in program memory is space inefficient and/or time

consuming to access, as it is not directly addressable.

2.3.1 PIC18F4550

Figure below shows the pin configuration of PIC18F4550. there were 40 pins with

variable input /output configuration.

WMCLAN==/RE} — [ ‘ol 4g[] ~— RETKBINPGD

1
RANAND w—e]2 34 [] =— RBEKBIZPGC
RATAN =+—=[]3 38 [ =—= RBSKEINPEM
RAZANZNVRE=-ICVREF O+ 37 [] =—= RB4/ANI1KBINICSSPR
RALANIVREF+ a—e[]5 98 [] +— RBIANHCCPZVRD
RAHTOCEVCIOUTIRCY a—s[J 8 35 [] =— RBZIANSINT2ZVMO

RAS/AN4/SSIHLYDINICZOUT =—[]
REDIAMSICK1SPR -—]

34 [ =— RETANI0INT1/SCKISCL
33 [ =— RENANIZINTOFLTOISDISDA

[==]

i
REVANBICKIZPR =—e[]10 9 E 320 =— Ve
REVANTIOESPP +—s[]10 o = 31 [ =——Vez
VoD — 11 e 30 [] =—= ROTISPRTFID
Va2 — w12 oy 200 =— RDBSPRERIC
OSCUCLKl —=[12 & o 23 [] «—= ROS/SPPER1E
OSCUCLKORAR [ 14 97 [] «—= RO4/EFPY
RCOTIOSOTIICK] =—e 15 28 [] =—e RCTIRNOTIS00
RC1T10SUCCP2MUDE w—a ] 18 95 [ «— ROBITHICK
RCZCCPUPIA -——se[]17 94 []=—s RCED+VP
Yugzg =—=[] 142 23 [] =—= RC4/0-VM
ROUSPPD =[] 12 29 [] == RD3SPP2
RDASPP1 =—e [ 20 21 [] =—= RO2/ZPRZ

Figure 2.3 : PIC 18F4550 Pins Configuration



2.3.2 PIC18F4550 Peripherals

Table 2.1 shows some of its important parameters and features.

Table 2.1 : PIC 18F4550 features

Parameter Name | Value

Program Memory Type Flash
Program Memory Size (Kbytes) 32
RAM 2,048
Data EEPROM (bytes) 256
/O 35

Full Speed USB 2.0 (12Mbit/s) interface
1 1K byte Dual Port RAM + 1K byte GP RAM
] Full Speed Transceiver

16 Endpoints (IN/OUT)

J

Streaming Port

Internal Pull Up resistors (D+/D-)

48 MHz performance (12 MIPS)
Pin-to-pin compatible with PIC16C7X5




15

24 Half Bridge Inverter Topology

The half-bridge converter of Figure 2.4 can be used as an inverter. The number
of switches is reduced to two by dividing the dc source voltage into two parts with the
capacitors. Each capacitor will be the same value and will have voltage Vdc/2 across it.
When sl is closed, the load voltage is —Vdc/2. when s2 is closed, the load voltage is
+Vdc/2. Thus, a square wave output or a bipolar pulse width modulated output can be

produced [1].

Wdo ——

+ %o -

Figure 2.4 : Half-Bridge Inverter Circuit

2.5 Full Bridge Inverter Topology

Full bridge inverter is given the best topology to design a single-phase power
inverter. By using power transistor such as IGBT or MOSFET it can give better output
voltage than half bridge inverter. Figure 2.3 shows how the connection of full-bridge is

made by using power transistor and PIC as a digital controller circuit.
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+ | ] I—I
TI ol ': jul
Vide Voutput

DEIVER CTRUTTT p— PIC
PYWM CONTROLLER,

Figure 2.5 : Full Bridge Inverter Circuit

The circuit shows the full-bridge inverter with switches implemented as bipolar
junction transistors with feedback diodes. Power semiconductor modules usually include

feedback diodes with the switches [1].




CHAPTER 3

METHODOLOGY

3.1 Overview

This chapter explains how the software and hardware of this project is developed
using the right procedures. Basically the hardware tools developed in this project not
have many different from the previous project except for the part of PIC microcontroller
circuit where the addition of analog controller has been made and the type of PIC itself
has been changed to a better one with more advantages on it. Before going further
through this report, let’s look up the general idea of this project through the block

diagram below.
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Figure 3.1: Basic Block diagram of the Project

Figure 3.1 shows the basic block diagram of the whole project. The design will

accomplish through the use of high frequency switching and implementation of a

microprocessor to digitally pulse our transistors. The PIC will give pulses that needed to

drive the drivers hence control the switching scheme of the full-bridge inverter. The

output of the load in the diagram is the speed of the motor.
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3.2 Overall System Design

Design Specifications

Input Voltage : <300 Vpc

Output Voltage : Single-phase 240V c RMS

Output Frequency : 40Hz , 50Hz and 60Hz

Output Power Range : >500Watts

Switching Frequency : Variable frequency, Variable dutycycle
PIC Controls : PIC 18F4550

The design specification above has many different compare to the previous design
specification, although the hardware use is the same configuration. The frequency and

duty cycle are variables in order to get the variable output frequency from the inverter.

3.3 SPWM Inverter

Spwm inverter is a better approach in designing an AC output compare to the

square wave inverter and modified square wave inverter.
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3.3.1 Theoretical operation of SPWM inverter

In SPWM inverter, the output voltage signal can be obtained by comparing a
control signal, cont v , against a sinusoidal reference signal, ref v , at the desired
frequency as shown in Fig 3.3 At the first half of the output period, output voltage takes
a positive value (+ dc V'), whenever the reference signal is greater than the control
signal. At the same way, at the second half of the output period, the output voltage takes

a negative value (- dc V') whenever the reference signal is less than the control signal

[5].

The control frequency cont f determines the number of pulses per half of cycle
for the output voltage signal. Also, the output frequency Oy is determined by the
reference frequency ref f. The modulation index Ma is defined as the ratio between the

sinusoidal magnitude and the control signal magnitude [5].

To obtain a vary train of pulses, each pulse has to vary proportional to the
necessary fundamental component precisely at the time when this pulse occurs. The
frequency of the output waveform needs to be higher than the frequency of the
fundamental component. By varying the width of each pulse, the inverter is able to

produce different levels of output voltage for the corresponding pulse event [5].
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Figure 3.2 : Full Bridge Inverter

By referring to the Figure 3.2 above, we can apply unipolar switching scheme by

control the switch as follows :

S1 is on when vsine> V tri
S2 is on when —v sine< v tri
S1 is on when -vsine> V tri

S2 is on when Vv sine< Vv tri
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Na

Figure 3.3 : Input and Output of unipolar SPWM Inverter.

3.3.2 PWM input/output

Pulse width modulation (PWM) analog signal can be used to pass analog data
from a digital device. By varying wide pulses to indicate the actual voltage value, it is
repeating signal that is on for a set period of time that is proportional to the voltage
output. The higher the ratio of the pulse width to the periode ( duty cycle), the more

power deliver to the motor.

The inverter synthesizes an AC sine wave from the DC by the switching

intervals. The small signal waveform from the PWM shapes the high voltage sinusoidal
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output waveforms that run the motor. The variable width pulses from the PWM also
control the duration and frequency that the switches turn on and off. Frequency of carrier
signal, also determine the resulting number of square notches in the output of the
inverter. The amplitude of the synthesized sine wave is determined by the width of the
resulting square wave. The relatives’ widths of these square waves represent the applied

voltage.

3.3.3 Strategy to Develop SPWM Switching Schemes

There are many ways to produce variable pulse width modulation besides using
typical way, which is by comparing the reference signal with the modulation signal.
Figures below will show you how to produce SPWM output. This method is a more

straight forward way which still have many advantages.

Y
10000 .
F Y
|-"|:.~. |-| "-:'a
T

IO .
I

Figure 3.4: The switching signals; (a) Channel 1, (b) channel 2 and (c) the expected
unipolar SPWM
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Figure 3.5: Graphical view of the switching pulses

The switching signals as shown in Fig. (a) and (b) are the desired SPWM signal
for channel 1 and channel 2 respectively. Each channel is used to control a pair of
inverter switches. The resultant output from a bridge inverter is shown in Fig. lc.
Designing switching pulses with high changes flexibility is the challenge in order to get

the best approximation of the sinusoidal signal.

Each channel contributes half cycle of the inverter output waveform as illustrated
in Fig. 3.4. This method eliminates the use of electronics component to generate the

switching signals.

3.3.4 Design Method

The number of pulses, the switching time and the duty cycle generation are
summarized in Table 1. The period for each cycle is fixed at certain calculated value and

the duty cycle are then associated with the corresponding duty cycle. The switching




25

pulse characteristics as shown in Fig. 3.5 illustrates graphically the design strategy used

to generate the single channel SPWM switching pulses.

Time t1 represent the time for the predetermined duty cycle as tabulated in Table
1 is loaded. This next cycle is followed by t2 and this cycle continuous until the last
cycle, t9. Then the dead time for the channel 1 switching pulse is loaded. The dead time
is set as 1 ms which is acceptable for various types of power transistor. Typically, the
switching devices consume only a few nanoseconds to operate as a switch. This delay
time is necessary to avoid the damage on the inverter circuit during the switching pair
transition. This cycle produce half cycle of the inverter output waveform with eight
switching pulses. The channel 2 then produces another cycle sequentially. This cycle
again produce eight pulses. The total time and for the full cycle is then calculated as

follow:

No. of switching pulses = 19 pulses x 1ms = 19.00ms
Total time + dead time = 20 pulses x Ims = 20.00ms

Output Frequency = 50.0 Hz.

This approach shall produce the desired frequency, duty cycle and the number of
pulses. Table 2 summarized all the calculated parameters. However, this is only the
initial calculation on how to determine the duty cycle. The details on how the programs

of the program works will be present on the next sub.



Table 3.1 : Early calculation of duty cycle

TIME Duty Cycle %
Pin 1 Pin 2 Period of both Output

pin frequency

t1 68 40

2 80 20 1.25ms x 16=

3 92 12 20ms.

t4 72 28 1.25m

t5 40 68 f=1/20m=

t6 20 80 50 Hz

t7 12 92

t8 28 72

3.4  Hardware Design

26

The hardware design is divided into 4 parts. The power supply design, PIC

microcontroller design, MOSFET driver design and Inverter design. Before the

hardware has been developed, the simulation part of every circuit also has been made so

that the circuit design will be in the right connection



Microcontroller

. .
............................................

Figure 3.6: The full picture of hardware

27

Mosfet driver
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3.4.1 Power Supply Design

u21
| FE157 09
2 5 oae
TH2 1 = L un YOUT —=—— 18
L, g D3 & Df c
V3 C =
WOF=0 (T B = - e G | cm
YANPL = 240 Y 2 N o 0 =
FREQ = 50 ) - 47
I ,T\ D4 5 Da
o —» =+ > GRCUND

Figure 3.7: Power supply circuit

The power supply is developed by using full bridge rectifier and regulator to
convert AC power supply to DC. This power supply is used as a replacement of battery
that been used as a supply in UPS. This supply produces two voltages at the output, one
is 5V and the other is 15V. The voltage is step down by power transformer from
240Vrms socket supply to 20Vrms and 12Vrms. The step down AC voltage been
rectified by bridge rectifier and then voltage regulator LM7805 and LM7815 been used
to regulate and stabilize the voltage at the output of the power supply. The 5V voltage is
used to supply control circuit that contain PIC microcontroller and the 15V voltage is

used to supply MOSFET driver circuit.

3.4.2 PIC Microcontroller Circuit Design

The microcontroller that used in designing the switching controller is 18F4550
and the crystal used is 20MHz. This PIC is chosen because it can generate high
switching pulses and easy to get in the market. The high frequency crystal is used so it
can support high switching pulses that can be used in further improvement of the
inverter. The output pin used in this design is pin 33 and pin 34 and the input is in pin 2.

The more detail about the software development is explained in the software parts.
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3.4.3 Driver Design

In this part, there are two drivers being used. Each driver takes one PWM signal
as input and produces two PWM outputs, one being complementary to the other. These
two signals are used to drive one half bridge of the inverter: one to the upper switch, the

other to the lower switch. The driver also adds a fixed dead time between the two PWM

signals.
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Figure 3.8: IR2110 MOSFET driver circuit

The IR2110 MOSFET gate driver chips play two vital roles in creating drive
pulses suitable for operation of a full-bridge inverter circuit. First of all, the IR2110’s
amplify the 5-volt logic signals output by the microcontroller to obtain a 15 volt signal
necessary to fully turn on the gate of the full-bridge circuit. A gate drive pulse of less
than 10 volts could result in excessive heating which occurs when the MOSFET is
driven are operating in the linear mode of operation, which by the physical MOSFET

construction, happens to be the most resistive regions of operation.
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The other role played by the IR2110 chips is to provide electrical isolation
between the upper control pulses and the upper gate of the full-bridge inverter circuit.
Electrical isolation is extremely important in biasing the upper full-bridge gate with the
appropriate drive signal voltages. Without proper electrical isolation, the upper gate
would be considered “floating”. In other words, the upper full-bridge MOSFETs would
have a gate-to-source voltage ranging from 0 VDC to 340 VDC because they are not

directly referenced to ground potential.

The IR2110 gate driver chips provide electrical isolation by inserting a capacitor
and diode, also known as a “bootstrap supply”, are shown in Figure 3.9 below. When Vs
is pulled down to ground (either through the low side FET or the load, depending on the
circuit configuration), the bootstrap capacitor (Cbs) charges through the bootstrap diode
(Dbs) from the 15 Vcce supply. This provides a supply to Vbs.

Dbs

N

CONTROL
IC

To Low Side
FET or Load

Figure 3.9: Bootstrap diode/capacitor circuit used with IR 2110 control IC’s
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3.4.3.1 Calculating Bootstrap Capacitor Value

The following equation gives the minimum charge which needs to be supplied by the

capacitor:

I

gbs{max) I:bs"_ leak.

(3.2)

Q. = Gate charge of high side FET (refer to IRFP450 datasheet)

f = frequency of operation

Lepsaeaky = Bootstrap capacitor leakage current (neglected if using ceramic capacitor)

O;s = level shift charge required per cycle = 5nC (500V/600V IC’s) or 20nC (1200V
IC’s)

230u 0

50

Qs = 2(75n) +

= 4.755ul

The bootstrap capacitor must be able to supply the charge given by equation 3.2
and retain its full voltage. Otherwise, there will be a significant amount of ripple on the
Vbs voltage which could cause the Ho output to stop functioning. Therefore, the charge
in the Cbs capacitor must be a minimum of twice the value given by equation 3.2. The

minimum capacitor value can be calculated from the equation 3.3 below:

C=— . - . (3.3)

Where:
Vy=Forward voltage drop across the bootstrap diode (refer to BYV29-500 datasheet)
Vis = Voltage drop across the low side FET (Vgp in IRFP450 datasheet)
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Vin = Minimum voltage between Vg and Vs (minimum Vggyy. in IR2110 datasheet)

2[4.755u)
T15—-1-14-7

> 1.698uF

The Cys Capacitor value obtained from the above equation above is the absolute
minimum required, however due to the nature of the bootstrap circuit operation, a low
value capacitor can lead to overcharging, which could in turn damage the IC. Therefore
to minimize the risk of overcharging and further reduce ripple on the Vi, voltage the Cys
value obtained from the above equation should be should be multiplied by a factor of 15

(rule of thumb).

S
W

new = 1.698uF X 15

= 2547uF

= 47uF (nearest available value)

3.4.3.2Selecting Bootstrap Diode

The bootstrap diode (Dys) needs to be able to block the full power rail voltage,
which is seen when the high side device is switched on. It must be a fast recovery device
to minimize the amount of charge fed back from the bootstrap capacitor into the Vg
supply, and similarly the high temperature reverse leakage current would be important if
the capacitor has to store charge for long periods of time. There BYV29 — 500 is chosen

because of the following characteristics listed on the table below:
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Table 3.2 : Diode Characteristics

Max / min wanted Characteristics BYV29 -500
VrrM = Power rail voltage Vrrm =500V
>400 V
Maximum t, = 100 ns tr < 60ns
< 100ns
[F=Qpsx f
=4.755uC x 50Hz I[F=9A
=0.238 mA

3.4.3.3 IR2110 Circuit Layout Considerations

For the layout of IR2110 circuit, the bootstrap capacitor is placed closed to the
pins of the IC (as shown in Figure 3.10). At least one low ESR capacitor should be used
to provide good local decoupling. If an aluminium electrolytic capacitor is used for the
bootstap capacitor, a separate ceramic capacitor need to be placed close to the IC. If the
bootstap capacitor is a ceramic or tantalum type, the capacitor alone should be sufficient

as the local decoupling.

R
+
1
CONTROL c2
IC

Figure 3.10: Recommended layout of the Bootstrap Component
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3.4.4 Inverter Design

There are 3 main type of inverter in the market today. The most simple and
cheapest type is square wave inverter, the improved version of square wave inverter is a
modified square wave inverter, the best and most expensive type is true sine wave
inverter. Through the development, the design inverter of this project is true sine inverter

by using full-bridge inverter confihguration ( H-Bridge).

The full-bridge inverter used for this project is very simple to construct because
it only consists 4 switches, as shown in Figure 3.11. The function of the full-bridge
inverter is to convert 340 VDC from supply into 240Vrms with variable frequency. The
gate chosen for the full-bridge inverter circuit are IRFP450’s. The IRFP450 MOSFET
are chosen because they have appropriate voltage and current ratings (Vps max = S00V, Ip

max = 14A). This is suitable for high switching frequency.

G1 3 k'_-f G2 >>—{ r—:
IRFP450 | IRFP450 |
W1 gt SH>—t 92 H>——m1
340 =

T APy

300
G3 L: G4 >>—{ |—:
IRFP450 | IRFP45 |
g3 H>— W o>t

=0

Figure 3.11: Full-bridge inverter
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The two PWM pulses produced by the microcontroller circuit are fed into the
full-bridge inverter. One signal is sent in parallel to MOSFET gate G1 and G4. The other
signal is sent in parallel to MOSFET gate G2 and G3. The signal programmed in the
microcontroller will allow for MOSFET gate G1 and G4 to be ON while MOSFET gate
G2 and G3 are OFF, and vice versa.

There is no load applied in this design, but the output could be check by using
oscilloscope. The actual value of power that can be sustained by the designed inverter

can sustain up to S00W.

3.4.4.1 Low-Pass Filter

In addition, for a better frequency and voltage output a low- pass filter is also
developed. It can be used to eliminate any frequency that higher than cutoff frequency.

Low-pass filter can result a great reduction of the inverter output harmonics and
hence provide clean power for the load. The filter is inserted after the output of full-
bridge inverter in order to eliminate any frequency higher than cutoff frequency. The
cutoff frequency can be calculated by using following formula:

C chosen = 100u

f =50 Hz
f _ 1
cutaff ZT‘I\."’E

1 2
L= _
27 X flurors XNC

(=)
2m % 50 % +/100u
=101.3 mH
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Although the frequency is changed between 40 Hz,50 Hz and 60 Hz, the value

of the calculated inductor is still could be accepted.

L3
® vy y
Output 101.3m Ci é R
- =
. mnuw 300
L

Figure 3.12: L-C low-pass filter schematic

The Figure 3.12 shown is the configuration of L-C filter. The capacitor is placed

parallel with load and the inductor is placed series with capacitor and load.

3.5 Software Development

It is important to know that the software development playing the significant role

in this project. let seen some important features and methods used to program the PIC.
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3.5.1 PIC18F4550 Microcontroller Structure

A PIC microcontroller is used as a brain in this circuit. Microcontroller that is
chosen is PIC18F4550. This is because, PIC18{4550 offers the advantages of all PIC18
microcontrollers where they are namely, high computational performance at an
economical price with the addition of high endurance, Enhanced Flash program
memory. In addition to this feature, the PIC18F4550 family introduces design
enhancements that make these microcontrollers a logical choice for many high-
performances, power sensitive applications. It has large amounts of RAM memory for
buffering and Enhanced Flash program memory make it ideal for embedded control and
monitoring applications that require periodic connection with a (legacy free) personal

computer via USB for data upload/download and/or firmware updates.

2E
21

L2
L4
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Figure 3.13: Basic schematic diagram of 18F4550
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Figure 3.14: Additional circuit of 18F4550

Figure A shows the basic schematic diagram of any pic should be designed
(connection of ground (Vss) and +5V (Vdd) while figure B shows the input and output
connection of the pic. A 2k ohm variable resistor / potentiometer control the input

(ADC) and the output is SPWM1 and SPWM2.

HSECESOET Osclianor Enabie =
PLL Enable :|—
{from COMFIG1H Raglster)

2nase
T Csdlalor| Fiy  Comparator
oz | 2 — -
-r_é_F'::-caer Foy

Figure 3.15: PLL block diagram (HS mode)
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In this project, crystal value of 20 MHz is used. The crystal frequency for 8§ MHz
and 20 MHz are on HS type. Figure C explain the internal circuit built in the PIC
Microcontroller about PLL for HS mode. The HSPLL, ECPLL and ECPIO modes make
use of the HS mode oscillator for frequencies up to 48 MHz. The prescaler divides the
oscillator input by up to 12 to produce the 4 MHz drive for the PLL. The XTPLL mode
can only use an input frequency of 4 MHz which is drives the PLL by default.

3.5.2 PIC18F4550 Microcontroller Interface

A 4

POTENTIOME
TER PIC 18F4550

SPWMI1

A 4

A 4

SPWM?2

Figure 3.16 : Block diagram of PIC controller

Figure 3.12 shows how PIC 184550 is used as the controller circuit in the
SPWM development that will be fed into the full bridge inverter. Potentiometer in this
circuit is used as the analog input. By vary the potentiometer, at certain point the
program will execute at the specific data register and then the output pulses are varied by
this way. By controlling the potentiometer, the program will execute in three different
phases (40Hz, 50Hz and 60Hz). The detail of the program will be discussed on Chapter
4.
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Analog input
(potentiometer)
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Control circuit
(PIC)
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Analog to digital
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Execute Program

SPWM1 SPWM?2

\ 4

Driver Circuit

\ 4

Inverter Circuit

SPWM
(unipolar)
output

Figure 3.17 : Flow chart of software and hardware interface
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3.5.3 PIC18F4550 Microcontroller Programming

In order to interface the hardware with the electronic equipment, the following
tools are usually required in a PIC microcontroller based project development.These
software run on a PC to develop applications for Microchip microcontrollers. The
program is written in a text editor named Microcode Studio and the compiler is known
as PicBasic Pro Compilers. To complete them, a PIC programmer device software is

used. Below are the steps on how to develop the project using this software:

3.5.4.1 Writing program in microcode studio.

Corle Fepiorer * 3 | 23 | 5 Lntided | =l spor | 5] sRUZE | BRUZE
= Includes "* lotes 3 ) *
=1 [ Deflines i g +
@ rer TAAAAAAAAA s AATAAAAAA L AATAADAAAAAAD AN AAAAAD  AADTAADAAA L AAJAATAAAAA
B ADC_BITS
[B ADC_cLock DEFINE cso 20
O AN _SAMPH
) Conckants DEFTHE ADC EBITS 8
=t [ Waricbies DEFIHNE AD( CLOCIE J
M rometar DEFINE sDC SaMPLELS Z0
I3 Alas ard Modifis
L Symbuls ADCCNL = #C02011-0 'set use A0 dia confijure functions of ports pin
=k |3 | #hes ALCONO = 11300001 'set which port is used dia control operation of 4750 module
| B main
L el TRIAD.1 = C fpinm Fd
B rwnz YHIEH.O = C ‘pin 33
B pen3 TRI&A. 0=1 'IRNPUT FERDBELCK to set the port direction
L pn ot

pomete: VAFE WORD

main;:

LDCIN 0,pometer

IF pometer=255 THEW 'outpus of £9kz
COSUE puanl

GOSUB prms

ENDIF

IF pometecr= 1 THEH '/ 5 50 bz
GOSUB pum3

CGOSUB praud

EHDII

IF pometer = 1Z7 THEF ‘osp 40 k=
GOSUB puaud

GOSUD  pwms

Figure 3.18: Earlier program of ADC controller in PIC
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ADCIN channel, var ( ADCIN 0,pometer) is used to read the on-chip analog to

digital converter channel and store the result in the variable (Var) . While the ADC

registers can be accessed directly, ADCIN makes the process a little easier. Before

ADCIN can be used, the appropriate TRIS register must be set to make the desired pins

inputs. ADCONT is set to assign the desired pins to analog inputs and in some cases to

set the result format and clock source.

3.5.3.2 Compile the program

-, meProg - Configuration

FLL Prescaler /5 [20 MHz)

System Clock Postzcaler 214

JSE Clock 96 MHz PLL /2

Ozcillator HS

Fail-Safe Clock Moritor Disabled neProg - ...es\Mecanique\MCS\spw... [:L:[X|
Internal Esternal Switch Ower Dizabled = Miew Program O 5 Help

Power-up Timer Dizabled Iﬁ —
Brown-out Reset Digabled w
Brow-out Reset Yoltage 210

IJ5B Yoltage Regulator Enabled

‘watchdog Timer Enabled

‘Watchdog Timer Postscaler 1128

CCP2 Multiplesed with RC1

PORTE Reset State Diigital 120

Low-Power Timer] Oscilator Law-Power

MCLR Fin Function Reset

Stack Overflow/Underflow Reset Disabled

Low Yoltage Programming Dizabled

Dedicated In-Circuit Port Disabled

Enhanced CFU Disabled

Figure 3.19 : Compiler Configuration
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PicBasic Pro is used to compile the written program. If the program is compiled
successfully, the above configuration will appear. The configurations need to be set in an

appropriate setting before proceed to the next step.

3.5.3.3 Verify program

x

@ Praograr)verify complete,

Figure 3.20: Verifying the program

Figure 3.13 shows the complete of verifying the program. This step is the last
step where the program is burned to the PIC. Now the PIC is ready to be used with the

hardware circuit.



CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter shows the result and analysis of the Inverter. The comparison
between hardware result and simulation by using Orcad Pspice 9.1 will be analyzed.

The measurement of hardware output is using oscilloscope. The analysis is divided

into 4 parts:
1. Orcad Pspice Simulation
il. Power supply output voltages
1. Microcontroller output pulses

v. Analysis of driver and inverter output
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4.2 Simulation of SPWM inverter by using PSpice

By using the Pspice, the early topology of the circuit of the project could be
design. The inverter circuit is designed using the topology of single-phase full-bridge
(H-bridge) inverter, and the switching technique that has been applied is the SPWM
technique with filter. However in PSpice, the real topology of a real PIC
microcontroller could not be applied. Moreover, the PIC microcontroller is based on

the software programming not the hardware topology.

From the simulation result the output is a unipolar sine wave. So, for the
moment the result is satisfied the objective of the project, where from this output, we
can determine on how to control the output( the speed of the motor) by verifying the

pulses that given to the inverter.

Below are the block diagram of SPWM inverter by using PSPICE and its’
simulation result. The op-amps are used to replace the PIC microcontroller in this

circuit, where in the hardware design, there should be the PIC.
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Figure 4.1 : SPWM Inverter using Pspice Simulation

al—

The purpose of the op-amps is to produce pulses to fed into the driver circuit

so that the voltage of the pulses will be in suitable form for the full bridge inverter to

function. V pulses that supplied to the both op-amps part s set to be 5 V because it is

the same voltage that PIC could receive.
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Figure 4.2: PSpice simulation result

The simulation result shows that the output is a unipolar Spwm output which
is satisfied the objective of this project. the output frequency also comes out with 50

Hz, which is the desired frequency. To change the frequency duration, the value of

TR and TF have to be adjusted.

4.3 Power supply output voltages

The analysis of supply voltage is important to ensure the voltage is not
exceeding the required value. Electronic component such as PIC just need 5V to

operate. If the component is supplied with high voltage, the component will be hot
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and in some cases it can blow. The other factor need to be considered is voltage

ripple. The ripple will bring effect to generated pulses and it will make the output of
the inverter not smooth.

(a) (b)

Figure 4.3: Power supply output voltage (a) outputl (b) output2
The Figure 4.1(a) and 4.1(b) is the output of power supply. From the figure

we can see that the output is very smooth and the voltage is near to the desired value.

The voltage magnitude of the power supply output is show at Table 4.1.

Table 4.1: Supply output versus design constrain

Design constrain Supply output
Output 1 5V 5.12V

Output 2 15V 15.1V
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4.4 Microcontroller output result and analysis
This part will discuss detail on how the program works and how the pulses

are achieved.

4.4.1 Software design

Command HIGH, LOw and PAUSE are used to produce the output of PWM
inverter. Other command such the PWM and HPWM cannot be used, although they
were much easier to get pulses, but because of the minimum requirement of their
delay is below some values that can not be used to give an output frequency like the
desired one. They are limited to some certain values that couldn’t make the desired
output frequency. Potentiometer is used as the variable input for this circuit
topology. When the potentiometer is tuning at the certain values, via programming
the PIC will execute at certain coding then the output is varied. For this design they
are only 3 output of frequencies ( 40, 50 and 60 Hz). From chapter three, there
has been a discussion on the strategy how to produce output frequencies can be made
without involving the traditional method (comparing sine wave and triangular wave).
The determination of duty cycle for every pulse is still the same, but due to the
limitation of the instruction of the PIC Basic Pro, recalculation has been made. Table
below shows the values of instruction PAUSE which are use together with LOW and

HIGH.



Table 4.2 : Delay time

Frequency (Hz)
Time/Pause 40 50 60
HIGH | LOW | HIGH LOW HIGH | LOW

tl 30 170 50 200 250 50
t2 50 150 70 180 100 200
t3 70 130 90 160 170 130
t4 130 70 140 110 180 120
t5 150 50 170 80 200 100
to6 160 40 190 60 250 50
t7 180 20 210 40 270 30
t8 70 130 110 140 50 150
t9 50 150 70 180 100 200
t10 30 170 50 200 130 170
Total 2000=20Hz 2500=25Hz 3000=30Hz

50
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4.4.2 Coding Statement

For better understanding about the software development, lets seen the coding

statement that are used involving the PIC Basic Pro software. Below are listed

some important statement that are used in this coding.

TABLE 4.3: Coding Statement

Statement Function

PAUSE Pause the program for period milliseconds. Period is 16-bits, so

delays can be up to 65,535 milliseconds (a little over a minute).

HIGH Make the specified Pin high (5V). Pin is automatically made an
output

LOW Make the specified Pin low(0V). Pin is automatically made an
output.

ADC Read the on-chip analog to digital converter channel.
(potentiometer)

IF...THEN Performs one or more comparisons. Each Comp term can relate a

variable to a constant or other variable and includes one of the
comparison operators.Then evaluates the comparison terms for true

or false.
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DEFINE osc 20

DEFINE ADC BITS B
DEFINE ADC CLOCK 3
DEFIHNE ADC SAMPLEUZ 50

ADCON1 = %00001110 'set wuse A0 diz comfigure functicons of ports pin
ADCOND = %11000001 'set which port 1s used dia control coperation of 4/0D moduls

TREISE.1 = 0 ‘pin F4
TREISE.O = 0 ‘pin 33
TRISA.O=1 'TWPUT FEEDBACK to set the port direction

pometer VAR WORD

main:

ADCIHN 0, pometer

IF pometer=Z255 THEN 'output of &dkz
GOSUB puml

GOSUB  pwmZ

EHDIF

IF pometer= 0 THENW 'o/p 50 h=z
GOSUB  pwmn3

GOSUB  pwmd

EHDIF

IF nprmeter = 127 THEN '~/ p 40 k=
GOSUB  pwm5

GOSUB pum#é

GOTO main

Figure 4.4: Software Programming Codes
Figure 4.4 shows the coding that is written in the microcode studio. The whole

program is listed on the appendix part.
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4.4.3 Result Analysis

Figure 4.5 : 2kHz output.

Figure 4.5 shows the output of PIC 18F4550. The output frequency is quite
high. But the idea is when this both pulses apply to inverter, they will give the output
of SPWM pulses. The upper pulses will give the positive value and the lower one
will give the negative magnitude. The output voltages are same with the input

voltage. This frequency is suitable for power MOSFET switching frequency.

They are long delay before the cycle of the pulses starting back to the next

cycle. This delay satisfied the theoretical condition to give pulses to the inverter.

Later with some modification of the codes to get the frequency output
(40/50/60Hz) like the desired one, the output pulses are really small and the peak to
peak value of the output voltage also small. This is due to the programming
statement itself that could not support the value like the desired one. Refer to the

table below to compare the theoretical value and the output result from PIC.



Table 4.4: Frequency output

Desired output (Hz) Output result(Hz)
20 23
25 28
30 36

Figure 4.6 : 23 Hz Output Frequency

Figure 4.7 : 28 Hz output frequency

54
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Figure 4.8 : 35 Hz output frequency

The results show that there is different from the theoretical one, but they still could be
consider and is still in the range. It can be seen that when the frequency getting smaller
the output pulse wave is not in rectangular form anymore. This is due to the PIC or the

software programming itself . They have some limited function.

4.5 Inverter output analysis.

For the inverter, the desired result could not be performed in this
project. But the analysis of the simulation part of total harmonic distortion (THD) is

performed in this subtopic .
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By comparing the both figures, the harmonic distortion for modified
square wave inverter is high compare to the SPWM inverter with the same loads. The
SPWM inverter only has current distortion up to 0.12 A compare to modified square
wave inverter that has highest THD 1A. the reducing in THD is really important for AC

motor so that t will not breakdown in short time.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The SPWM inverter is an inverter that converts DC voltage to an AC voltage.
In this project, the SPWM output from the PIC microcontroller is succeed to develop.
However, the overall objectives are not achieved, where the switching pulses from the
controller circuit could not receive by the full bridge inverter circuit. The inverter could

not give the desired output result.

5.2 Recommendation

Due to the objectives that could not be accomplished until to the final stage,
future development on how to improve the full bridge of hardware circuit should be
redesign. The sensitivity of the electronic devices and the PIC microcontroller itself

could be the main problems that have to be aware of.
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Change the inverter opened loop system to closed loop system. Sensors can be
added to the circuit. The load requirements are determined by feedback from sensors to
the PWM waveform generation. Try to change the programming language by using C,

where the processing of the data could give much better result.

Another improvement can be made to this project is to have additional circuits
that will charge batteries when another external AC source is fed to the inverter. This is
known as an inverter/charger. A device known as an AC transfer switch is the additional
part in this knew design. Basically, the inverter will charge the batteries from a generator
or other AC source, then passes the AC power through the inverter to the load while the
batteries are being charged. When the AC power source is turn off or removed from the
inverter,the inverter/charger will automatically returns to functioning as an inverter,

outputting it’s own AC power.

53 Costing and Commercialization

This part explains briefly about the whole costing of the project and the

commercialization that could be made and considered.

5.3.1 Costing

This part explains about the costing of this project. The total project cost for all
components is estimated to be RM 230.40. The highest cost is reflected in the price in
the price of power electronic device such as MOSFET (IRFP 450), MOSFET driver
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(IR2110) and high rating fast recovery diode (BYV29-500). Even though the price of
these components is expensive, it is still a necessary item and the less expensive
substitutes are nonexistent. The component chosen based on the performance of the
component, means that the chosen component rating is above designed value. The table

of component cost is on Table 5.1.

Table 5.1: The cost of component

Device Manufacture | Qty Unit Unit Extended
Cost Cost
(RM) (RM)
IRFP 450 International 4 6.50 26.00
Rectifier
IR2110 International 2 18.00 36.00
Rectifier

BYV29-500 Philips 2 20.00 40.00
Capacitor 0. 1uF
ceramic 4 0.20 0.80
Capacitor 50V 2 1uF 0.20 0.40
Capacitor 50V 4 4.7uF 0.40 1.60
Capacitor 50V 2 680uF 2.00 4.00
Capacitor 50V 2 100uF 0.40 0.80
Resistor 2 1.5kQ 0.10 0.20
Resistor 2 2.7kQ 0.10 0.20
Resistor 4 10Q 0.10 0.40
LM7815 Bay Linear 1 1.50 1.50
LM7805 Bay Linear 1 1.50 1.50
KBPC 610 2 3.00 6.00
Transformer 240V -

1 20V 20.00 20.00
Crystal 1 20MHz 5.00 5.00
18F4550 Microchip 1 40.00 40.00




Touch switch 1 1.50 1.50
Strip board 2 2.00 4.00
Heat sink (small) 4 1.50 6.00
Heat sink (big) 2 8.00 16.00
Plug 1 2.00 2.00
Connector 0384 13 1.50 19.50
Fuse 1 10A 0.30 0.30
3 core cable 1 Im 2.80 2.80
jumper wire 2 Im 0.30 0.60
black red cable 2 Im 0.40 0.80
IC Base 2 14 pin 0.50 1.00
IC Base 1 40 pin 1.00 1.00
IC Base 1 16 pin 0.50 0.50
Potentiometer 1 0.60 0.60

TOTAL | RM 240.00

5.3.1 Commercialization
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The total project cost is RM 230.40. Even though the price is quite expensive and

it does not have DC-DC converter component, the price is still considered reasonable

because the power rating for the inverter designed is high (up to 1000W). Usually the

price of inverter sold in the market based on power rating and it is about RM 1 per watt.

The estimated price of DC-DC converter is about RM 300 and if it been added, the full

inverter system price is about RM 550. The price of the full system is considered low

because it just about half of market price. The cost can be reduced if the inverter is

mass-produced.
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The size of the inverter designed in this project is large but the size can be
reduced by using Printed Circuit Board (PCB) instead of using strip board. It will be an
advantage when the designed circuit is small but have same capability with original

circuit.

A cost analysis of the different types of inverter shows that sine wave power
inverter, though has the best power quality performance, has a big spike in cost per unit
power. The standard sine wave in the market has an average efficiency of 85-90%.
Power dissipated due to efficiency flaws will be dissipated as heat and the 10-15%
power lost in the will shorten operational lifespan of inverters. The quality of the output
power could also be improved. It is imperative that the output signal be as clean as
possible. Distortion in the output signal leads to a less efficient output and in the case of
a square wave , which has a lot of unwanted harmonics, it will damage some sensitive
equipment. In designing any type of power supply, it is important to examine the

intended market and place the product in a particular niche market.
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APPENDIX A : PIC18F4550 DATASHEET

MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

« USS V2.0 Compliant SIE

« Low-spesd (1.5 Mivs) and full-speed (12 Mbi's)

- Supports coninol, Ink=nmupt, lsochronous and bullk
transfars

+ Supports up 10 32 endpaints (16 Hdirectional)

« 1-Ebyie dual access RAM for LISE

« On-poand UES transcelver wilth on-chip voitags
requiaior

« Intertace for of-chlp USEB ranscelver

« ESareaming Parallel Port (32P) Tor USE sireaming
transfers [20044-pin gevices only

Power Managed Modes:

« Run: CPU on, perpherals on

+ kdle: CPU off, peripherals on

+ Sleep: CPU off, perpherals off

+ ldle mode currenss down 1o 5.5 pA typlcal

+ Sleep cument down fo 0.1 pA typlca

» Timer! oscllator: 1.1 pA typleal, 32 kHz, 2V
« Walchdog Timer: 2.1 wA typleal

+ Two-Speed Ceclilator Stan-up

Flexible Oscillator Structure:

« Flve Crystal modes, incluging High-Precision PLL
for LS8

« T External RS modes, up to 4 MHZ

« Tas Extermal Chock modes, up o 40 MHz

[ internal oscllator biock:
- 8 user selectabls frequendles, from 31 kHzZ to & MHz
- Usertunabie to compansats for frequency drit

» Secondary cscllisbor using Timerd @& 32 kHz

v [Fal-Safe Clock Monlbor
- Alliows Tor safe shuidoasn H any clock siops

Peripheral Highlights:

Hign cument sinisource: I5 MASZS ma

Three sxbemal Internipts

Four Timer modules [Timend ko Timer3)

Jp 1o 2 CapureComparePWK (CCP) modules

- Caplure Is 1640k, max. resolulon £.25 ns [Tov1E)
- Compare ki 16-bit, max. resoludon 100 ns (Toy)

- A output: PWR resolubion is 1 to 10-2H
Enhanced Caplurs/ComparePV ([ECCE ) moduke:
- MulZpls oulput modes

- Seleciable polarty

- Programmabia osad-ime

- Aubo-Shuidoen and Aulc-Restart

Addressable LISART module

- LIM bus suppart

Master Synehronous Seral Port (MSSP ) moduks
supporting 3-wire SP1™ jall 4 modes) and 12C™
Masier and Slave mooes

10-5it, up o 13-channels Analog-to-Diglial Converter
module (A/D) with pregrammabie acgulsiion Ime
Dual analog comparators with Input muliplesng

Special Microcontroller Features:

iC complier oplimized archkechure with aptianal
axtendsed Instruction set

100,000 erasefwrite cycie Enhanced Flash
program memarny fyplcal

1,000,000 erasemwrie cyde data EEFROM
memary typlea

Flazhidata EEFROM relention: = 40 years
Self-programmatie under sofbware control
Sriorty levels for ntemupis
8 ¥ & Single Cycle Hardware Muliplar
Sxtended Wabtchdog Timer [WDT)
- Programmabie p=riad fram 41 ms 1o 1318
Programmabils Code Proteciion
Sngle-sUpply 5V IN-Circult Senal Programming ™
[ICSP™] via bwo pine

n-Circull Debug {1C0D) via bao pins
Wide cperating wokage range (2.0W bo 5.5V

Program Memory Daba Mamory MELAF = g
10-oH PGFI : l-_! Timners:
Devlos FLags | ® 200E | gaam [eeprom| 00 | A0 [ EccR 8RR | (dagter| 2 & | amen
feote] | e | (BrEes) [ (bykes) LU L o = g
LIS oatE AR, 12288 2048 ITE T 10 0 Ro K i3 2 ITE]
=T 1EFZESD IIK, 16382 2048 226 24 10 20 = ki w 2 13
ST iEF44ss 24K 12288 2048 226 S 12 1 Yo K] v 2 W3
ST EFAEED IZK 16382 2048 226 S 12 1 Yo K] v 2 W3
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28-Pin S0IP, SOIC

T RverREs— L1 b 28] = REFEEEEGD
FElapo T T = REREBNPGC
RadaNT— ] = [] =—+ REEESNIFGW
RN 2RI — O 4 25[] == REMESHAELRCY
RidGhpEnaprs =] & Wi 24] | = RERMSNIWOCF NP
RATICHNCAOLT == ] & TR 23] = RECUASBANTZVMO
RASERET D CouT O 7 2R 2] = RELASAINT SIS
war—e[] & o) 29[ == RERAHT N TIVSDE0E
pacucLRaT— O @ oo 0[] =—wvoo
DECACLRORAE —[]10 G 1] =——ws
ROIUT o i a0 K =—= ] 11 18] = RCHRNDTEDO
RENTACECC P TOE — [ 12 17[] = ROSTHCH
repocm — iz &[] == DeiiF
iusp = []14 18] = DM
40-Pin PDIP
WOLRAPRRES —— 1 et 40 [ +— AEVEE PG
(ST T—— ap [ +—v AEASESPGE
REANT —— [ 3 a8 [ =— RESHE PG
RS RAVACT-IWRET e [ 4 A7 [ w—= REAASTTHEIRCEERP
RAAAHEAATT e [ 5 3 [ o= RESASBACCPINRD
ABATOCKICYOUT e & a5 [ a—= AEARBANT 2O
AAS AT NI CI0UT -7 adl [ e AEESTANT 1SCESCL
REMCHIEPPANE =—[]& WD 35 [ REMANTINTOEONED
RELCHIGPRMNE — @ ¥ 8 w2+—vm
REBDESPRMNT —= [0 & & 31 [ —yss
s ——pn B ¥ wf— soneeren
HEES e [ 12 o o [ o= ROSSPFATIC
CRCVCLKIIRAT — ] 13 . 0O 28 [ ~— RDEEFPSTIE
OBCATLKORAS ] 14 a7 [ a—e ADHERPS
RCOTCETIZ0K] = 15 38 [ +— RCTRADTEDD
RCATIOEICOPFAIOE =— [] 18 25 [ =— ROSETHCK
ACHCCPARS —e ] 17 ] i p—TT
o —= [ 18 25 [ — DM
ROWEFFY e ] 10 25 [ w— RONEFPE
ROASFRY e ] 20 N Qe ROHEPF2
Hols: Finouls ars subjsct o change.

* Agsignment of this f=xiure b depend=ni on device corfigurabdon.
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PIC18F2455/2550/4455/4550

1.0 DEVICE OVERVIEW

This gocument contalns device specific Infarmadion for
the Tollowing devioas:

* PIC1EF24E5 » PIC1BLF24:55
» PIC1EF2550 » PIC1BLF2550
» PIC1EF44ES » PIC1ELF4455
» PIC1EF4550 » PIC1ELF455D

This Tamily of gevices offers e advantages of all
PIC15 microcantrolless — namely, high computational
perfamance & an econamical price —with the addtion
of high endurance, Enhanced Flash program memory.
In  agdiion  to these  fealurss,  the
PIC1EF24 5572530044554 550 family Inbroduces design
enhanzements ihat make thess micmaoniTolens a kg
il chzlog Tor many nigh-periormiancs, power BEnsive
applications.

141 New Core Features

1.1.1 nanoiValt TECHNOLOGY

All of the devices In the PIC13F2455/25502455/4 550
Tamlly Incorparate a range of f2atures that can signifi-
cantly reduce power consumMplion during operation.
Key bems nzude:

Alternate Run Modes: By clocking the coniraliar
frami the Timert source or the inlemal ceclliator
ulock, powes consumption during code execulion
can be reducad by a8 mch 35 90%.

Multlple Idle Modas: The controller can also nin
'with 25 CPU core disabled but the peripherals sl
active. In these stales, powsr consumption ¢an be
reducad aven furlher, 1o as [Hie 35 4% of noma
ap=ration reguiremenis.

on-£he-fiy Moda Switching: The
power-managed moges ans Invousd by ussr code
during operalion, allowing the usar io inconporate
power-5aving kdeas Inta thelr applcation’s
softwane design,

+ Low Conzumpilon In Key Modulss: The
power requiraments for bath Timer! and the
Walchdo] Timer are minimized. Ses

Section 28.0 “Elactrical Charactarstice™ tor
values.

1.1.2 UMIVERSAL SERIAL BUS {USE)

Devices In the PIC1EFZASS/Z5S0M45S4E5D Tamily
ncorporate 3 fully fealured Universal Sedal Bus
‘communications modulie that Is compilant with the USS
Speciization Aevision 2.0 The module supparts both
iow-speed and full speed commurication for &l sup-
ported 93 Tansfer tyoes. 1t As0 Incorporales |15 oan
an-chip transceiver and 3.3V reguialor and suppors
1he uge of 2xtemal frarscelvers and waitage requlaiars.

=

=

1.1.3 MULTIPLE OSCILLATOR OFTIONS
AMD FEATURES

AT of the gevices In the PIC1SF 455/ 255004854550

tamilly offer twelve aiferent csclliator opsians, allowing

UBErs 3wide range of cholees In developing apelcation
naroware. Tesa Includs:

« Four Crystal modes Using orystals or seramic
rESONEInrE.

Four Extamal Clack moges, offering the optin of
UEING fwa pins (oscilator nput and a divise-by-4
©0CK QUL OF one pin (oscilator input, with ihe
second pin reassigned as general D).

An Intemnal oscllator biock which provides an

3 MHz dlioci (2% accuracy) and an INTRC
£0Urce (3pproximately 31 K4z, stable over
temperEire and Woo), 35 wel 35 3 rangs of

i Lger s2lsciahle clock Trequencles, Detwaen
135 kHZ fo £ MHZ, for a fotal of 3 clock
frequencies. This oplion Tr2es an oscllEtor pin for
B2 35 2n addiilonal general purposs 0.

« & Phase Lock Loop (PLL) frequency muEpler,
avaliabie 10 both the high-sp=sd crystal and
axternal oscliator mages, which aliows 3 wige
range of Cook Spess fram £ MEZ 1o £8 MHZ.
ASynchronaus dudl ciock operalon, aloaing the
UZ3 madule bo nun fom a high-freguency
astllator wnlie the reet of Tie microcontrolizar
clociad fom an Intemal low-power osclliaion.

Sesltes ks avallabilty a5 a ciock source, the imemal
06C1IE%0r Diock provides a slabie refenence source nal
ghves ihe family agdilonal features for mbusi
operation:

+ Fall-%afe Clock Manttor: This opion constanily
monitors the maln ciock source aganst a
refzrznc: Glgral provized by the Irk=mal
oscllator. I a clock fallure cccurs, the controller s
swilichad %o the Intemal oscllator bioci, allowing
tor continuad Iow-spesd operation or & sale
applcation shubdown.

Two-Spead Start-up: This option allows the
Irezrmal oscllator o serve a5 the clock sourse
from Povesr-on Resel, or wake-up from Sleep
made, untl e primary clock sourse |6 avaliable.
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PIC18F2455/2550/4455/4550

TABLE 1-1: DEVICE FEATURES
Featuras PIC1EF2455 PIC18FI550 PIC18F4435 PIC18F4530
OpEaing Frequency DC — 48 MHZ DC — 45 MHzZ DC - 48 MHZ DC - 48 MHZ
Program Memuory (ByteE) 24575 3ITEE 24578 3I7ES
Pmgram Memony {Insinictions) 12253 15334 12288 16364
Data Memory (ByiEE) 2045 2048 2046 2048
Data EEPRIOM Memory (ByieE) 256 255 36 56
Alemupt Sources 1o 19 20 20
'O Parls Poris & B, C, [E) | Porte A, B, G, (E) | Pois A, B, C, D, E | Porte A, B, G, D, £
Timers 4 1 4 4
Capture/Compare/PWM Moduies 1 z 1 1
Enhancad Caphural il D 1 1
'3III'I1|ZIGTE"F'|.'.IT~1 Madules
Serial Commnications MSSR M3SP, MSER MSSP,
Enhanced USART | Ennancad USART | Enhanced USART | Enhanced USART
Univers3l Senal LS (USE) 1 1 1 1
Module
Streaming Parallel Bor (SPH) Ko O] eE eE
1:-tltﬁ-ra-:-g-l:o-:|g &l Moguie 10 "IFIJt Channels | 10 Inpul Channels | 13 'IPJ[Cl'IEIF'IﬂE 13 'IPJ[Cl'IEIF'IEE
Comparalors 2 z z z
Resals (and Delays) POR, BOR. POR, SOR, FOR, BOR, FOR, B,
FEEET nsirucion, | RESET Instruciion, | RESET Instruction, | RESET Instructian,
Sack Ful, Siack Ful Stack Full, Stack Full,
SlECE Ungarmow Sack Uindarliow Stack Underfiow Stack Underiow
[PWRT, 02T}, | _[PWRT, 05T} [PWRT, 03T, (PWRT, O3T),
WCLR (nplional, | MCLR joptianan, | MCLR joptionaly, | MCLR jopional),
WOT WOT WOT WO
P"'CIETEI""II"IEDE' LD\’-'-'-."CI'..EI;E YEg Y5 fies Yeg
Dedect
P'n:-;rmml:-e- Bromm-aut Reset es Yag R eE
nElrucion Set 73 Insiructions; T3 Imelructions; 75 Insbructions: TS Instructions:
&3 with Exiended | 83 with Exiended | B3 with Sxdended | £3 wiih Sxengas
NEructon Sat InsTuction Set nstnicton 2=t netructon =t
gnabled enaklad enatled enabled
Packages Z3-pin FOIF Z&-pn FOID a0pin F0IR a0pin P0IR
26-pin S0IC 280N SOIC 44-0in ©FN 44-0in ©FN
Ad-pn TRFP Ad-pn TOFP
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APPENDIX B: IRFP 450 DATASHEET-MOSFET

ﬁ IRFP450

N - CHANNEL 500V - 0.33Q - 14A- TO-247
PowerMESH™ MOSFET

TYPE Vpas Rosiens I
IRFP420 500w =040 14 A
s TYPICAL Rpgign, =0.33 82
s EXTREMELY HIGH dwidt CAPABILITY
o 100 AVALAMCHE TESTED
s VERY LOW INTRINSIC CAPACITANCES
» GATE CHARGE MINIMIZED

DESCRIPTION

This power MOSFET is designed using the
company’s censolidated strip layout-based MESH
OVERLAY™  process. This technology matches TO-247
and improwes the performances comparsd with
standard parts from various sources.

APPLICATIONS
s HIGH CURRENT SWITCHING |
s UMINTERRUFTIELE POMWER SUPPLY [UPS) INTERHAL SCHEMATIC DIAGRAM
s DC/DC COVERTERS FOR TELECOM, BT o B
INDUSTRIAL, AMND LIGHTING EQUIFMENT.
@il : Y
P
SCEISEG
ABSOLUTE MAXIMUM RATINGS
[ symool Parameter valua unit
Was Draln-source Voltage (Ves = D) =00 W
Vpan | Drain- gate Valtage (Ras = 20 ki) 00 v
Vgs | Gate-source Volage £ v
] Draln Current (continuous) at Te = 25 °C 14 A
] Draln Current {continuous) at Te = 100 °C 8.7 A
lowl=] | Drain Cument (puised) 56 A
Py Total Disslpation at T, = 25 °C 130 W
Cerating Factor 1.5 WrEC
dwidl{1) | PR3k Diooe RECOVERy wollage Glape 35 Ving
Tay | Storape Temperature £5 1o 150 =
| T |max. operating Junction Temperature 150 *C
[s) Fubse wids (misdby sate opersing a=a 1 la 214 A, UL 130 AdLs, Vs = Umecees, T12 Tasa
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IRFP450
THERMAL DATA
Rinpzase | Thermal Resistance Juncbion-case (& FoH 0.66 SN
mmj-ame | TNEMal Resistance Junction-amblant M 3D oo
c-ang | TNEMMal Resistance Case-sink Tyvp (1] SN
Ti Laximum Lead Temperaiure For Soldenng Fuposs 300 A
AVALANCHE CHARACTERISTICS
Symbol Paramstar Max Valua unit
lar Avalanche Curreni, Repelltive or Mot-Repetitiee 14 A
[pulse width limited by T) max)
Eas |Single Pulse Avalanche Enzrgy EO0 mJ
{starting Tj = 25 °C, Ig = lan, Voo = 50 V]
ELECTRICAL CHARACTERISTICS (Teaz= = 25 °C unless otherwise specfisd)
OFF
Symbol Parametar Test Conditlens Min. | Typ. | Max | Unit
"J'.:..:ul Dralr-source lo= 250 pA  ‘as=D 500 W
Braakdown Voliags
loss |Zera Gate Voltage Ves = Max Rallng 1 p
Drain Current (Vs = 0) | Ves = Max Rating T.=125°%C 50 i
lgss Gm-m’ LEE':ﬂE Vo =+ 20 W = 100 s
Current (Wos = 0}
Ok (+)
Symbol Paramstar Test Conditlens Min. | Typ. | Max | Unit
Vasmp | Gabe Threshoid Wps=Vas lo=250 pA z 3 4 W
Voltage
Raseny |Stallc Draln-source On | Wgg = 10V lp=8.4 & 0.33 0.4 ]
Reslstance
||:|||“c| On State D@l Curment | Vs = ||:|:._c| x H.nﬂ.:_j..: 14 A
Uﬂ. - 10 W
DY MAMIC
Symibol Parametar Test Conditlens Min. | Typ. | Max | Unit
Tia ['IJ Fonward Vps > ||:|:.-c| x HHI:'ICIIII lg=3.4 A 9.3 13 85
Tramsconductancs
Cian Input Capacliance WVps=25WV T=1MHZ Vgs=10 2600 pE
Cos | Output Capachance 330 pF
Cran Reverse Transfer 40 pE
Capachance
P o7
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IRFP450
ELECTRICAL CHARACTERISTICS [contnued)
SWITCHING ON
Symbal Parametar Tegt Conditiong Min. | Typ. | Max | Unit
taraay | Tum-on Time Wpo=250W lo=TA 24 ns
1 Rlse Time Rg=470 Wgg =10V 14 &
[ses test circwl, figure 1)
@y Total Gate Charge Voo =400V lp=14A ‘Wgg=10W 75 nc
Q. |Gate-Source Charge 135 nc
Qg Gate-Drain Charge 27 nc
SWITCHING OFF
Symbal Parametar Tegt Conditiong Milmn. | Mae [ umit
Livory | Off-voltage Rlse TIME | Vpa =400 W [p=14 4 15 ns
] Fal Time Rg=4.70Q Vags=10VW 235 ns
te Cross-over Time {5ee test clroult, fgure 3] 5 ns
SOURCE DRAIN DICDE
Symibol Parametar Tast Conditlons Min. | Typ. | Max | Unit
les Source-draln Cwrrant 14 A
lepwl*) | Source-draln Curmant 56 A
[pulsed)
Vep (*) |Forward OnVoltage |l =14 A Wee=0 14 v
i Fieverse Recovery lep = 14 & dlid? = 100 Afus GED nis
Time Wpo=100W T =150°C
. |Reverse Recovery [5ee test circult, fgure 3] a piz
Charge
lnnn | Reverse Recovery i A
‘Current
(=) Pzt Pulse duralion = 300 s, culy cyole 15 5%
o} Fulss width Imfled by sai= operafing area
Safe Operating &rea Thermal Irmpedance
Al T
I8} " Bices
[l |
N e 2
r {E.’ LAl ] " I:.1' Il :
Iull?* IW 1ﬂ-l
— e
— 2 S -
N 1 e i
. pa o T i my [ 111 e K Py
o L M [l - SMELE FULSE #= T
] T 15 T y
- e 10
[l |
| s
. I.C. OFERAT [ ] ]
L N1 A I
it in' 1% Vas (V) it ot ot et e e ga)
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APPENDIX C : IR2110 DRIVER DATASHEET
|nTerﬂOTiOﬂG] Data Sheet No. PDE0147 rev.l)
IGR Rectifier  IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER

Features Product Summary
B e wevhoay o=t I\ oppger (IR2110) 500V max.

Toderant to negative Fansient voliage (IR2113) 600 max.

didt immune
* Gae drive supply rangs from 10 1o 20V o= 2h0 2A
® Undervoiiage loout for both channels
* 3.3V logic compatible Vour 10 - 20V

from 3.3 1o 200V

e oot () 120894 s

* CMOS SchmitHinggened inputs wit pul-down Delay Matehi =P
¥ Matching (IR2110) 10 ns max.

 Dicher] propegalion detsy or oth chanials (IR2113) 20ns max.
* Juiputs inphase wih inputs PMK&Q&E

Description
The IR2110IRE13 are high voitags, high speed powss MOSFET and

IGET drivers wihindapendant high and low sde refessnced culput chan-
nels, Propristary HVIC and latch immune CMOS technoliogies enabie P “12!71:-;:'11“9251":339
ruggedized monolific consinciion. Logic inpuls are compatible with | ooy oo g

standard CMOS or LETTL ocuiput, down to 3.3V logic. The output

drivers featuse a high pulse cumrent bufler stage designed for mnimum
drver cmas-conducton.  Propagation delays as matched 1o smpidy use in high frequency applicatona. The
finating channel can be wed to drive an N-channel power MOSFET or IGBT in me high side configuration which
operates up o 500 or G600 volls.

Typical Connection upta SO0V or GO0V
]
-, —I—Mﬂﬂ‘}' T
W og ot Vo Vo 1 -1
HIN o HIN v, —4 © 1o
50 0 — % —LOAD
LB o LM Ve - I("-_"
Vs vy  com [—3F ‘ I*,'_E:'I
Ve o—| — LD |— Py
-
(| Faadar 0o L] A s Qrimadin s fof o it pin oorSgur aton | This Thaed Ciagr amd 5] showw b ical
conniCions only. Fleass e ioour Spphomdon Moes and DesgnTips for proper dnouitboand |aout

weae e com
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International

IR2110(-1-2)(S)PbF/IR211 3(-1-2)(S)PbF Tom Rectifior

Absolute Maximum Ratings

Ahzduta masmuon ratings indicarla sustained limit bayand which damags o S dedos may oooue. All valfags param
olirs ara absaute vallages refamnond fo COM. The fermal ressiancs and power dissipstion ratings am measumd
undar Baard rounfed and 490 air candSons. Addifonal infarmation 4 shown in Figures 28 $raugh 35

Symbol Definition Min. Max. Units
Vg High side foaing supoly vatags (IR2110] 0.3 525
(R2113) 03 625
Wiy High side Soafng supnly offost waitage g - 25 Vg +03
VHO High side Soafng awput waltaga V5-03 YWa+03
Ve Law sida Sxed supply vataga 0.3 25 )
Yo Law sida aupul waltags 0.3 Won 403 u
Voo Logic supoly vallage 03 Wgg + 25
Wag Lagic supply ofal valtage Voo =25 Won 03
Vin Lagis inpul valage (HM, LM & 30 Vgg =03 Voo +0.3
dig'cl Allowable afal supoly valtags ransient (Sgura 2 50 Wihs
P Package power desipaion @ T, <425°C  (14lsad DIP) 18 T
{16 laad S0IC) 125
Ry e Thammal resistanon, juncion o ambiel {14 hsad DY) 75
{16 laad S010) 100 i
T, Juncon temparaturs 150
Ts Sharagn tempaaiog 55 150 °C
T Laad temperature foldadng, 10 sscands) 300

Recommended Operating Conditions
T impatioutpurt lagis Sming dagram & shawnin Sgqurs 1. For prager aparatan tha devios shauld baussd withintha
moonmended cond¥ans. Tha Vs and VES oSl raings am weted with al supolias Bazed at 15V diflemngal. Typical
rafings al alhar bas condfons ana shown in Sgures 36 and 37.

Symbol Definition Min. Max. Units

g Figh side Sasting supply absoiube waltage Wy + 10 Vg + 20

g High side Soating supply oSsalvalage AR21107} Mot 1 500

IR2113) Maka 1 L]

VO High sida fioating autput valtaga g Ve
Ve Low side Sxed supply valtage 10 20 W
Yio Low side oufpul vollage [i] oo
Voo Lagis supaly waltags Vgg +3 Wag +20

Was Lagic supply afsel waltage 5 (Mata 2} 5

i Lagic input vaitags (HIM, LIN & 50 Vigg Voo

Ta A Empaeaturs 40 125 “C

Hobe 1: Logic aperational for Vg of < fo 4500V Logic date held for Vg af -4V to -Vpg. Please nefar fo $ae Design Tip
OTS7-3 for mara delails).
Mota 2: Whan Vpg = 5V, ®e minimum Vgg oFsatis Imited fo Mpg

wowew il com
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75

e E{.ﬁ'{,‘;‘! IR2110(-1-2)(S)Pb F/IR2113(-1-2)(S)PbF
Dynamic Electrical Characteristics

Vaag (Voo Vag., Vo) = 15V, C = 1000 pF, T = 25°C and Vigg = COM unles s oferwizsa spacified. Tha dynamic
alactrical characierisfics am measumd using tha test drou shown in Figure 3

Symbaol Definition Figure [Min. | Typ. [Max. | Units [Test Conditions

Lo Tum-an propagafon dafy T 120 | 150 Vg =W
o Tum-af prapagafon dalay a a4 125 Wy = SOOWE0OV
L Shubdosn prapagation delay ] 10 | 120 _ Wg = SOOWISION
Ir Tum-an fss Srma 10 25 as =
E Tum-af fall §ma 1 17 25
MT Dalary matching, HE & LS (R2110] 10

furreanfaff (R2113) 20

Static Electrical Characteristics

Vag Ve, Vag. Vpp) = 15V T = 25°C and V gg = COM urlass otharwss spedfed. Tha iy, Vo and by paramaters
araraferenced ta Vgg and am applicabls to all thres logic input lsads: HIM, LIN and 50. Tha Vg and | parametars ara
mfrancad fo COM and are apglicatis o Sa respecive aulpu leads: HO or LD

Symbol Definition Figure |Min. | Typ. Max. |Units [Test Conditions
WiK Lagic *1° input valtaga 12 a5
ViL Lagic "7 input valtage 13 L]
Vo High ke auft waltaga, Vaus - Vo 14 12 W Iy = OA
Voo Lovw lved auig valtage, Vo 15 01 Iy = O
Ik Off el supply lakags cument 16 50 [a=\'g = S00WVE00Y
les Cuesomnt Vg supply cument 17 125 | 230 Wi = OV arVpg
ol ] Cuesoent Voo supply ourrent 18 183 | 340 Wi = 0% ar Voo
laco Culesomnt Vpn supoly current 19 15 a0 WA ipg = OV ar Vpg
= Lagic *1° inpuf bBias currant i 20 40 Win = Voo
hpa. Lagic “07 input bias cumrmant 21 1.0 Wiy = OV
Vagues | Vag supely undarcallage posifiee gaing n T.5 a8 | 9.7
Tmshald
Vagune Vg supply undervallage negatve gang 3 7.0 82 | 94
imshald
Ve | Voo supply undersafage posifea gaing 24 T.4 85 | 98
thmzhald W
Veopung. | Viog supply undervatage negatve gaing 25 7.0 a2 | 94
mshald
e Ot Figh short aroull pulsed curent ] 20 25 g =W, Vi = Voo
P < 10 |
o Oufput ow short ciroult pulsed ourent 7 20 25 A V= 15, Wiy = O
P <10 s

wearad rf.com



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

International

ISR Rectifier
Functional Block Diagram
1 — S
I T 1
[ |
Mo I':l:_EC‘—l_H ':"_'!'_”EI I
| L fn PULSE R F ‘.—*mj
ol ;\Q_@Lfy,_m AR | G |
4
| : — et | pse —|E | —+\-1
[ GEM
[ | |
a0 i— . dv
TV
: L F W !
I ... L Won Vi LETECT] _|_| I
LI b — _}:—LE\EL' Lo
fic =) s
| == DELAY :
'.u.:.__l_ I.:.:u
L ]

Lead Definitions

Symbol | Description

Voo Logic supply

HIN Logic it for nigh shde gate deiver output (HO), In phase
=15 Logec ingut for shuidown

LIN Logic input for low slde gate dever cutput (LO), In phase
ag Losguc grownd

Vi Hign aide foating supply

HO Hgn side gate drive culput

W Hign aide foating supply retumn

Voo Lowr sbde supndy

Lo Low shde gate drive oulput

COM Low shde retumn

whew i oom
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APPENDIX D : DIODE BYV29

Philips Semiconductors

Product specification

Rectifier diodes BYWV29 series
ultrafast
FEATURES SYMBOL QUICK REFERENCE DATA
= Low foreward volt drop e We=300V/7400 Vi 500V
= Fast switching o .-/ \\1 ) .
- Soft recovery characternstic k| |1 \ & Ve=103V
- High thermal cycling performance 1 I | 2
= Low thermal resistance \ / |=.,-c-. =0A
— t. <60 ns

GENERAL DESCRIPTION PINNING S0D59 (TO220AC)
Ultra-fast. epitaxial rectifier diodes PIN DESCRIPTION L 1

ntended for use as cufput rectfiers sl ()

n high frequency switched mode 1 cathode

power supplies.

2 anode

The BYW20 series is suppbed in the It
conventional eaded S0058 fab |cathode

{TO220AC) package. | J

77

LIMITING VALUES
Limating values in accordance with the Absolute Maximum System (IEC 134).
SYMEBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
BYVzZa =300 | -400 | -500
Wip Peak repetitive reverse voltage - 300 400 500
W s Crest working reverse voltage - 300 400 500 W
Vi Continuous reverse voltages - 300 400 500 v
. Average forward current' square wave: b = 0.5 - g &
Tre =123 °C
. Repetitive peak forward current |t = Efu]u_\sa Elc= 0.5; - 18 A
lezm Mon-repetitive peak forward t ::112' ms - 100 A
currant. t=8.3ms - 110 )
sinusoidal; with reapplied
1\'IHHB|-:1|H:
P‘i Storage temperature -40 150 :E
[ Operating junction temperaturs - 150 cC
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
ity jres Thermal resistance junction to 25 KN
maounting base
Fin e Thermal resistance junction to Jin free air. 1] - KW
ambient
ld d 11 of 30 [ | S



Phips Semiconduciors Froduct specification

Rectifier diodes BY'W29 series
ultrafast

ELECTRICAL CHARACTERISTICS

;= 25 °C unless othenwise stated

S5YMBOL |PARAMETER COMDITIONS MIN. | TYP. | MAX | UNIT
Ve Foraard vodtage I =EA T =150°C - 0en | 1.03 W
lr=BA - 106 | 1.25 W
| Rex Ui fnll B
erse current = 2. e
" Vi = Vims: T, = 100 °C ol o1 | oas | ma
o, Reverse recovery change -:Irl ='-:IE A :.;':n li“ 230V, - 4 &0 nc
Jodt = 20 Alps
L Rewverse recovery bme !EI;'-; A '.1|:| W, II'.lI_I oW, - 50 &l ns
idt = 100 Alps
| Peak reverse recovery current || BRI Wz 30V - 40 h.5 A
digdt = 50 Afis; T, = 100°C
Ve Forward recovery voltage lp =10 A&; dlidt = IIEI Alus - 25 - W
- PFIW Tl i C
i 1= 125
13 “{.:EHH'\:-L e D=0
a5
10 "f 125
A
0,1 P ol
144
5 £ Iy__l I-— & s
" o ] e 1_1: T J'_u !5;.
IFiAW A il 5
Fig. 1. Definiton oft, Q and | Fig.2. Maximum forward dissipation £y = 'T...H”.'
square wave Where [, “lnows ¥ 0.
1 - 12 BE W T il =i 21:1]
e m LIRS =
[NNETTH" W= 157
10 135
1
22 /
& T "'f_,- 130
m= 4 ] "
= _..-"F- 1
i A . /, ”
N, - :
v F o 1B ]
+ ime J ‘.I'_I_A\'I.'F. e
Fig2 Defnition of 1 Fig.4. Maximum forward dissipation Pr = flg,.
sinusoidal curment wal.-'eﬁ:lrr'* where 3 = fam
o= 'r~|u.|-.' |r|J"...




APPENDIX E: 18F4550 PROGRAMMING CODES

Y Name D UNTITLED BAS
' Autlbeor o [seleck TIEW. | EDTTOR OFTTIONS)
' Wotice o Caopyrighx (o) 2008 [select VIR, EDITOR OFTIONS ]

' ; A1l Rigi:xts Reserwed
'# Data D10 12S2008

'# Tersiom - 1.0

'# Wobas

[

0% % % % % % %

LEIE I e B g

DEEINE osc 20

IEFINE &DC EITE &

DEFINE iDC CLOCE 32
IEFINE ADC SAMPLETE S0

(00001110 'set wse A0 die comfiguare fimcbicms oFf pords pin

ADCONO = %$11000001 'set plhich port is used die copdecl coperaticn of 4D

ADCONL
mdidl =
TRISE.1 = 0
TRISE.O = 0
TRISA. 0=1

pometer VAR THORD

mair:
AOCIW O, pometer

'pir 54
'pim 33
'INPUT FEEDRACE o sat the port direction

IF pometer=25L THEN 'cubput oFf &0z

GOSUR puml
GOSUE pom®
ENDIF

IF pometer= 0 THEN 'o/p 50 L

GOSUB pums
GOSUE pumed
ENDIF

IF pometer = 127 THEN 'ofp 20 L=

GOSUE pumb
GOSUE poms
ENDIF

GOTO main

'oubput for Sdkz
Bl -

'T1

HIGH FORTE.O
PFRAUSEVUS E0

LOW FORTE. O
PFRAUSEVWS =00

‘T2

HIGH PORTE.O
PRUSEUS 70
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LOwW PORTE.O
PRAUSEWS 120
'T3

HIGH PORTE.O
PRAUSEUS =50
LOW PORTE.O
PRAUSEUS 150
‘T

HIGH PORTE.D
PRAUSEWS 140
LOW PORTE.O
PRAUSEWS 110
‘TS

HIGH PORTE.O
PRAUSEUS 170
LOW PORTE.O
PRAUSEUS 20
'Té

HIGH PFORTE.OD
PRAUSEUS 190
LOwW PORTE.O
PAUSEUS &0 '
'T?

HIGH PORTE.D
PRAUSEUS Z10
LOwW PORTE.O
PRAUSEUS 40 '
'Tg

HIGH PFORTE.OD
PAUSEUS 110
LOwW PORTE.O
PAUSEUS 140
't5

HIGH PORTE.D
PAUSEVYS 70 '
LOwW PORTE.O
PRAUSEWS 120
'£10

HIGH PFORTE.OD
PRAUSEUS &0 !
LOwW PORTE.O
PRUSEUS Z00
BEETUBRN

IS :

'T1

HIGH PORTE.D
PAUSEUS 50
LOwW PORTE.O
PRAUSEWS Z00
‘T2

HIGH PORTE.O
PRAUSEUS 70
LOW PORTE.O

80

HIGH PORTE.QO
PFRAUSEUS =0
LOW PORTE. QO
PFAUSEUS 160
'Tg

HIGH FORTE.O
PAUSEUS 140
LOW FORTE. O
PAUSEUS 110
TS

HIGH PORTE.O
PFRAUSEUS 170
LOW PORTE. O
PFRAUSEUS =0
'Té

HIGH PORTE.O
PAUSEUS 150
LOW PORTE. O
PAUSEUS c0
'T7

HIGH PORTE.O
PAUSEVS =10
LOW PORTE. O
PAUSEUS 40
'T8

HIGH PORTE.QO
PAUSEUS 110
LOW PORTE. QO
PAUSEUS 140
ke

HIGH FORTE.O
PAVSEUS 70
LOW FORTE. O
PAUSEUS 1=20
k1o

HIGH PORTE.O
PRAUSEUS SO0
LOW PORTE. O
PRAUSEVUS =00
BETURN

prms 'osp 0F 20H=

'Ti

HIGH PORTE.O
PAUSEUS 320
LOW PORTE. O
PAUSEUS 170
'TZ

HIGH PORTE.QO
PFAUSEUS 50
LOW PORTE. QO



PFRAUSEUS 150
'TF

HIGH PORTE.O
PFRAUSEUS 70
LOW PIRTE. O
PFRAUSEUS 130
'

HIGH PORTE.O
PRUSETS 130
LoV PIRTE. QD
PFRAUSEUS 70
'TE

HICH MODTE.OQ
PAUSEUS 1E50
Low PIRTE. O
PAUSEUS EO
'Te

HIGH PORTE.O
PFRUSEUS 160
LoW PIRTE. O
PFRAUSEUS 40
N

HIGH PORTE.Q
PFRAUSEUS 120
LoV PIRTE. QD
PRUSEUS =0 !
'T8

HIGH PORTE.O
PAUSEUS 70
Low PIRTE. O
PAUSEUS 1320
'3

HIGH PORTE.O

PFRAUSEUS 50 !
L PORTE. U

PFRAUSEUS 150

'R0

@GN PORTD.O
PFRUSEUS Z0 '
Low PIRTE. O
PFRAUSEUS 170
RETIRT

T

'Ti
HIGH PORTE.O
FRUSEUS =0
Low PIRTE. O
PFRAUSEUS 170
‘T
HIGH PORTE.O
PFRAUSEUS 50

LOW FORTE. O
PAUSEW:E 1L50
'8

HIGH PORTE.C
PAUSEU: 70
Loy} DOLTE. O
PAVSEW:S 130
‘g

HIGH PORTE.C
PAUSEWS 130
LOW PORTE.O
FAUSEWS U
'TE

HIGH FORTE.C
PAUSEWE 150
LO¥ PORTE. O
PANMSEWE &N
'Té

HIGH PORTE.C
DPAVCEWE 10
LoW PORTE. O
PAUSEUS 40 !
‘T

HIGH PORTE.C
PAVSEW:S 120
LOW FORTE. O
PAUSEUE =0 !
'Te

HIGH PORTE.C
PAUSEW:s 70 '
L0W PORTE.O
PAVSEW:S 130
'te

HICH DODTE.C
PAUSEWSs 50 '
LOW PORTE.O
PAVWZEWS 1o0

'R1Q

Hil-H PURTE L
PAVSEWES =20 !
L0W PORTE.O
PAVSEW:E 170
BETUBN

bz ' e

'

HIGH PORTE.C
PAUSEWS ZE0
LYW PORTD. O
PAUSEUE L0
‘T2

HIGH PORTE.C
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PAVSEU: 100
LOW PORTE.O
PAVSEWS =00
‘T3

HIGH PORTE.O
PAUSEUS 170
LOY PORTE.O
PAUSEWS 130
‘T

HIGH FORTE.O
PAVSEWS 120
LOW FORTE.O
PAVSEWS 1:0
TS

HIGH PORTE.O
PRAUSEUS =00
LOY PORTE.O
PRAUSEUS 100
'Té

HIGH FORTE.OD
PAUSEWS =50
LOW PORTE. O
PAUSEUS L0
'T?

HIGH PORTE.O
PAVSEU: =70
LOW PORTE.O
PAVSEUS =20 '
‘T8

HIGH PORTE.O
PAUSEUS S0 !
LOY PORTE.O
PAUSEUS 150
)

HIGH FORTE.O
PAVSEWS 100
LOW PORTE.O
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