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ABSTRACT

In conventional Digital controllers, the PWM gating signal generation, current control
loop for stator current regulation, dead time generation and other computational tasks require
high sampling rate to achieve wide bandwidth performance. In most of the domestic inverters
the PWM generation is implemented in analog circuits. In this project a three phase
Sinusoidal PWM controller in an embedded micro controller is designed and implemented.
The output fundamental frequency and the switching frequency can be varied. The prototype
of the inverter with driver and opto circuits are designed and implemented to verify the PWM
controller in real time. The output of the three phase inverter is tested with an induction

motor. The induction motor runs at 25 Hz and 50 Hz. The speed is varied.
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CHAPTER 1
INTRODUCTION



1.1 INTRODUCTION:

The unpredicted development in indus.ial drives over the past two decades have
resulted from the process developments demanded by the automation industry. This 1s further
augmented with increased speed of modern microprocessors, micro controllers, digital signal
processors (DSP), complex programmable logic devices (CPLD), Application Specific
Integrated Circuit (ASIC) technology and Field Programmable Gate Array (FPGA) based control
techniques used in reduced insulated gate bipolar transistor (IGBT) drive package size coupled
with AC motors leads to achievement of muitiple machine configuration with minimal process
down time. In the conventional drives, the functions like current control loop and PWM
generation are still implemented with analog control. This kind of control has an advantage of
good dynamic response but suffers by the drawbacks like complexity, limited functions and the

difficulty in circuit modification.

Now a day’s microcontroller based control in AC drives has become the intensive
area of research due to its features of simple circuitry, software conirol and flexibility to adapt
various applications. However, PWM generation and current control loop requires high sampling
raic to achieve wide bandwidth performance. Therefore, most computational resources of the
controller must be utilized for PWM gating signal generation and the execution of current control

loop algorithms .Only a limited time is left to control other functions of the drive.

This project “Embedded based control for three phase Inverter” develops a novel

digital circuit realization scheme for the operation of three phase inverters.



1.2 NEED FOR THE PROJECT:

In recent times, veriable speed AC Induction motors powered by
switching power converters are becoming more and more popular due to the advances in solid
state power devices. Switching power converters offer an easy way to regulate both the
frequency and magnitude of the voltage and current applied to a motor. As a result much higher
efficiency and performance can be achieved by these motor drives with reduced harmonics. The
energy that a switching power converter delivers to a motor is controlled by Pulse Width
Modulated (PWM) signals applied to the gates of the power transistors. PWM signals are pulse
trains with fixed frequency and magnitude and variable pulse width. When a PWM signal is
applied to the gate of a power transistor, it causes the output voltage of the inverter to vary
according to its tum on time. The inverter converts DC power to AC power at the required
frequency and amplitude. The inverter consists of six power MOSFETs that turmn on and off in a
desired pattern to produce three phase AC output voitage. The control 1C is programmed and

implemented in Microconiroller to generate PWM gating pulses for the MOSFETSs.

In this project we develop a embedded controller for inverter using
microcontroller. The output voltage of the inverter 1s varied by varying the PWM switching
frequency of the gating pulses given to the power transistors (MOSFETSs) of the mverter. The
PWM switching frequency can be varied to a maximum of 10KHz. High switching frequency is
achieved which improves the performance by reducing total harmonics distortion and switching

loss.

Microcontroller Drivers N Three ph.
basecd SVPWM _ ,Opto pivm puses Inverter power
modulator ) 150120715 p————] module

Fig 1.1 System block diagram
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1.3 OBJECTIVE:

The main objective of this project is to design and develop Embedded based controller for

inverters and to Obtain variable operation voltage and frequency digitally.

1.4 ADVANTAGES OVER THE EXISTING SYSTEM:

Analog control scheme possesses the advantage of fast dynamic response, but suffers the
disadvantages of complex circuitry, limited functions, high cost, low processing speed and
difficulty in circuit modification. The rapid development in high-performance low-cost
microcontrollers has encouraged research on digital PWM control. This control scheme has the
advantages of simple circuitry, software control, and flexibility in adaptation to various

applications..
@ Digital functions make a high scale of integration possible

® Digital technology results in lower cost, high reliability , less floor space and low power

consumption.

® This technology offers flexibility and it provides better noise tolerance .



1.5 EXPECTED OUTPUT:

The designed P\YM inverter control IC has been realized using PICI6F877A.
Owing to the advantages of digital over analog .Six gate pulses from S1 through S6 from the
microcontroller are given to the MOSFET inverter moduie. The graph shows the six gate pulses
S1, S2, 83, S4, S5, 86 and R,Y,B are the 3 phase Inverter output voltage when connected to

resistive load.

L J

L J

Fig 1.2 Sample output waveform



1.6 ORGANIZATION OF THE REPORT

Chapter 1: Introduction to the project stating the need for this approach, objective and
methodology
Chapter 2: PWM Inverter — Gives a brief idea about the types of inverter, their operation,
basics of three phase inverter and 1ts modes of conduction, PWM technique
types, applications and its advantages.
Chapter 3: Gives the details about the hardware implementation. The isolation circuit,
Driver circuit and the power module are described
Chapter 4: Microcontroller — Describes about PIC 16F877, its architecture, design flow and
applications. Dectails the architecture and features of the microcontroller used
Chapter 3: Software code.
Chapter 6: Conclusion — The project done and the scope for future work are discussed.
Appendices: Gives the features and the speciﬁcationlof the ICs and the PIC microcontroller

Used,

1.7 METHODOLOGY:

1. Design of SPWM modulator in Embedded -C.

2. The simulation is carried out using MPLAB software.

3. The implementation is carried out using § or 16 bit micro controller,

4. The total hardware consists of inverter power module, driver, opto isolator and embedded

controller.



CHAPTER 2

INVERTERS - AN OVERVIEW



2.1 INVERTER BASICS

Introduction

An inverter is an electronic circuit for converting direct current (DC) to altemating
current (AC). Inverters are used in a wide range of applications, from small switched power
supplies for a computer to large electric utility applications to transport bulk power. The "H"
bridge inverter and the centre tapped inverter are the two basic circuits for controlled power flow
between DC and AC circuits. Alternative DC-AC connections such as the phase controlled
rectifier exist but cannot arbitrarily control the power flow and generally require a strong AC

supply with which to connect.
They are of two types

1. Single phase inverters

2. Three phase inverters.

Here we are using three phase inverters so lets see a brief description about this inverter

2.2 THREE PHASE INVERTER

2.2.1 Introduction

The inverter consists of three half-bridge units where the upper and lower switches are
controlled complimentarily. The three phase voltage source inverter is shown in figure 3.3. As
the power device's turn-off time is longer than its turn-on time, some dead-time must be inserted
between the turn-off of one transistor of the half-bridge and turn-on of its complementary device.
The output voltage is created by a pulse width modulation (PWM) technique. The 3-phase

voltage waves are shifted 120° to each other and thus a 3-phase motor can be supplied.
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Fig 2.1 Phase Voltage source inverter
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2.2.2 Modes of conduction

A three phase output can be obtained from a configuration of six transistors and six

diodes as shown in figure 3.4. Two types of control signals can be applied to the transistors.

= 180 conduction

»« 120 conduction

180 degree conduction

In this mode each transistor conducts for 180 . Three transistors remain on at any instant
of time. When 81 is switched on, terminal a is connected to the positive terminal of the de¢ input
voltage. When S4 is switched on, terminal « is brought to the negative terminal of the dc source.

There are six modes of operation in a cycle with duration of 60 each.

The gating signals are provided such that the switching sequence 1s $6 S1 52, S1 S2 83,
S2 S3 S84, S3 S4 S5, S4 S5 86 and S5 S6 S1 as in figure 3.4. The gating signals are shifted by

60" to obtain three phase balanced voltages as in figure 3.5.
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Fig 2.2 Gating signals for 180%cenduction

Fig 2.3Voltage waveform for 180" conduction

120 degree conduction

In this mode each transistor conducts for 120 . Three transistors remain on at any instant
of time. There are six modes of operation in a cycle with duration of 60°' each. The gating
signals are provided such that the switching sequence is S6 S1, St 82, §2 §3, 83 34, S4 85 and
S5 S6 as in figure. There is a delay of 30" turning off of S1 and turning on of S4. Thus there is no

possibility of short circuit of the dc supply through one upper and one lower transistor.

The voltage wavetform is shown in figure.

10
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2,3 PULSE WIDTH MODULATION
2.3.1 INTRODUCTION

Pulse Width Modulation, abbreviated as PWM, is a modulation technique that generates variable-
width pulscs to represent the amplitude of an analog input signal. It is a method of transmitting
information on a series of pulses. The data that is being transmitted is encoded on the width of these

pulses to control the amount of power being sent to a load.

In other words, pulse width modulation is a modulation technique for generating variable width
pulses to represent the amplitude of an input analog signal or wave. Using digital pulses we can create
some analog value other than just ‘high’ and ‘low’ signal levels. Many digttal systems are powered by a
5-Volt power supply, so by filtering a signal that has a 50% duty cycle we get an average voltage of 2.5
Volts. Other duty cycles produce any voltage in the range of 0 to 100% of the ‘high” voltage, depending
upon the PWM resolution. The duty cycle is defined as the percentage of digital ‘high’ to digital ‘low’
signals present during a PWM period. The PWM resolution is defined as the maximum pumber of pulses
that can pack into a PWM period. The PWM period is an arbitrarily time period in which PWM takes
place. It is chosen to give best results for our particular use. The figure 3.8 shows the PWM pulse

generated by comparing the sawtooth carrier and a reference signal.

R Ny A}

N AT TT AN A AN AN
\/\/\/\/\/W

pratd]
N2 —

] 1 [
el L I ]

Fig 2.6 Pulse Width Modulation
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2.3.2 TYPES OF PULSE WIDTH MODULATION

There are many ways of generating a PWM output such as

= Single pulse width modulation

=  Multiple pulse width modulation

= Sinusoidal pulse width modulation

= Space vector pulse width modulation

= Modified pulse width modulation
Multiple PWM

The harmonic content can be reduced by using several pulses in each half-cycle of the
output voltage. It is generated by comparing a linear reference signal with a triangular carrier
wave. The frequency of reference signal sets the output frequency and the frequency of the
carrier determines the number of pulses per half cycle. By varying the on time of the pulses the

output voltage can be controlled. This is also known as UNIFORM pulse width modulation.
Sinusoidal PWM

The simplest analog form of generating fixed frequency PWM is by comparison with a
linear slope waveform such as a sawtooth. As seen in Fig 3.9 the oufput signal goes high when
the sine wave is higher than the sawtooth. This is implemented using a comparator whose output

voltage goes to logic HIGH when the input is greater than the other.

modulating .
1 [
\lgl:l + MH UL
\ / Comparator.—l, alse Widih
/\/ k% / Modulated
carrier

Fig. 2.7 Sine Saw tooth PWM
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Space vector PWM

This PWM technique approximates the reference voltage Vref by a combination of the
cight switching patterns (V0 to V7). The sinusoidal voltage is treated as a constant amphitude
vector rotating at constant frequency. The vectors (V] to V) divide the plane into six sectors
(each sector: 60 degrees) as shown in fig 3.10. Vref is generated by two adjacent non-zero
vecetors and two zero vectors. The switching pattern for a single sector is shown in figure 3.11.
S1-86 arc the six power transistors of the inverter. The transistors are switched on and off in the

specific pattemn to produce the required output.

4
¥y, | ﬁ ﬁ.\
(1
It 1 e
¥, ¥y e
Y VI
3 3

Yer Vo o zera voltage vector

Fig 2.8 Basic switching vector

T. T,
Ty2) T | T Te2|Te2| T, | T |12
. L =|= L W il -|= ‘:I‘ o
Sy —
(upper) S; [ 1
S_§ [ 1
S, 1 f
(lovwer) Sy 1 !
S. — —]
v Ve V.o Vo V. V. Ve v

Fig 2.9 Switching pattern for sector-1
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2.3.3 APPLICATIONS

The popular applications of pulse width modulation are in power delivery, voltage

regulation and amplification and audio effects.
Power delivery

Pulse width modulation is used to reduce the total power delivered to a load without
resulting in loss, which normally occurs when a power source is limited by a resistive element.
The underlying principle in the whole process is that the average power delivered is directly
proportional 1o the modulation duty cycle. If the modulation rate is high, it is possible to smooth

out the pulse train using passive electronic filters and recover an average analog wave form.
Voltage regulation

High frequency pulse width modulation power control systems can be realized using
semiconductor switches. Here, the discrete ON or OFF state of the modutlation itself can be used
to control the switches, thereby controiling the voltage or current across the load. The major
advantage with these types of switches is that the voltage drop across it during conducting and
non-conducting states is ideally zero. PWM's field of application includes Class D audio
amplifiers, DC motor speed control, and light dimmers common in homes. Pulse width
modulation is widely used in voltage regulators. It works by switching the voltage to the load

with the appropriate duty cycle; the output will maintain a voltage at the desired level.
Audio effects

Pulse width modulation is also exploited in sound synthesis, especially subtractive
synthesis, as the process gives a chorus effect or that of slightly detuned oscillators played
together. Another application of PWM, as mentioned earlier, is the class D amplifiers, known for
better audio clarity alongside its basic function - amplification. The class D amplifier produces a
PWM equivalent of the input analog signal, which is in turn fed to the loud speaker after filtering
out the carrier wave by sending it through a suitable filter network. Due to the full on/off nature

of PWM output, such amplifiers produce less heat than their conventional analog counterparts.

15



2.3.4ADVANTAGES OF PWM

PWM technique has the following advantages

= Suppresses lower order voltage and current harmonics

= Improved power factor.

= Include a simple drive circuit

»  Good start-up characteristics and minimal heat dissipation in the pass transistor

= The signal remains digital all the way from the processor to the controlled system hence

no digital-to-analog conversion is needed

2.3.5 PWM CONTROLLER VS. RESISTIVE CONTROLLER

At a 50 percent level, the PWM will use about 50 percent of full power, almost all of
which is transferred to the load. A resistive controller at 50 percent load power would consume
about 71 percent of full power; 50 percent of the power goes to the load, and the other 21 percent
is wasted heating the dropping resistor. It takes a constant trickle of power to operate, so the

efficiency improves with higher power loads.

The pulses are at the full supply voltage and will produce more torque in a motor by
heing able to overcome the internal motor resistances more eastly. A resistive speed control will
present a reduced voltage to the load, which can cause stalling in motor applications. Finally, in a
PWM circuit, common small potentiometers may be used to control a wide variety of loads,

whereas large and expensive high power variable resistors are needed for resistive controllers.

Analog control scheme possesses the advantage of fast dynamic response, but suffers
the disadvantages of complex circuitry, limited functions, and difficulty in circuit modification.
The rapid development in high-performance low-cost microcontroller processors  has
cncouraged research on digital PWM control. This control scheme has the advantages of simple

circuitry, software control, and flexibility in adaptation to various applications.

16



CHAPTER 3

HARDWARE DESCRIPTION
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3.1 HARDWARE DESCRIPTION

This chapter describes the hardware model of the developed inverter. Based on the
simulation results. a prototype was manufactured and tested to verify the validity of the

developed inverter. The figure below shows the complete hardware of the prototype developed.

Fig 3.1 Hardware implementation of the circuit

18



3.2 BLOCK DIAGRAM OF THE DEVELOPED MODEL

Power
supply

ACto DC
converter

Filter

Inverter circuit

Ac
maotor

I

Gate driver circuit

I

Triggering signal
generator using
microcontroller

Fig 3.2 Block diagram of the developed prototype.
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3.3 DESCRIPTION OF THE BLOCK DIAGRAM

The figure above represents the block diagram of the developed model. The  switching
signal for the inverter was generated using the microcontroller (mc), Pic 16f877A. First the
signal from the mc goes to the optoisolator where electrical isolation takes place, then it is
amplified using a buffer CD 4050.This strong signal 1s given to the MOSFETS and a dc voltage
of 12 volts is obtained as an output and this is used to drive the three phase inverter circuit.
Similarly there are five more channels and totally six digital pulses are given to the three phase

inverter.
3.3.1 Input Source

The electronic circuits work under proper supply voltages. The input source given to the
circuit should be of DC veltage. The figure given below represents the input source given to the

circuit.

o ™
X N D3
[ - T
AC T ¢
470uF/100V
230V /45 o~ o
STEP DOWN = b4 5 D2
TRANSZFCRMER

Fig3.3 Representation of Input Source

The transformer is used to step down the voltage. The transformer used is of 230V/45V
step down transformer. The bridge circuit which consists of four diodes is available as a module.
The module number used here is 68424 International Rectifier (IR).This module is used for
rectification purpose. The voltage and the current rating is 600V and 20A respectively. The
capacitor is used to filtering the unwanted signals. Thus a de output voltage is obtained. The

output voltage obtained 1s given to the inverter circuit.

20



3.3.2 Power Supply circuit for triggering circuit

All electronic circuits works only in low DC voltage, so a proper power an
appropriate voltage supply is provided for their proper functioning. Therefore, the power
supply circuit for triggering circuit unit consists of transformer, rectifier, filter & regulator. AC
voltage of typically 230v is connected to a transformer voltage down to the level to
desired ac voltage. A diode rectifier that provides the full wave rectified voltage that is
intially filtered by a simple capacitor filter to produce a de voltage is provided. This
resulting dc voltage usuaily has some ripple or ac voltage variation . A regulator circuit
can use this d¢ input to provide dc voltage that not only has much less ripple voltage but also
remains the same dc value even when the dc voltage varies some what, or the load connected
to the output dc voltages changes. As per our project there are two power supply circuits. Now
for microcontrolier a regulator of IC LM 7805 is used .Here the output voltage is regulated to be

5v so that it is given as supply to the PIC microcontroller.

(n addition to this four other supplies are given. Here 12v is given as supply by using IC
LM 7812 regulator which will be discussed later in this report. The general block diagram and

the circuit designed for 12v power supply is shown below.

Transformer © | Reclifir | Filter | Reguistor
— i 7 —30C

Fig3.4(a) Block diagram of Power Supply circuit .
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POWER SUPPLY CIRCUIT :

i
14 3
| 5]
step down H2VY
franstormer 7812
T 01
13 3 ry
P, ‘:J];- 2
| A
4 :
g 8 3 |
230WA2Y
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04
1143 1
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Fig3.4 (b) power supply Circuit .
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Transformer

A transformer is a slatic piece of apparatus in which electric power in one circuit is
transformed into clectric power of same frequency in another circuit. It can raise or lower the
voltage in the circuit, but with a corresponding decrease or increase in current. It works with the
principle of mutual induction. Hence a step down transformer is used to provide the necessary
supply for the electronic circuits. Here a step down transformer of 230v/12v is used to step down

the voltage. Hence, a 230v ac is stepped down to 12v ac voltage.

Rectifier

A dc voltage level obtained from a sinusoidal input can be improved fully using a
process called full wave rectification. Therefore the full wave rectification is obtained using
Full-wave bridge rectifier. From the basic bridge configuration as shown in fig 6.3(b), it can be
observed that during the positive half-cycle of the input voltage, the power is supplied to the
load through diodes D1 and D2.During the negative cycle, diodes D3 and D4 conducts. In the
bridge rectifier the diodes may be of variable types like 1IN4001, 1N4003, 1N4004, 1N4005,
IN4007 etc... can be used. Here the diode used is 1N4007, because it can withstand voltages
upto 1000V,

Filters

In order to obtain a dc voltage of 0 Hz, a low pass filter is used. So that a capacitive filter
circuit is used where a capacitor is connected at the rectifier output and a dc voltage is obtained
across it. The filtered waveform is essentially a dc voltage with negligible ripples and it is

ultimately fed to the load.
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Regulators

The output voltage from the capacitor is more filtered and finally regulated. The vo'iage
regulator is a device, which maintains the output voltage constant irrespective of the change in
supply variations, toad variations and temperature changes. In our project we make use of two
voltage regulators.Here a fixed voltage regulator namely LM7805 and LM7812 are used. The IC
LM7805 is a +5v regulator

which is used for microcontroller and IC LM7812 is used for the mosfets at the driver side.

The LM78XX scrics of three terminal regulators is available with several fixed output voltages
making them useful in a wide range of applications. One of these is local on card regulation,
eliminating the distribution problems associated with single point these regulation. The voltages
available allow these regulators to be used in logic systems, instrumentation, HiFi, and other

solid state electronic equipment. Al-though

designed primarily as fixed voltage regulators devices can be used with external components to
obtain adjustable voltages and currents. The LM78XX series is available in an aluminum TO-3

pack-age which will allow over 1.0A load current if adequate heat sinking is provided.

Current limiting is included to limit the peak output current to a safe value. Safe area
protection for the output transistor is provided to limit internal power dissi-pation. If intemal
power dissipation becomes too high for the heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating. Considerable effort was expanded to make the
LM78XX series of regulators easy to use and minimize the number of external components. It is
not necessary to bypass the output, although this does improve transient response. Iiput by-
passing is needed only if the regulator is located far from the filter capacitor of the power supply.
For output voltage other than 5V, 12V and 15V the LM117 series provides an output voltage
range from 1.2V to 57V.

Output current in excess of 1A is obtained and it also provides Internal thermal overload

protection. No external components are required. Available in the aluminum TO-3 package.
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Circuit diagram of LM78XX

'J, il INPUT
airs
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R13
T ate
A1Q
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R16
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2 26k
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Fig3.5 Circuit diagram of LM78XX
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3.3.3 Optocoupler

Optocoupler 1s also termed as optoisolator. They are essentially a comuination of two
distinct devices: an optical transmitter, typically a gallium arsenide LED (light-emitting diode)
and an optical receiver such as a phototransistor or light-triggered diac or a resistor that changes
resistance with variations in light intensity or other device that conducts differently in the
presence of fight. These devices are used to isolate the control voltage from the controlled
circuit. Optocouplers typically come m a small 6-pin or 8-pin IC package.. The two are separated
by a transparent barrier which blocks any electrical current flow between the two, but does allow
the passage of light. The basic idea is shown in Fig.6.5, along with the usual circuit symbol for

an optocoupler.

Fig 3.6 Construction of a typical optocoupler and the circuit symbol

Usually the electrical connections to the LED section are brought out to the pins on one
side of thc package and those for the phototransistor or diac to the other side, to physically
separate them as much as possible. This usually allows optocouplers to withstand voltages of
anywhere between 500V and 7500V between input and output. Optocouplers are essentially

digital or switching devices, so they are best for transferring either on-off control signals or
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digital data. Analog signals can be transtferred by means of frequency or pulse-widrh modulation.

Thus the triggering pulses are given to the inverter circuit.

The optocoupler used in our circuit is SFH615.This features a high current transfer ratio,
low coupling capacitance and high isolation test voltage. They employ a GaAs led as emitter
which 1s optically coupled with a silicon planar photo transistor as detector. The components are
incorporated in a plastic plug-in DIP-4 package. The coupling devices are designed for signal
transmission between two electrically i1solated circuits. The potential difference between the
circuits to be coupled is not allowed to exceed the maximum permissible reference voltages. The
couplers are end stackable in a 2.54 mm and are considered as successor types for the couplers in
metai case. Multl couplers can thus easily be implemented and conventional multicouplers can

be easily replaced.

FEATURES:

¢ Isolation test voltage is 2800 volts.

e High current transfer ratio

At 10 mA : 40-320 %
At 1 mA : 60 %.

* Fast switching times
» Stable temperature
e Low saturation voltage

» High collector emitter voltage of 70v
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3.3.4 Driver Circuit:

The driver circuit forms the most important part of the hardware unit because it acts as
the backbone of the inverter. It gives the triggering pulses to the switches in the proper sequence.

The signal after being electrically isolated is given to the driver circuit. The diagram given below

represents the driver unit.

Sv S5 12y
12%
TR
%m T400
Channel | : MOS0 "
| B " - " [y R 540
ERIRNLE j:H :
" _%—['1 RFPS520
1k
4 opto Ik i Diiver circut
—  coupler

Fig 3.7 Driver circuit.

(Driver circuit for a single channel)
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Schematic Diagram of CD4050B:

cc

_l b

1 =-
ou
S8

Ny

p

1.
Fig 3.9 Schematic Diagram of CD4(50B

CD4050B device is an inverting and non-inverting hex buffers, respectively, and feature logic-
level conversion using only one supply voltage (VCC). The input-signal high level {VIH ) can
exceed the VCC supply voltage when these devices are used for logic-level conversions. These
devices are intended for use as CMOS to DTL / TTL converters and can drive directly two
DTL/TTL loads. (V CC=5V, VOL _04V,and [OL _ 3.3mA.).The CD4049UB and CD4050B
are designated as replacements for CD4009UB and CD4010B, respectively. Because CD4050B
requires only one power supply, they are preferred over the CD4010B and should be used in
place of CD4010B in all inverters, current dnvers, or logic-level conversion applications. In
these applications the CD4049UB and CD4050B are pin compatible with the CD4009UB and
CD4010B respectively, and can be substituted for these devices in existing as well as in new

designs. Terminal No. 16 is not connected intemnally on the CD4049UB or CD4050B, therefore,

connection to this terminal is of no consequence to circuit operation.

30



MOSFETs

The signal from the buffer amplifier is given to the MOSFET circuit. On top is the N
channel IRF 840 and P channel IRFP 9520. When the input is Qv , P channel mosfet conducts
which is connected to ground. So there is no cutput. When the input is 1v, then the N channel
mosfet conducts and gives an output voltage of 12 v, which in turn is used to drive the inverter.

The output obtained by this manner is sharp.

IRF 840

Symbol of IRF 840.

00

&gl
L]

o

Fig 3.10 Symbol of IRF 840

These N-Channel enhancement mode power field effect transistors are
produced using Fairchild’s proprietary, planar, CMOS technology. This advanced technology has
been especially tailored to minimize on-state resistance, provide superior switching performance,
and withstand high energy pulse in the avalanche and commutation mode. These devices are well
suited for high efficiency switch mode power supplies,power factor correction and electronic

lamp ballasts based on half bridge.
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Features:

* 8.0A, 500V, rds(on) = 0.8;VGS = 10 V.
+ Fast switching.

» 100% avalanche tested.

* Improved dv/dt capability.

IRF9520
)
G
S
Fig 3.11 Symbe! of IRF9520
SOURCE
DRAIN (FLANGE)

Fig 3.12 IRF9520 packaging.
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This advanced power MOSFET is designed, tested, and guaranteed to withstand a specified level

of energy in the breakdown avalanche mode of operation. These are

P-Channcl enhancement mode silicon gate power field effect transistors designed for
applications such as switching regulators, switching converters, motor drivers, relay drivers and
drivers for high power bipolar switching transistors requiring high speed and low gate drive

power. These types can be operated directly from integrated circuits.

Features:

s 1ds{ON) = 0.600 ohm.

* Single Pulse Avalanche Energy Rated
» SOA is Power Dissipation Limited

» Nanosecond Switching Speeds

¢ Linear Transfer Characteristics

* High Input Impedance
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3.3.5 Inverter Unit

The inverter circuit involves s.x switches. It consists of single DC source. The figure
given below represents the inverter circuit, The switches used for the inverter circuit is
MOSFET. The number involves IRF P460. There are totally six switches namely <,53,s5 on top
and s4, s2, s6 at the bottom. A snubber circuit is being provided along with the MOSFETs. The
snubber circuit consists of a resistor and a capacitor. The resistor is rated at 100 ohms and the
capacitor is rated at 0.1 micro farad. The values of capacitor and resistor are same for all the

snubber circuits 1n the inverter ¢ircuit.

1 [P 1
g1 53 g5
{ 0.ty { 0.1 { 0.y
100chm 10Dehrm 100¢hm
+ -

S00u — B

sb T 52
0.ty { 6.1u {
100shm 10Dehm

80v dc

< A

54
0w

100¢km

v

S

Fig. 3.13 Inverter Circuit
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MOSFET

The component that is used as the switch in the inverter unit is the MOSFET which is a
voltage controlled device. They are the power semi conductor devices that have a fast switching

property with a simple drive requirement.

Fig 3.14 (a) MOSFET Switch Fig 3.14 (b) MOSFET Symbol

V= 500 V

Rds (on) = 0.27 ohm

This MOSFET provides the designer with the best combination of fast switching, rugged
device design, low on-resistance and cost-effectiveness. This package is preferred for

commercial and industrial applications where higher power levels are to be handled.
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Construction and Operation principle of MOSFET

There are two basic ypes of MOSFETs. They are N Channel depletion type and N

Channel enhancement type.

A. N Channel depletion type B. N Channel enhancement type

Metal contact I

Metal contacts

Etype subsorace .
Sio; layer

h ' No Channel

Fig 3.15 A, B MOSFET Types

Channel
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A.N Channel depletion

The N channel lepletion type of MOSFET is constructed with p -Substrate. It has two n
doped regions, which forms the drain and source. It has Sio, insulating layer between the channel

and the metal layer. Thus it has three terminals namely drain source and gate.

With a negative gate voltage, the negative charges on the gate repel conduction electrons
from the channel, leaving positive ions in their place. Thereby, the N-channel is depleted of some

of its electrons, thus by decreasing the channel conductivity.

When a positive voltage is applied between the gate and source, more electrons are
induced in the channel by capacitor action. So there s a flow of current from drain to source. As
the gate source voltage increases, the channel gets wider by accumulation of more negative
charges and resistance to the channel decreases. Thus more current from flows from drain to
source. As there is a current flow through device for zero gate source voltage, it is normally

called as ON MOSFET.

B.N Channcl Enhancement.

The N channel enhancement MOSFET is similar to the depletion type in the construction
except that there is no physical existence of the channel when it is unbiased.

When the positive voltage 1s applied between the gate and the source, the electrons get
accumulated in the channel by capacitive induction in the channel formed out of electrons
allowing the flow of current. This channel gets widened as more positive voltage is apphied
between gate and source. There will not be any condition through the device if the gate source

voltage is negative.

As the enhancement type MOSFET conduct only after applying positive gate voltage, it
is also called as normally OFF MOSFET. For this reason it becomes easily controllable and is

used in power electronics as a switch.
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3.3.6 Three- phase Induction Motor

Three-phase AC induction motors are widely used in industrtal and commercial
applications. These motors are self-starting and use no capacitor, start winding, centrifugal

switch or other starting device. They produce medium to high degrees of starting torque.

The power capabilities and efficiency in these motors range from medium to high
compared to their single-phase counterparts. Popular applications include grinders, lathes, dnill
presses, pumps, COmpressors, conveyors, also printing equipment, farm equipment, electronic

cooling and other mechanical duty applications.
They are classified as

» Squirrel cage

= Wound-rotor motors.

Squirrel Cage Motor

A typical squirrel cage rotor construction is shown on the figure 3.4. The cage is
constructed from rotor bars (generally copper), typically insulated from and embedded in the
rotor body. The bars are then shorted together with end rings at either end. There are no slip rings

nor any DC excitation supplied to the rotor. It 1s a cylindrical not salient.

Almost 90% of the three-phase AC Induction motors are of this type. Here, the rotor is of the
squirrel cage type and it works as explained earlier. The power ratings range from one-third to
several hundred horse power in the three-phase motors. Motors of this type rated one horsepower

or larger, cost less and can start heavier loads than their single-phase counterparts.
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Fig 3.16a) Embedded Squirrel Cage rotor

{b) Conductive Cage removed from rotor

Wound-Reotor Motor

The slip-ring motor or wound-rotor motor is a variation of the squirrel cage induction
motor. While the stator is the same as that of the squirrel cage motor, it has a set of windings on
the rotor which are not short-circuited, but are terminated to a set of slip rings. These are helpful
i adding external resistors and contactors as shown in figure 3.5. The slip necessary to generate
the maximum torque {(pull-out torque) is directly proportional to the rotor resistance. In the slip-
ring motor, the effective rotor resistance ts increased by adding external resistance through the
slip rings. Thus, it is possible to get higher slip and hence, the pull-out torque at a lower speed. A
particularly high resistance can result in the pull-out torque occurring at almost zero speed,
providing a very high pull-out torque at a low starting current. As the motor accelerates, the
value of the resistance can be reduced, altering the motor characteristic to suit the load
requirement. Once the motor reaches the base speed, external resistors are removed from the
rotor. This means that now the motor is working as the standard induction motor. This motor
type ts ideal for very high inertia loads, where it is required to generate the pull-out torque at

almost zero speed and accelerate to full speed in the minimum time with minimum current draw.

Here the motor used n our project is 3 phase ac induction motor with an average
speed of 1330mpm
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PIC 16F877 MICROCONTROLLER

3.4.1 MICROCONTROLLER CORE FEATURES:

High-Performance RISC CPU:
* Only 35 single-word 1instructions to learn
» All single-cycle instructions except for programbranches, which are two-cycle
+ Operating speed: DC — 20 MHz clock input DC — 200 ns instruction cycle
+ Up to 8K x 14 words of Flash Program Memory,
Up to 368 x & bytes of Data Memory (RAM),
Up to 256 x 8§ bytes of EEPROM Data Memory
« Pin out compatible to other 28-pin or 40/44-pm
PICI6CXXX and PIC16FXXX microcontrollers

Analog Features:
= 10-bit, up to 8-channel Analog-to-Digital Converter (A/D)
+* Brown-out Reset (BOR)
« Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference (VREF) module
- Programmable input multiplexing from device inputs and internal voltage reference

- Comparator outputs are externally accessible
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Special Microcontroller Features:

+ 100,000 erase/write cycle Enhanced Flash Program memory typical

+ 1,000,000 erase/write cycle Data EEPROM memory typical

» Data EEPROM Retention > 40 years

+ Self-reprogrammabie under software control

+ In-Circuit Serial Programming™ (1CSP™) via two pins

= Single-supply 5V In-Circuit Serial Programming

+ Watchdog Timer (WDT} with its own on-chip RC oscillator for reliable operation
* Programmable code protection

» Power saving Sleep mode

= Selectable oscillator options

+ In-Circuit Debug (ICD) via two pin
* Low-power, high-speed Flash/EEPROM technology

» Fully static design
* Wide operating voltage range (2.0V to 5.5V}
* Commercial and Industrial temperature ranges

* Low-power consumption
* Programmable code protection

» Power saving Sleep mode
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3.4.2 PIN DIAGRAM:

40-Pin PDIP
MCLRIVPP =[] 1 \_/ 40 [] =—e RB7/PGD
RAQ/ANG w—-[] 2 39 [] ~—= RBE/PGC
RATANT -—[13 38 [] ~—» RBS
RAZIANZ2VREF-/CVREF w—[] 4 37 1] -—= RB4
RAJIANINVREF+ w—= [15 36 [] e RB3/PGM
RA4/TOCKECIOUT «—[]56 35 [] = RB2
RAS/AN4/SS/C20UT =—=0 7 g_ 34 [] +—= RB1
REQ/RD/ANS =[] 8 N33 ] e RBO/NT
RE1TAVR/ANG =[] E 32 ] «— VDD
RE2/CSIANT -e— ] 10 < 3% [} — V35
VOO —[] 1t & 30 []-— RD7/PSP7
ves — w[]12 ¥ 29 {]-~— RDB/PSP6
OSC2ICLKO =—[] 14 g 27 [] ~—e RD4/PSP4
RCOT10SO/T1CK] e—[] 15 26 ] & RCTRXIDT
RCH/T10SICCP2 wa—[] 16 25 [] <« RCHTXCK
RC2/ICCP1 w—s[] 17 24 [] =—e RC5/SDO
RC3/SCK/SCL =—[] 18 23 [J «—= RC4/SDI/SDA
RDO/PSPO «—[] 10 22 [] ~— RD3/PSP3
RD1/PSP1 =—= ] 20 21 [] e RD2/PSPZ

Fig 3.17 Pin diagram of PIC 16F877A
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Peripheral Features:
» Timer0: 8-bit timer/counter with 8-bit prescaler
» Timer]: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external crystal/clock
+ Timer2: 8-bit timer/counter with 3-bit period register, prescaler and postscaler
* Two Capture, Compare, PWM modules
- Capture 15 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
» Synchronous Serial Port (SSP) with SPI™
» Universal Synchronous Asynchronous Receiver Transmitter (USART/SCI)
with 9-bit address detection
+ Parallel Slave Port (PSP) — 8 bits wide with external RD, WR and CS controls
* Brown-out detection circuitry for Brown-out Reset (BOR)
« The PICI6F873A and PICI6F874A have one-half of the total on-chip memory of the
PIC16F876A and PIC16F877A
* The 28-pin devices have three [/O ports, while the 40/44-pin devices have five
+ The 28-pin devices have fourteen interrupts, while the 40/44-pin devices have fifteen
*» The 28-pin devices have five A/D input channels, while the 40/44-pin devices have
eight

« The Paraliel Slave Port is implemented only on 40/44 pin devises.
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3.4.3 MEMORY ORGANIZATION

There are three memory blocks in each of the PIC16F87XA devices. The program
memory and datamemory have separate buses so that concurrent access can occur and they are as

follows,

Program Memory Organization

The PIC16F87XA devices have a 13-bit program counter capable of addressing

an 8K word x 14 bit program memory space. The PIC16F876A/877A devices have 8K words x

14 bits of Flash program memory, while PIC16F873A/874A. devices have 4K werds x 14 bits.

Accessing a location above the physically implemented address will cause a wraparound.

Data Memeory Organization
The data memory is partitioned into multiple banks which contain the General
Purpose Registers and the Special Function Registers. Bits RP1 (Status<6>) and RFP0

(Status<5>) are the bank select bits.

Table 3.1 Data Memory Organization

RP1 : RP0 BANK
00 0
ol 1
10 2
11 3

44



Each bank extends up to 7Fh (128 bytes). The lower locations of each bank are
reserved for the Special Function Registers. Above the Special Function Registers are General
Purpose Registers, implemented as static RAM. All implemented banks contain Special Function
Registers. Some frequently used Special Function Registers from one bank may be mirrored in

another bank for code reduction and quicker access.

3.4.4 GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or indirectly, through the File

Select Register (FSR).

I/O PORTS

Some pins for these I/O ports are multiplexed with an alternate function for the
peripheral features on the device. In general, when a peripheral is enabled, that pin may not be

used as a general purpose I/O pin.

PORTA and the TRISA Register

PORTA i1s a 6-bit wide, bidirectional port. The comesponding data direction
register 1s TRISA. Setting a TRISA bit (= 1) will make the corresponding PORTA pin an input
(1.e., put the corresponding output driver in a High-Impedance mode). Clearing a TRISA bit (=
0) will make the corresponding PORTA pin an output (i.e., put the contents of the output latch on
the selected pin). The TRISA register controls the direction of the port pins even when they are
being used as analog inputs. The user must ensure the bits in the TRISA register are maintained

set when using them as analog inputs.
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PORTB and the TRISB Register

PORTB is an &8-bit wide, bidirectional port. The corresponding data direction
register is TRISB. Setting a TRISB bit (= 1} will make the corresponding PORTB pin an input
(1.e., put the corresponding output driver in a High-Impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an cutput (i.e., put the contents of the output latch on
the sclected pin). Three pins of PORTB are multiplexed with the In-Circuit Debugger and Low-
Voltage Programming function: RB3/PGM, RB6/PGC and RB7/PGD. The altemate functions of

these pins are described in “Special Features of the CPU”.

PORTC and the TRISC Register

PORTC is an 8-bit wide, bidirectional port. The corresponding data direction
register is TRISC. Setting a TRISC bit (= 1) will make the corresponding PORTC pin an input
{L.e., put the corresponding output driver in a High-Impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e., put the contents of the output latch on
the selected pin). PORTC is multiplexed with several peripheral functions (Table 4-5). PORTC
pins have Schmitt Trigger input buffers. When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. |

PORTD and TRISD Registers
PORTD is an 8-bit port with Schmitt Trigger input buffers. Each pin is
individually configurable as an input or output. PORTD can be configured as an 8-bit wide

microprocessor port (Parallel Slave Port) by setting control bit, PSPMODE (TRISE<4>). In this
mode, the input buffers are TTL.
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PORTE and TRISE Register

PORTE has three pins (REO/RD/ANS, REI/WR/AN6 and RE2/CS/ANT)
which are individually configurable as inputs or outputs. These pins have Schmitt Trigger input
buffers. The PORTE pins become the I/O control inputs for the microprocessor port when bit
PSPMODE (TRISE<4>) is set. In this mode, the user must make certain that the TRISE<2:0>
bits are set and that the pins are configured as digital inputs. Also, ensure that ADCONI is
configured for digital I/0O. In this mode, the input buffers are TTL.

3.4.5 ANALOG-TO-DIGITAL CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five inputs for the 28-pin
devices and eight for the 40/44-pin devices. The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module has high and low-voltage reference input
that is software selectable to some combination of VDD, VSS, RA2 or RA3. The A/D converter
has a unique feature of being able to operate while the device 1s in Sleep mode. To operate in
Sleep, the A/D clock must be derived from the A/D’s internal RC oscillator.

The A/D module has four registers. These registers are:
« A/D Result High Register (ADRESH)
= A/D Result Low Register (ADRESL)
» A/D Control Register 0 (ADCONO)
» A/D Control Register 1 (ADCON1)

The ADCONO register, shown in Register 11-1, controls the operation of the
A/D module. The ADCONI register, shown in Register 11-2, configures the functions of the port
pins. The port pins can be configured as analog inputs (RA3 can also be the voltage reference) or
as digital 1/0O.

For the A/D converter to meet its specified accuracy, the charge holding
capacitor (CHOLD) must be allowed to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source impedance (RS) and the internal
sampling switch impedance (RSS) directly affect the time required to charge the capacitor

CHOLD. The sampling switch {RSS} impedance varies over the device voltage (VDD);
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sce Figure 1 1-2. The maximum recommended impedance for analog sources is 2.5 kO. As
the impedance is decreased, the acquisition time may be decreased. After the analog input

channel is selected (changed), this acquisition must be done before the conversion can be started.

The ADRESH:ADRESL registers contain the 10-bit result of the A/D
conversion. When the A/D conversion is complete, the result is loaded into this A/I> Result
register pair, the GO/DONE bit (ADCONO0<2>) is cleared and the A/D interrupt flag bit ADIF is
set. The block diagram of the A/D module is shown in Figure 11-1. After the A/D module has
been configured as desired, the selected channel must be acquired before the conversion is

started. The analog input channels must have their corresponding TRIS bits selected as inputs.

To calculate the minimum acquisition time, Equation 11-1 may be used. This
equation assumes that 1/2 LSb error is used (1024 steps for the A/D). The 1/2 LSb error 1s the

maximum error allowed for the A/D to mect its specified resolution

1: The reference voltage (VREF) has no effect on the equation since it cancels itself out.

2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 2.5 kO. This is required to meet
the pin

leakage specification
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ADCONO REGISTER (address: 1Fh):
Table 3.2 ADCONO REGISTER (address: 1Fh)

R/W-0 RW-0 RMW-0 RAW-0 R/W-0 RMW-0 U-0 RMW-0
ADCST | ADCSO | CHS2 | cHst | cHso [GoDONE| — | Apown
bit7 pit 0
bit 7-6  ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONG bits in bold)
ADCON1 ADCONO .
<ADCS2> | <ADCS1:ADCS0> Clock Conversion
: 00 Fosci2
7 o1 Fosc/8
10 Fosc/32
21 Frc {clock derived from the internal A/D RC osciltator)
: ge Foscla
. 01 FOsci16
‘ 10 Fosci/g4
11 Fre {clock derived from the internal A/D RC oscillator)

bit 5-3 CHS2:CHSO0: Analog Channel Select bils
=57 = Channel 0 {ANO)
coz = Channel 1 {AN1}
210 = Channel 2 {(AN2)
L2 = Channel 3 {AN3)
222 = Channel 4 {AN4)
21 = Channel 5 (AND)
=22 = Channel 6 (AN&)
1o = Channel 7 (AN7)

Note:  The PIC16F873A/876A devices only implement A/D channels @ through 4; the
unimplemented seleclions are reserved. Do not select any unimplemented
channels with these devices.

bit 2 GO/DONE: A/D Conversion Status bit
When ADON = <
1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
2 = A/D conversion not in progress
bit 1 Unimplemented: Read as ‘¢’
bit 0 ADON: A/D On bit

= = A/D converter module is powered up
c = AD converter madule is shut-off and consumes no operating current
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The ADRESH: ADRESL registers contain the 10-bit result of the A/D
conversion. When the A/D conversion is complete, the result is loaded into this A/ID Result
register pair, the GO/DONE bit (ADCONO0<2>) is cleared and the A/D interrupt flag bit ADIF is
set. The block diagram of the A/D module is shown in Figure 11-1. After the A/D rnodule has
been configured as desired, the selected channel must be acquired before the conversion is
started. The analog input channels must have their corresponding TRIS bits selected as inputs.

To determine sample time “A/D Aequisition Requirements” is used.
After this acquisition time has elapsed, the A/D conversion can be started. To do an A/D
Conversion, follow these steps:
1. Configure the A/D module:

+ Configure analog pins/voltage reference and digital YO (ADCON1)

« Select A/D input channel (ADCONO)

» Select A/D conversion clock (ADCONO)

* Turmn on A/D module (ADCONO)

o)

. Configure A/D interrupt (if desired):
* Clear ADIF bit
+ Set ADIE bit
» Sct PEIE bit
» Set GIE bit
3. Wait the required acquisition time.
4. Start conversion:

» Set GO/DONE bit (ADCONO)

h

. Wait for A/D conversion to complete by either;
+ Polling for the GO/DONE bit to be cleared (interrupts disabled); OR
= Waiting for the A/D interrupt
6. Read A/D Result register pair (ADRESH:ADRESL), clear bit ADIF if required.
7. For the next conversion, go to step 1 or step 2 as required. The A/D conversion time

per bit 1s defined as TAD.A minimum wait of 2TAD is required before next acquisition starts.
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CHAPTER 4
SOFTWARE DETAILS
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4.1 FLOWCHART DESCRIPTION:

A simple flow chart is uscd to explain the program to generate the pwm pulses. The

flowchart is explained in simple steps as follows,

»

-

¥

v

v

\ 4

The timer is initially made zero.

» The timing pulse values are randomly generated to be given to the three phase

inverter.

The randomly generated values are

Oms, 10ms,57ms,067ms,77ms,124ms. 1 34ms,144ms,191ms,201ms as specified in the
switching sequence table.

The outputs are obtained at port B sequentially for the timings mentioned above.
They output values are 0*42, 0*52, 0%50, 0*30, 0*38, 0%28, 0*0C, 0*CE, 0*06, 0*42
respectively.

These values are obtained from the switching sequence tables.

The cycle repeats again till the power supply is on.
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4.2 FLOWCHART:

START

TMR=-0

< ]

YFS

'
/ T'leo:ns /

¥
/ TIM?Oms / / T]Tims / / Tll\rlmé?r%s / / T1M==77m1 Jr/

0#42 PORTE

*52PORTE

050 PORTE

30 PORTE

{*IRPORTB

¥

¥

L]

¥

¥

!

Y

TIN=121

]
/ /TIM=134 / /ijmq //T]M=]0]:£ / TIM=201ms /

¥

Y

h

¥

2% PORTR

0*0C PORTB

I*CE PORTS

‘ 1406 PORTB

u*1z PORTH

¥

¥

¥

¥

THMR=TIMER
TIM=SWITIHNG TIMINGS GENERATED IN PIC16F877A

CYCLE REPEATS

»

5TOP

Fig 4.1 Flowchart to generate pwm pulses
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The simulation 1s done on the MPLAB software. The step by step procedure is given below,

#» MPLAB IDE is selected for programming.

» PIC16F877A device is selected.

# HITECH CCS C COMPILER SUITE for PIC controller is selected for compilation of the
program.

Creation of the new project directory is made.

Program is written using the header file “include<16f877.h> and saved in the .C format.

The file is added to the project directory for compilation and simulation.

Y ¥V VvV Y

Now the compilation is done.

» A new output window opens which contains the information “BUILD SUCCESSFUL”
if the program doesn’t have any errors.

After converting it into HEX file format, the program is ready to be simuiated.

Now select the LOGIC ANALYZER window for analysis of the code.

Select the ports RB1,RB2,RB3,RB4,RB5,RB6 of PIC16F877A as the output ports.

V V VvV V

The crystal oscillator frequency of 4MHZ is selected.
CCP1 port is also selected 1f the pulses of 4MHZ crystal oscillator have to be displayed.

v

Finally the simulation is done in the logic analyzer and the switching sequernce pulses are
obtained for the ports mentioned above.

The output generated by running this program in MPLAB software is given below
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4.3 OUTPUT FOR 50 HZ

L WS p"'*ﬁpiﬁ"i:r% 152 . oglc Am!yzel]

T Fhe Edit \new Projoct Debugger  Programener  Tools Configure  Window  Help

DBl @z '='-:*au>?| R0 e0 00 £ Y 4|
Checksum: Dxta0 _; bIiob T PR @J
Tragpor Fasiton : Tiigge FC = : Tune Baze Modse
S Conter GERd O Now ji_Cen ] Crc v| Sepe
PR |
t
5
§| ros
i' ,—
' RBS :
% RB2
'| res !
.| mB1 ‘
’
RB4 : J
¢ ooey
i
B T T LI LI T 1T T L3 ) T LIRS LA A B B I | L 1T T T T LI L LN L L L rTrrrr 1111 1T rrrrrr LI
: ol 20000 40000 6003.0 800c.0 100000 120000 14000.0 160000 130000 200030 20000 240000 260000
MPLAG STM PICKR 2 PICIBFETTA pe:xdot S ) ZRCC _ M bank(

US“‘}&“ - s

Microcontroller used Crystal oscillator frequency

Crystal oscillator puises

Fig 4.2 output for 50 hz
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4.4 OUTPUT FOR 25 HZ

;;rrmni‘l 734 MPLAB IDE vB.15: - [Logic Analyzer]
T Fie EdR Wiew Prajct Detugger  Prograr Tocks e ek

e = o Tout e
b oM BIREG|

Trageer Positon Tinger FC - Trre 83 Wnge

Slat 75 Cantor {3 End O Chos | Oy wi .Sinpie
Tl ae
P ]

Checksom: Ox1b

AIEA :

Lilikg

AB3

FiE4

RES ! |

RBE

Fig 4.3 output for 25 hz

The figures above show the switching pulses of the inverter. These pulses are generated from
the microcontroller. This is the simulation output screen of microcontroller using MPLAB

software.
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CHAPTER 5

TEST RESULTS
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5.1 TEST RESULT

5.2 OUTPUT FOR 50HZ:

IN MOTOR:

Frequency : 50Hz

Motor speed : 1205rpm

IN SCOPE :

50V fdiv

5ms/ div

Fig 5.1 Inverter output voltage: U g_y - Line to line
voltage, fo =50 Hz
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3.3 OUTPUT FOR 25Hz :

IN MOTOR :

Frequency : 25Hz

Motor speed : 700rpm

IN SCOPE :

+ Displacement between two voltage waves

S0 V/div

10 ms [ div

Fig 5.2 Inverter output voltage: Uy and Upg
Line to line voltage, fy =25 Hz .
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CHAPTER 6

CONCLUSION
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CONCLUSION:

In this project a THREE PHASE INYVERTER USING EMBEDDED
CONTROLLER has been designed and implemented. By doing so the disadvantages present in
analog based design are overcome. The advantages of the new system are a simple circuitry,

reduced system size and minimum cost.

A buffer circuit is used to enhance the signal strength so that the inverter designed can
be used for industnial purpose. The PIC 16f877A has the required features for programming in

C language. The output of the three phase inverter is shown by running the induction motor at 25
Hz and 50 Hz.

In future this can be enhanced by implementing the same in Digital signal processing

(DSP) or by FPGA. This will enhance the speed and effictency of operation
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APPENDIX A

PIC 161877 A-Architecture
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Fig A.1 PIC 16f877A-Architecture
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PIC16F87XA DEVICE FEATURES

Table A.1 PIC16F87X A device features

Key Features _il.l: 16F373A P!E_LGFB?.{A PICH BE?GA PICIGF8T7A
Cparating Fraquency DC — 20 MHz DC — 28 MHz DC - 20 MHz DC - 20 MHz |
Resets {and Dztays) PSR, 30R POR, BAOR POR, 3OR POR, 30R

(PYWRT, OSTh PWRT, O8T {PWRT, ST PWRT, 05T

Flask Program Mamory L1 4k BK C1e
{*2-pit words:
Cata Memery (bytes; 182 - 283 285
EEPROM Cata Mamgry (Dyies) el ti8 253 253
Insarrupts 14 15 T4 15
Y0 Pers Forls 4, 5. C Pors &, 3.C, 0, E Ports 2. 5. C Pors A 5,C, D, E
Timers 2 2 3 3
Capture/Compare/PWh modules 2 2 2 2
Serial Communications MSEP, USART MSSP, USART MSSP USART IASEP, USART
Parailel Commurications _ =ER —_ PSP
10-bit Analog-te-Digital Module 5irputchannels | & irputchammels | Sinputchanasls | 5 input channels
Anzlog Comsarators 2 2 2 2

instructen Set

3% Insructions

2E Instructions

35 Insructicns

3E Instructons

Packages 28-pin PCIP 40-pin PTIP 28-pin 22IP L3-pin PRIP
22-pin SCIC 4e-pir PLCC 22-min SCIC d=-pin FLCC
2z-pin SECP +2-pin TQF2 23-pin SSCF 42-pin TQF®
Z8-pir QFN Sd-pir GFMN 22-prn 2FM 22pin QFM
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PIC16F874A/877A PINOUT DESCRIPTION

Table A.2 PIC16F874A/877A pinout description

. PZIP | PLCC |TQFP| QGFN | Q¥R Butfer e
Pin Name 2in# | Pind | Pin# | Pint | Type Type Description
OEC1CLK He s 2% a2 Sioos| Cseillaler erystal or Sxtemnal Sack nput
5z Cscillazer grysial maut or 2xiernal dock sourne
input. $7 bufer whan confpured S0 made;
ctrervise TMOS
oI Sxtema. codL U Mol A ways asscciates
wth pr funeten 0301 [see OSCUILK,
OSCCLKGC pinst,
O3CHTLRO o4 °5 i 33 — Cseillaier crystd or cleck quiout.
oty > Trsoiator crystal cutpur.
Caonnacts to crysta. or resenaicr in Crysia
Oszillazor mooe.
fasi iy o 2 RS meoae, 23C2 pr aupits TLEC, wheh
n3s 114 e hequency of DT ang dencies the
mSTUCLON CYCe I
RCLAN == 1 2 i3 -] 3T Master Clear (inputl or programetng voitsge foutsat).
MICLR taster Clear IR2set) ot This gin is an aetive
‘ot Reset 1o the dewge.
Ve = Programr tg volage inol
2CRTA s aberertional Q) aon.
RALEANG 2 2 T2 ‘2 T
qAL ] Cztal 1o
AMG i Anaicg npui
RATANIT 2 B Z3 22 T
A s =g - Fa N
A1 Anacg npus 1
RA2IANIVRE=T e | £ z e o -
A0 -z Cgtal 110,
&Mz Analcg :nput 2
PEEES AT refererge vo tage iLowiinsa
CVREF z Zemparator \YsES cutput
RASANI Vaze g 4 i 22 T-
A2 UG Cogtal '
ANZ : Anagg npus 2.
eEre A0 referance ve tage tHagniimot
RASTOCKICTCOUT 4 T 25 o] 3T
RES e D¢ 1’0 - Qpe--zran when carfgurss as
UL
TCCK] : Tiprerd extemai ceck inpus.
S1ouT ) Cemparator 1 outpus
RAZIANS/SSICTOU 7 2 4 4 T
RAL o L gl 11D,
AM2 : Anaicy nputd
55 : 5P siawe select rpLl
S2CJT 9] Comparator 2 cutput.
Legend: | =.nput < = output 0= nput'outpit 2 = power
—=Notused  TTi=T Linpu ST = Sehmi Trigger wout
Nole 1. This suffer s 3 Sohett Trgger nout when confgored as the exle 3 intermugt,
2:  This Suffer s 3 Schrtt Trgper —out when used (n Seral Programming made,
30 This tuffer s 3 Sehmtt Trgger ~out when confgured .n 2C Osol ior moce and a SWOS input oheny se
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PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

. PECIP | FLCC [TQFP | QFN | LOF Buffer -
Pin Name Pin# | Pip* | Find | Pin% | Type Type Description
#GRTC 5 a sidirectional O port.
RICTTOSTTICR w5 W8 2z 4 Eln
2Ca B Dstal .
TI1SEC - Tl assfator cutput.
T1IKI : Tirerl sxternai sock nput
RCWTIOSICCES -] 13 5 1 T
AT e Dgtai0.
TIOE : Tireerl oscllawr gt
oot el Vo Capreld nput, Sorpracel outpul, FYYMD cutpul.
RCCCPY -7 9 23 3% 3T
RC2 s o310 ko3
CCRt g Zapsure T inpus, Compare” autpus, WA cutput.
RCASCKECL ‘e o] T 3 37
ac3 2 O gital IC.
ZCH R Syrohrorous sera!l ¢icth inpubouiplt for 37
jml=t-X
ZCL L] Synchroeacs sa=3! clock irputieusput far FC
oA,
RZ2SCISCA 23 5 32 42 37
2C4 he Cgtal KT,
=in : EP dats i
SCA 2 =2 zata MO
CESCO o4 oa £ 4% 3T
L5 oz Cogtar [0,
30T o TP dazclt
RCLTXCK ] B 44 +H s
Biv] i 251310
S o JIART asymchroscos ratamt
K o J3ARTT eynehroecus seck.
RITRXOT it e’ 1 i 37
CT e e e
bad : J3ART asynchrosoos recs ve.
a7 o] J3ERT synchrenaos cata,
Legend: (= nput 2 = autput 20 = rputoutput @ = pewer

— = Mot used

Nowe 1:

TT_=T"L npu:
This zuffaris 3 Schmtt Trgper npt when confgured as the exterma inseImups.

-~

2 =

Sehmat Togger nput

2 Thes buffaris 3 Sehmist Tegger npat when used -n Ser al Programming moce,
3 Ths haffer € a Sohrett Trmser o winan aonfourad -m 205 el 2ter ~ome anet 3 SMOS inoat atrany <
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TIMERO MODULE

The Timerd module timer/counter has the following
Features:

« 8-bit timer/counter

» Readable and writable

» 8-bit software programmable prescaler

» Internal or external clock select

» Interrupt on overflow from FFh to 0Ch

= Edge select for external clock

Figure 9.2 is a block diagram of the Timer0O module and the prescaler shared with the
WDT.Additional information on the Timer0O module is available in the PICmicro® Mid-Range
MCU Family Reference Manual (DS33023). Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In Timer mode, the Timer0 module will increment every instruction cycle
{without prescaler). If the TMRO register is written, the increment

1s inhibited for the following two instruction cycles. The user can work around this by writing an
adjusted value to the TMRO register. Counter mode is selected by setting bit TOCS

(OPTION REG<5>), In Counter mode, TimerQ will increment either on every nising or falling
edge of pin RA4/TOCKI. The incrementing edge is determined by

the Timer0 Source Edge Sclect bit, TOSE (OPTION REG<4>). Clearing bit TOSE selects the
rising edge. The prescaler is mutually exclusively shared between the Timer0 module and the
Watchdog Timer. The prescaler is not readable or writable.

Timer( Interrupt

The TMRO interrupt is generated when the TMRO register overflows from FFh to 00h. This
overflow sets bit TMROIF (INTCON<2>). The interrupt can be masked by clearing bit TMROIE
(INTCON<5>). Bit TMROIF must be cleared in software by the Timer(

module Interrupt Service Routine before re-enabling this interrupt. The TMRO interrupt cannot
awaken the processor from Sleep since the timer is shut-off during Sleep.
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BLOCK DIAGRAM OF THE TIMER(O/WDT PRESCALER
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Fig A.2 block diagram of the timer0/wdt prescaler
I/0 PORTS

Some pins for these I/O ports are multiplexed with an altemmate function for the peripheral
features on the device. In general, when a peripheral is enabled, that pin may notbe used as a
general purpose /O pin. Additional information on I/O ports may be found in the

PICmicro™ Mid-Range Reference Manual (DS33023).

PORTA and the TRISA Register

PORTA is a 6-bit wide, bidircctional port. The corresponding data direction register is TRISA.
Setting a TRISA bit (= 1) will make the corresponding PORTA pin

an input (i.¢., put the corresponding output driver in a High-Impedance mode). Clearing a TRISA
bit (= 0) will makc the corresponding PORTA pin an output (i.e., put the contents of the output
latch on the selected pin).Reading the PORTA register reads the status of the pins, whereas
writing to it will write to the port latch. All writc opcrations are read-modify-write operations.
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Therefore, a write to a port implies that the port pins are read, the value is modified and then
written to the port data laich.Pin RA4 is multiplexed with the Timer0Q module clock input to
become the RA4/TOCKI pin. The A4/TOCKI pin is a Schmitt Trigger input and an open-drain
output. All other PORTA ins have TTL input levels and full CMOS output drivers.. The
operation of each pin 1s selected by clearing/setting the appropriate control bits in the ADCONI1
and/or CMCON registers. The TRISA register controls the direction of the port pins even when
they are being used as analog inputs. The user must ensure the bits in the TRISA register are
maintained sct when using them as analog inputs.

BLOCK DIAGRAM OF RA3:RA0 PINS
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Fig A.3 block diagram of ra3:ra0 pins

71



BLOCK DIAGRAM OF RA4/TOCKI PIN
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Fig A.4 block diagram of rad/t0cki pin

BLOCK DIAGRAM OF RAS PIN
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PORTA FUNCTIONS

Table A.3 PORTA functions

Name Bits | Buffer Funetion

RACAMNT 2t G TTL |frpu¥ouiput ar anaiog input. =

Ra& AN ot T TTL firpuroutput or analog input,

RAZANIVRE=-CWREF it 2 T Irputeutput or analeg input or WREF- or SWREF.

BAXNANIVRES- bt 3 T rputoutput ar 3raisg miput oF VREF+.

R&LTCTH S OLT ot 4 =T 'rpaiediout or extemal clogk input for Timerd or somparatar ouipas.
Qulpat is cpen-drain Tyoe.

RANANGSEZ20UT x5 FTL |irputioasut or ana'og :nplt or stave select imput for synshranous sar al
Pomt o7 zompanatar outpaT

tegernd: 7L =""L navi 57 = Schit Trigger inp e

SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Table A.4 summary of registers associated with PORTA

Value on: Value on

Address | Name Bit 7 B3 Bit 3 Bit £ Bz 3 2tz it ¢ Biz 0 POR sof-z all other

: : Resets
=h SIRTA — - BE5 AL pa3 a2 EIN] RAD | --tx 3030 --0u o203
EEh TRESA — — |FORTA Cs:a Directon Pegister --11 1111 --11 11il
22r CMOON | C20UT | SICUT | SN | C1RY CIs CK2 M1 CND | od0a Q11L| 2o2n il
=0 CWRION [ CVREN JOVRIE | CWRR — TWARZ | CVRZ | CVR1 | CWRD [200. 2030 200- 0300
aF= ADCOMNY | ACFM | ADCS2 _ — FIEG3 | PCRG2 | PCFGI | PCEGO |00-- 3000| 80-- 0200

Legend:  x = umknown, o = untranged, - = ummplemsnts: iczates reac as ‘0%, Shaded 2els are Sot usec by PORTA
Note: When using the SSP modue in SPI 5ave mode and 35 erabled, the A/D convarter must be set fo one of
she ‘ellowing modes, where PCFG2FCF3) = 100, 2iol, OLLx, 1101, 1110, 111l

PORTB and the TRISB Register

PORTB 1s an 8-bit wide, bidirectional port. The corresponding data direction register is TRISB.
Setting a TRISB bit (= 1) will make the corresponding PORTB pin an input (i.e., put the
corresponding output driver in a High-Impedance mode). Clearing a TRISB bit (= 0)will make
the corresponding PORTB pin an output (i.¢.,put the contents of the output latch on the selected
pin).Three pins of PORTB are multiplexed with the In-Circuit

Debugger and Low-Voltage Programming function:RB3/PGM, RB6/PGC and RB7/PGD.

Each of the PORTB pins has a weak internal pull-up. A single control bit can turn on ail the pull-
ups. This is performed by clearing bit RBPU (OPTION_REG<7>). The weak pull-up is
automatically turned off when the port pin is configured as an output. The pull-ups are disabled
on a Power-on Resct.
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BLOCK DIAGRAM OF RB3:RB0 PINS
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Fig A.6 block diagram of rb3:rb0 pins

BLOCK DIAGRAM OF RB7:RB4 PINS
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PORTB FUNCTIONS

Table A.5 PORTB functions

Name Bite Buffer Function

R3LIKT EHY Tl Iaputioutpat pin or extemal inte-rupt nout. Intemal software programmable
wear aull-up,

RS T Inputioutpar pir, Internai scfovate srogrammable weak pull-up.

R32Z i Inputioutpat pir. Intema; sofiware srogrammable weak puli-up,

razPswl -T. lnputioutp s pin or arograrming pir 'n LYP mode. Inter~al software
programmable weak pui-up.

ES4 it £ ~TL Iz toutpat pin {with imterupt-ca-change). (rternal software programmab.e
weak ouh-up.

RSE wr TL Inputioutput pin fwith internipt-on-changet. irternal software programmabis
weark pull-up.

RSEPSEC a8 “T.aTI Inputioutpr pin [with merrupt-on-change! or -girouit debugger pin,
Imeral scitware pregrammable weak pult-up. Seriai programming clock.

RE7TPSED e TTLGTIE Izt toutpar pin {wih inlermupt-on-change) or in-circuit debugger pin,
Internal software s-sgrammable weak puli-cp. Serial orogramming data.

Legend: TTL=T LMot 87 = Schmilt Triggsr rowt

Note 1) Tais oufzs s a Soomit Trigger inpat when sorfigured as the sxternal interrupt,

2: Tas osifer 3 3eomit Trigger irpat when vsed 0 3eral Programming mode of in-circuit debugger.

31 _ow-Votage ICSP Programm rg (LR is enabled by default which disabies the R33 O function. LVP
~rust os d saoied 1o sradie B33 85 27 70 £n ard al'lsw maxirium compatibility fo the other 2&8-pin and
4l-2im mid-rerge cevices.

SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Table A.6 summary of registers associated with PORTB

Val . Value on
Address Name git7 | Bts | Bas|eid|Bis|siez|gits|Biwo] 2" "™ | another
POR, BOR
Resets
U8R, 1G8h |FCRTS R3T [34=1 R35 | R34 | RBA | R82 | RB1 { RBD |xxxy xxxxfuvus uuua
33h, 138h |TRISS PCRTS Data Direstion Regisiar 1111 1111filli 1311
81h. 1810 [OPTION_REG | RSPU | INTEDG | Tocs | ToSE| Psa [ Ps2 [ st | psa (1211 aaa2f1111 2112

Legend: x= unknawn, u=unchargad, Snsded cells are rot used by PORTS.
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BUFFER-CD4050B

Table A.7 Electrical specifications of buffer-CD4050B

Do Electrical Spocifications

LANTTS AT MOKCATED TEMPEAATURE 1%
“EET CONIXTIDNS .
o Yy
PRSIAZAE TE I iwE 0v] Vee vy | b -ao L1 122 a~ Tre | wax | urnirs

Cunsiond Thare N aarne 1 1 3. R . noLn 1 [T
e = o L= =4 uven = ey

[k ] + T3 a0 . noz 5 )

LS hit] k) RN 0o - LT3 o i
CAPPar | e R HE LES e *1 B X FE - A
P wa s N a e R D vz | ea i
U A1 tu 1w e XN T4 @ " ma
[ (e ] 1% ot B el 'R L) - i
P Mg e e e an TS - wa| | o LE - [
RS TRULLE 5 D4 o | oams | .z T s
B4 LA B A1 AAE | TGS ] e
BRI ' 5z RS 3k e 4.3 &0 i

o ke DL Qs . " a.co W

2T ] o e [ ach b

A HE o | ons . o 05 u

CALELR WBEDGE el e . o A | s | wwn % v
Yians T N EA D v
" LI IR R R 1w - u

W Lo WK G W B - = 1 1 T T - . 1 ]
Vi o (e I o b 2 - v
B e o paie 2. in R34 s

L AT S LF AR F) i " 1% (A v - n - . [ "y
f-Lars 1 T » \ Fl F [
[ * A < & e 1 o

76



Continued
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MOSF

Electrical Characteristics

ET-IRF840

Table A.8 Electrical characteristics of mosfet-IRF84(

T 1 23°C unless oherwise noted

Symbol

| Parameter

Test Conditions

[ Min | Typ | Wax | Units

Off Characteristics

BVpsg Drain-Source Breakdown Voltage Vag =0V Ip =250 pA 500 - - W
ABWV,
£ss Brea*d.own Voltage Temperature Ip = 250 pA, Referenced 10 25°C | - 0.55 - vrc
I AT, | Coefhicient
ID’SS VDS =500 V. VGS =0V - - 10 !.IA
Wl in
Zerg Gate Voltage Drain Current Vpg =400 V. T = 125°C - - 100 BA
‘assr Gate-Body Leakage Current, Forward | Vag= 30V . Vpg =0V - - 100 nA
laasr Gate-Body Leakage Current, Reverse | Vags =-30 V. Vpg =0V - - -100 nA
On Characteristics
Vasen Gale Threshold Vollage Vg = Vasg. Ip = 250 1A 20 - 4.0 v
Rpsion; | Slatic Drain-Source
) W, =1 =4, —
On-Resistance Gs=10V.lp=4.0A 0.65 08 @
grg Forward Transconductance Vo =40V Ig=4.0A  (Notws) - 7.3 - 5
Dynamic Characteristics
Cies Input Capacitance Vpg =25 V. Vgg =0 V. - 1400 1800 oF
Cos CQutpul Capacitance f=1.0 MHz - 145 190 pF
Cree Reverse Transfer Capacitance - 35 435 pF
Switching Characteristics
tetrom Turn-On Dglay ﬁme Vop = 250 V. Ip = 8.0 A, - 22 55 ng
t Turn-On Rise Time Rg = 25 €2 - 65 140 ns
L Turn-Off Delay Time - 125 260 ns
te Turn-Off Fall Time MetasH 1T 75 | 160 ns
Qg Total Gate Charge Vs = 400 V. Ig = 8.0 A, - 41 53 nC
Qes Gate-Source Charge Vg =10V - 8.5 - nC
Qg Gate-Drain Charge e 17 - nC
Drain-Source Diode Characteristics and Maximum Ratings
Is Maximum Continuous Crain-Source Diode Forward Current - - 8.0 A
lgm Maximum Pulsed Drain-Source Diode Forward Current - - 32 A
Vep Drain-Source Diode Forward voltage | Vog=0V. Ig=8.0A - - 1.4 v
b Reverse Recovery Time Vas=0V. Ig=80A, - 390 e ns
Q. Reverse Recovery Charge dle / dt = 100 Adus Notedy 1] a2 - uC
Hotes:
* Repellwe Ratieg Palse sttt Tmted Dy mascrmur juschon temperature
2Lm%0MH g §CA Voo = 52V Ry = 2512 Statng T, = 25'C
F i BCA 2 farting T, =25 C

U Essenmally ndeserdan:

S g Dty - 2%

e il
sperahing fumoaeratune
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Peak Dicde Recovery dvidt Test Circuit & Waveforms
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Fig A.8 peak diode recovery dv/dt test circuits and waveforms
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MOSFET- IRF9520

Table A.9 Electrical specifications of mosfet- IRF9520

Electrical Specifications  T¢ = 259G, Unloss Othcrwiso Spegiticd

) FARAMETER SYMBOL TEST CONDITIONS M | TYP | MAX | UNITS
' Dramn 1o Saurce Breakdown Yaltage BVpgs | Ip = -250pA. Vg = OV (Figure 10) =100 - - v
Gals Threshold Voltlage Vosmar | Vas = Vos, In = -2500A -2 - -4 v
Zero Gate Voltage Drain Current Insg ¥y = Rated BYygg, Vigg = OV - - 25 pA
Wog = 0.8 x Rated BVpygs, Yog = O - . 350 uA
T = 125°C
Or-Slatg Dvaun Corrent (Note 2) oty | VDS > IDgony X fosiong max, Vog = 10V -6 . - A
Gate 1o Source Leakage Currant lnss Vg = 220V - - 100 nA
Drair to Source On Rasistance (Note 2) tosiony  |lo = -3.54, Vg = -10V {Figures 8, 9 - 0500 | 0.600 it
Forward Transconductance (Note 2) s Yos > IDiong X RSoNmMax: I = -3.5A 0.9 2 - &
i { Figura 12)
Tum-Cn Cglay Tirme taomy Wi = 0.5 % Rated BVpgs. Ig - -6.04, - 25 30 ng
- Ag = 5043, B = 7.5 for =502
Rica T G < HL DSs5 - 1
e Jime i MOSFET Switching Times are Essentially ® % s
Tum-Qtf Delay Tume \giore) | Independant of Operating Temparalure - 50 100 ns
Fall Time t - 100 ns
Tertal Gate Charge Qgrom | Ves=-10¥ ip= -84, Wiyg = 0.8 x Rated BVpgg . 16 22 nG
iGate to Sourge + Gate ta Drain} (Figure 14) Gate Chargs is Essentially
"Gate 16 Sourco Charge O Independent of Cperaling Termporature N g R nC
{Gate to Dram "Miller™ Charge Qqe - 7 . nc
gt Capacdined Ciss Vo = 25V, Vgg = OV, I = 1MHz - 300 - pF
Cutput Capacitance Coss (Figure 11) - 200 - B
| Revarse Transier Capacitance Chss - 50 - pF
Intlernal Cran Inductance Lo Maasured From tha Moddfiad MOSFET - 5 - nH
Contact Serew on Tab To | Symbal Showing the
Center of Di¢ Intemat Devices
Moasurad From the Orain | Inductances - 4.5 - nH
Lead, Bmm (0.25in} Irom
: Fackage to Cenler of Die
! Imemal Source Inductance : Lg Measured From the - 7.5 . nH
‘ ) Source Load, Bmm
' ; (.25in} From Header to
, Sourcs Bending Pad
: Thermal Pesistance Junctionto-Case | Ry - - a12 | "caw
: Thermal Retistance Junction-to-Ambient | Riga Typical Sotket Mourt - - €25 | oW
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Table A.10 Source to drain diode specifications

Source to Drain Diode Specifications

PARAMEYER SYMBOL TEST CONDIMONS MIN e MAX | UNITS
Conbrugus Seurce 1o Dram Current Igps Mocitied MOSFET Sym- o - . 6.0 A

U . bot Shawing the Integra - -
Pulse S‘ource "0 Bran Current SO Rrverss B-N Junehon 24 A
(Mcte 3t )

Diode
G
s

Seurce 16 Drain Dicce Voiage Vin Te = 259C. Igp « -6.0A. Vg = OV - - -1 v
iNote 2} {Figure 13)
RAeverse Recovery Thng - Ty =150°C, Igpy = -B.0A, digpy/dt = 100As - 230 - ng
Reverse Recovery Charge Capr Ty=150°C, Igp = -B.0A. digp/dt = 10044s - 1.2 - e
NOTES:

2 Pulse test pulse width 7 300us. duty cycls 24,
3 Repetitve rabing: pulse width limited by maxirsum junction kemperature. See Transient Thermal Impedance curve {Figure 3).
4. Vpp = 25, starting T = 25%C. L = 154mH. R = 2502 peak Iag = 5.0A.
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Test Circuits and Waveforms
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Fig A.9 Test circuits and waveforms of MOSFET- IRF9520
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OPTOISOLATOR-SFH615

Maximum Ratings
Emittut (GaAs IJ-:D}
DCFadeUrrent et e e et e BO A
&rgnFuvdeumnt{:siom} e e ... .. PRA
Totsl Powar Dasicaton - 100 mWy
Detactor (Siscon Phototransistor)
CoBocrr-Emiter Volage ... ... 70V
Coliecior Qixrent .. .. & A,
Collsckr Cwrent (181 me) .. . ... . .. . 100 mA
Tolal Power DISSPADON ... o e e e o a o 150 mw
Qptocoupler
Siorago Ternperatue Rango ... . .. -564C 0 4150
Anblont Tomperahoe Range . ... .. . . . 554 o +100°C
Juncion Temperature ., .. PO | v 9]
Sakbmeporatue(mx 105} o - - ¢
lsclasen Tast Voltage

(botwesn omitier and detecior referred

o stancard climaie 2350 DIN 50014) . U .. 2800VDC
Isclabon Reslblance (W, =500V}, ... . .. - 0 a
Noves:

1 Dwp Boickonng MarartLm 1rom boltomn ecge af phtkagd 1 5mm Specal
MMW .ppy whatn Frough-conlac o cecul boards an wand Peias

rewyeel mporopoate spedtieaton,
2 DC wat volepe 0 accordance with DIN STHB3, drolt 478

Characteslstics (T,=25°C)
Emiter (Gats LED)
Forward Voliage (|, =60 mA} v, 125 (s1685) v
Broakxown Voltage {f, =10 pd) Vo J0 (26) ¥
Reveree Curranl (V=6 V) N 001{$10) BA
Capacitance (VuOV, [=1 MHI) G, 25 pF
Thorrrai Resistance . 750 KA
Detecior {Sicon Phototranaistor)
Capachance

(V=5 V, o 1 MH2) Co 68 BF
Thermal Resisancy A 500 KA
Oplocoupler
Collacir-Emaor Satrabon Voltage

{L=1CmA, 1,32 5 mA) Vomar 026(s04) v
Coupling Capacilance Cu 028 pF

The oplocouplars are grouped accordng to thedr current transfar
ratio | A, at V.25 V. marked by dash numbers

-1 - =3 —4
1,4 fim 10 MA) 40-20 | e3-125 | 1w0-200 | 1e0-az0| %
LI (=1 ma) 30(»13) | 45{>2 | 70>} | 0(>56) | %
Collaec or£mitlor
Laakage Cuent | 2 (550} 2{£50) { S{£100) | S{<100} | nA
V=10V (1)
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SWITCHING TIMES
Linaar Gparation (without saturation}

Ra750
Vg = B Y
T
=10 mA, V=5V, T,=26%C
Load Resslancae R 75 f+]
Turr-On Tima [ 3.0{<58) i1}
Rise Tena 4 ZD(z40) s
Turn-Orff Time T 23(s41) B
Fahi Time t 20{£38) ps
Cut-OH Fraquancy Fuo 250 KHz
Swilching Operation (with saturation}
I TH  Vay = B W
& —° ar 2 TTL snputs
() win a2 7 ko
. ° pull.up resistor
o—o—
+5v
7
FLiiH

TTL iavels are ~TTL

obzerved bui

no TTL

swiiching hmes |

™
Group -1 =2 and -3 =
£1,=20 mA) flmt0mA) | (L,=5mA}
Turn-Cn Time tgz 0SS 4280 S0 £105) [T}
FAiza Tme b 20{=d A0 (KE6Q) 46{=80) it}
Tun-Off Time 1, 18 (34} 23 (£39) 25 {43 ps
Fal Tma L 11 {520} 14 {524} 15 [(£26) il
Vot 025(s04) v




CHARACTERISTICS:
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Fig A.10 characteristics of optoisolator-SFH615
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APPENDIX B

85



B.1 CODE FOR GENERATING PWM PULSES:

#include<pic.h>
__CONFIG(Ox1F71);
void main()

{

ADCON1=0x06;

PR2=09;
CCPR1L=50;
CCPICON=0X0C;

T2CON=0X04;

TRISD=0X0F;
TRISC=0X&0;
TRISB=0;
TRISA=0;
PORTC=0;

PORTB=0;

OPTION=0x87,

TMRO=0;
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GIE=PEIE=INTE=TOIE=TMRI1IE=],;

T1CON =0x01;
TMRI1L = 0x00;

TMRIH = 0x00;

if(RDO==1)
{
while(1)
{
PORTB=0x42;
while{TMRO<g);
PORTB=0x52;

while(TMR0<44);

PORTB=0x50;
while(TMRO0<52);
PORTB=0x30;

while(TMR0<60);
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if(RD1==1)

{

%
i

PORTB=0x38:
while(TMR0<96);
PORTB=0x28;

while(TMRO<104);

PORTB=0x0c;
while(TMRO0<112);
PORTB=0x0e;
while(TMR0<148);
PORTB=0x06;
while(TMRO<156);
TMRO=0;

1
J

while(1)

PORTB=0x42:
while(TMRO0O<4);

PORTB=0x52;
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}

while(1);

}

while(TMRO0<22);
PORTB=0x50;
while(TMR(<26);
PORTB=0x30;
while(TMR0<30);
PORTB=0x38;
while(TMR0<48);
PORTB=0x28;
while(TMR0<52);
PORTB=0x0c;
while(TMR0<56);
PORTB=0x0e;
while{TMRO0<74);
PORTB=0x06;
while(TMRQ<78);

TMRO=0;
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B.2 SWITCHING SEQUENCE FOR 70 HZ

Table B.1 switching sequence for 50 hz

TIMING P] P3 | P2 P4 P5 P6
SEQUENCE
RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO | "ORTBE
DUTPUT
Lo VALUES
0 0 1 0 0 0] 0 1 0 n*42
10 O 1 0 1 0 0 1 0 O*52
57 0 1 0 1 0 0 0 0 D*50
67 0 0 1 1 0] 0 0 0 J*30
77 0 0 1 1 1 0 0 0 %38
124 | 0 0 1 0 1 0 0 0 7%28
134 0 0 0 0 1 1 0 0 *0C
144 0 0 0 0 1 1 1 0 J*CE
191 0 0 0 0 0 1 1 0 0*06
201 0 0 0 0 0 0 1 0 %42
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B.3 SWITCHING SEQUENCE FOR 25 HZ

Table B.2 switchag sequence for 25 hz

TIMING T Pl P3 P2 P4 P3 P6
SEQUENCE
RB7 RB6 RB5 RB4 RB3 RB2 RBI RBO | PORTB
OUTPUT
VALUES
0 0 1 0 0 0 0 1 0 0*42
20 0 1 0 1 0 0 i 0 0*52
114 0 1 0 1 0 0 0 0 (%50
134 0 G 1 1 0 0 0 0 0*30
154 0 0 1 1 1 0 0 0 0*38
248 0 0 1 0 1 0 0 0 0*28
268 0 0 0 0 1 1 0 0 0*0C
288 0 0 0 0 1 1 1 0 0*CE
382 1 0 0 0 0 0 1 1 0 0*06
402 0 0 0 ' 0 ] 0 1 ¢ (%42
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