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ABSTRACT

The three phase ac-ac converter whose control strategy is based on modified sinusoidal
pulse-width modulation switching technique is proposed in this thesis. A new generation of ac-ac
three-phase power converters with more commutations per half cycle has been proposed for ac
power due to the increasing availability and power capability of high frequency controlled on
and off power semiconductor switching devices. As majority of the industrial loads are being
inductive, the power factor is less. To improve the power factor, the delayed current is shifted to
the input voltage, through a modification of the classical sinusoidal pulse width modulation
switching technique. In this way, the decrease in the phase angle between the input current and
voltage is feasible, and consequently, high cost compensation capacitors can be avoided. The
improvement of power factor through this switching technique on the proposed converter is
investigated and verified via simulation using the software Matlab/Simulink. The single phase
ac-ac converter is implemented in hardware and tested. Micro controller PICI6F877A is used to
generate the pulses for the switching devices of the semiconductor power switches in three phase

ac-ac converter.
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CHAPTER 1
INTRODUCTION
I.1. INTRODUCTION OF AC PWM CHOPPER

Numerous modern industry applications, from low to high power areas, demand ac
signals with adjustable amplitude and frequency. A converter that changes fixed ac supply to the
ac supply with alternative voltage, frequency, phase or shape is an AC/AC converter. The
simplest one is voltage regulator, which changes ac voltage without frequency variation. Others

are direct frequency converter and a DC link converter. AC voltage regulator is discussed here.

Two types of control normally employed are
e On-off control
¢ Phase-angle control

In on-off control the switches connect the load to the ac source for few cycles of input
voltage and then disconnect it for another few cycles. The circuit configurations and performance
is similar to the phase control techniques.

Phase controlled ac choppers are well known and are being widely used to obtain variable
ac voltage from a fixed ac voltage source. In this type of control the switches connect the load to
the ac source for a portion of each cycle of input voitage. The power flow to the load is
controlled by delaying the firing angle of switches. This technique offers the advantages of
simplicity and ability of controlling large amount of power economically. However, significant
harmonics in both the output voltage and current is introduced, and a discontinuity of power flow
appears at both the input and output sides. Also the retardation of firing angle causes a lagging
power factor (P’F) at the input side even for a resistive load.

The above problems can be partially solved by using more advanced control methods
such as symmetrical angle control (SAC), asymmetrical angle control (AAC) and time ratio
control of high frequency (TRC) or by imtroducing a freewheeling path in the power circuit. In
development of power semiconductor devices, Pulse Width Modulation (PWM) techniques are
increasingly being encouraged and will be sophisticated further. One of the main functions in the
PWM methods is to eliminate the harmonic contents of the output voltage by adjusting the

number of pulses per cycle and to improve the PF. AC chopper using PWM provides substantial



advantages over conventional line commutated AC controllers, There are many PWM techniques
are available of which sinusoidal PWM (SPWM) is commonly used. However, the PF is less i.e.,
the lag between the input voltage and input current is not zero. Contrary to this, through the
Modified SPWM (a-SPWM) switching technique, this lag can almost become zero, and
consequently, the PF will be improved. As majority of the industrial loads are being inductive,

the PF will be very less. This project deals with the proposed three phase AC chopper using

PWM to improve PF.

1.2 OBJECTIVES OF THE PROJECT

The aim of this project is
* To design and simulate three phase AC-AC PWM chopper using Modified SPWM

technique so as to improve the PF.

* To simulate and compare the input voltage and current made by implementing both
conventional SPWM, modified SPWM control technique in three phase AC-AC
converter using MATLAB/SIMULINK.

* Hardware implementation of single phase AC-AC PWM chopper.
1.3 ORGANIZATION OF THESIS
This gives an overall outline of the project report.

CHAPTER 1

It describes the general introduction, objective of the project.
CHAPTER 2

It describes about the single and three phase ac voltage regulators.
CHAPTER 3

It describes about the single phase ac PWM chopper, modified SPWM technique,

simulation diagram and results.



CHAPTER 4

In this chapter it describes the proposed three phase ac PWM chopper, equivalent circuit,

modes of operation, simulation diagram and results.

CHAPTER 5

It includes the proposed system model and description of all components used in the

hardware. It shows the schematic diagram of the hardware and output waveforms and test results.
CHAPTER 6

Gives the conclusion and recommendations for the future work.
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CHAPTER 2

AC VOLTAGE REGULTORS

2.1 INTRODUCTION

AC to AC voltage converters operates on the AC mains essentially to regulate the output
voltage. Portions of the supply sinusoid appear at the load while the semiconductor switches
block the remaining portions. Several topologies have emerged along with voltage regulation
methods, most of which are linked to the development of the semiconductor devices. The ac
voltage controllers can be classified into two types

s Single Phase controilers

e Three Phase controllers

2.2 SINGLE PHASE AC VOLTAGE REGULATORS

In practice most of the loads are inductive to a certain extent. A full wave controller with
an RL load is shown in Fig.2.1 in which the phase angle control (PAC) technique 1s
implemented. The firing angle of the switch is varied. It uses a low frequency switch to chop an
AC sine wave. The average voltage is proportional to the area under the sine wave. Thus, the
average voltage is the integral from the firing angle to the zero crossing, the cosine of the firing
angle. The current builds up from zero in each cycle. It quenches not at the zero crossing of the
applied voltage as with the resistive load but after that instant. The supply voltage thus continues

to be impressed on the load till the load current returns to zero.
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(a) (b)
Fig. 2.1 Single phase AC-AC voltage regulator
(a) Back-to-back SCR
(b) A bi-directionally conducting TRIAC
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The switches can be thyristor (Fig. 2.1(a)) or TRAIC (Fig. 2.1(b)). The TRIAC based
converter may be considered as the basic topology. Being bi-directionally conducting devices,
they act on both polarities of the applied voltage. The TRIAC is a low power device, used in
voltage control circuits, used as light dimmers, speed control for fan motors (single-phase), etc.
Some of the advantages and disadvantages of the TRAIC viz-a-viz thyristor are given.
ADVANTAGES

e Triacs are triggered by positive or negative polarity voltages applied at the gate terminal.

e A triac needs a single heat sink of slightly larger size, whereas anti-parallel thyristor pair
needs two heat sinks of slightly smaller sizes, but due to the clearance total space
required is more for thyristors,

DISADVANTAGES

¢ Triacs have low rating as compared to thyristors dv/dt

e Triacs are available in lower rating as compared to thyristors.

e Since a triac can be triggered in either direction, a trigger circuit for triac needs careful
consideration,

e The reliability of triacs is lower than that of thyristors.

A single-pulse trigger for the anti-parallel SCR (Fig. 2.1(a)) or TRIAC (Fig. 2.1(b)) has
no effect on the devices if it (or the anti-parallel device) is already in conduction in the reverse
direction, The devices would fail to conduct when they are intended to, as they do not have the
supply voltage forward biasing them when the trigger pulse arrives. A single pulse trigger will
work till the trigger angle o > ¢, where ¢ is the power factor angle of the inductive load. A train

of pulses is required here. The output voltage is controllable only between triggering angles ¢

0
and 180 . The load current waveform is further explained in Fig. 2.2

ftoas : : i -

. i
L v feod

s

Fig.2.2 Operation of a single phase PAC with an inductive load



Fig.2.3 Load current for a single phase AC-AC converter with a RL load

With an inductance in the load the distinguishing feature of the load current is that it must
always start from zero. However, if the switch could have permanently kept the load connected
to the supply the current would have become a sinusoidal one phase shifted from the voltage by
the phase angle of the load, ¢. This current restricted to the half periods of conduction is called

the 'steady-state component’ of load current i . The 'transient component' of load current il , again
5 T

5
in each half cycle, must add up to zero with this i to start from zero.
88
oad - load current (= ig + 1) {2.1)
This condition sets the initial value of the transient component to that of the steady state

at the instant that the SCR/TRIAC is triggered. Fig. 2.3 illustrates these relations.

2.3THREE-PHASE AC VOLTAGE REGULATORS

There are many types of circuits used for the three-phase ac regulators (ac to ac voltage
converters), unlike single-phase ones. The three-phase loads (balanced) are connected in star or
delta, Two thyristors connected back to back, or a TRIAC, is used for each phase in most of the
circuits as described.

The circuit of a three-phase, three-wire ac regulator (termed as ac to ac voltage converter)
with balanced resistive (star-connected) load is shown in Fig. 2.4 It may be noted that the
resistance connected in all three phases are equal. Two thyristors connected back to back are
used per phase, thus needing a total of six thyristors. The thyristors are fired in sequence (Fig.
2.4), starting from 1 in ascending order, with the angle between the triggering of thyristors 1 & 2

being (one-sixth of the time period (60° T) of a complete cycle). The line frequency is 50 Hz,



with T=1/{=20ms. The thyristors are fired or triggered after a delay of « from the natural
commutation point. The natural commutation point is the starting of a cycle with period, (60°=
T/6) of output voltage waveform, if six thyristors are replaced by diodes. The output voltage is
similar to phase-controlled waveform for a converter, with the difference that it is an ac
waveform in this case. The current flow is bidirectional, with the current in one direction in the
positive half, and then, in other (opposite) direction in the negative half. So, two thyristors
connected back to back are needed in each phase. The turning off of a thyristor occurs, if its
current falls to zero. To twrn the thyristor on, the anode voltage must be higher that the cathode

voltage, and also, a triggering signal must be applied at its gate.

Fig. 2.4 Three-phase, three-wire ac regulator

The procedure for obtaining the expression of rms value of the output voltage per phase for
balanced star-connected resistive load, which depends on range of firing angle. If the rms value of
the input voltage per phase, and assuming the voltage, as the reference, the instantaneous input
voltages per phase are,

At any time only two thyristors conduct for 60°< <90 °. Although two thyristors conduct
at any time for 90° <o <150°, there are periods, when no thyristors are on. For . >150°, there is

no period for which two thyristors are on, and the output voltage becomes zero at a=150° (5n/6).

The range of delay angle is 0°<a<150°.
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{n) TFor a = 60°

(b) For a = 120°
Fig. 2.5 Waveforms for three-phase three-wire ac regulator
(a) Fora=60°
{(b) For a=120°
DISADVANTAGES OF PHASE ANGLE CONTROL
s Retardation of firing angle, causes a lagging power factor at the input side even for a

resistive load
¢ Plentiful lower order harmonics in both load and supply voltages/currents

¢ Discontinuity of power flow to the load appears
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CHAPTER 3

SINGLE PHASE AC PWM CHOPPER

3.1 INTRODUCTION

An AC-AC converter when operating with phase angle control it suffers with lot many
drawbacks which can be overcome by controlling the switches using PWM technique. AC PWM
chepper has many applications such as power regulators, induction motor drives and many
others. They are devices, which use a semiconductor switches in a different configuration of
connection. These converters are unidirectional or bi-directional power flow compatible in
function used in electric configuration, elements and application. In today of power applications
high-power MOSFET or IGBT-switches are used, driven by various commutation strategies and
modulation techniques. The main aim is to obtain a high-quality power conversion, minimum
losses, high efficiency and low cost.

The performance of the regulator can be improved if it is designed to operate as a
chopper. In this case input supply voltage is chopped into segments and output voltage level is
decided by the ratio between ON/OFF.

The operation of the ac voltage regulator gives the following advantages:

¢ Improved load power factor due to high frequency switching.

Control range is wide in terms of firing angles regardless of load power factor.

The Jow order harmonics are eliminated compared to the phase angle control.

*

The order of the dominant load voltage harmonics can be controlled through

changing chopper frequency.

*

Linear control of the fundamental component of the output voltage.

3.2 BLOCK DIAGRAM

The naturally commutated thyristor controllers introduce lower order harmonics i both
the load and supply side and have low-input PF. Normally in ac choppers singie pulse can be
modulated to control the output or load voltage. However, the load voltage has almost square

wave shapes, and therefore the load voltage and the line current has higher order harmonics. If



multiple outpur voltage pulses are used instead of single pulse, it significantly reduces the

harmonics. So, the performance of ac voltage regulators can be improved by PWM control.

g [

3
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Fig. 3.1 Single Phase AC-AC Converter

The ac source supplying the RL load through power electronic converter is shown i Fig.
3.1. The switches employed are gate commutated switches, viz, MOSFET. IGBT etc. In this
circuit IGBT are used. It has the highest power capabilities up to 1700kVA, 2000V, 800A.
Because of the low resistance than the MOSFET the heating losses of the IGBT are lower too.
Their voltage drop is 2-3 V, which is higher than that of a bipolar transistor but lower than the
MOSFET has. Due to the negative temperature coefficient, when a temperature is raised, the
power and heating decrease therefore the device withstands the overloading and operates in
parallel well. The reliability of the IGBT is higher than that of the FET and secondary

breakdown is absent, They have relatively simple voltage controlled gate driver and low gate

current.

3.3 PWM CONTROL STRATEGIES

Pulse Width Modulation (PWM) is normally used as a controller in power conversion
and motion control. There are various kinds of modulating modes available such as sinusoidal
PWM, space vector PWM, current tracking PWM, harmonic elimination PWM and others. These
techniques have merits and demerits but the most widely used in industrial applications are the
sinusoidal PWM and space vector PWM. Digital Signal Processors (DSP) and/or

Microcontrollers, where reprogramming of the carrier Frequencies are simple. The Sinusoidal

Pulse Width Modulation (SPWM) is a well known wave shaping technique. For realization, a

10



high frequency triangle carrier signal, V., is compared with a sinusoidal reference signal, V., as

desired frequency. The crossover points are used to determine the switching instants.

The PWM control has the following advantages.
» The output voltage control can be obtained without any additional components.
e With this type of control, lower order harmonics can be eliminated and the
filtering requirements are minimized as higher order harmonics can be filtered
easily.

There are many PWM modulation techniques available of which SPWM and modified SPWM

are discussed here,

3.3.1 SINUSOIDAL PULSE WIDTH MODULATION

Instead of maintaining the width of all pulses the same as in the case of multiple pulse
width modulation, the width of each pulse is varied in proportion to the amplitude of the sine
wave evaluated at the centre of the same pulse. The switching pulses for the operation of the
SPWM converter are created by comparing a triangular carrier waveform (Vy) of frequency f.
with a sinusoidal waveform, according to Fig. 3.2, in which the sinusoidal waveform signal (V)

is absolutely similar and in phase with input voltage V.

,J" ki c
“ W gy T II

éu.a il
g
il |

0 0002 0004 0006 0038 0.0
Tirne{secs)

1
4]
oy
T 05t
D L

0 0002 0004 0006 0008 O
Time(secs)

Fig. 3.2 Conventional SPWM pulses

This sinusoidal pulse width modulation is commonly used in industrial applications. The

frequency of the reference signals determines the inverter output frequency and its peak

11



amplitude controls the modulation index M. The number of pulses per half cycle depends on the

carrier frequency.

ADVANTAGES

e Low harmonics can be eliminated or minimized.

e Higher order harmonics can be filtered. Easily the filtering requirements are
minimized.
e The output voltage can be controlled internally without external components.
e Since IGBTSs have low turn-off time losses are much reduced.
DISADVANTAGES

o Power Factor is not unity

3.3.2 MODIFIED SINUSOIDAL PULSE WIDTH MODULATION (a-SPWM)

The a-SPWM is advanced form of SPWM which overcomes the drawbacks of SPWM.
The gate pulses are generated by comparing a triangle waveform, i.e., triangular signal (Vy) with
a sinusoidal waveform, which is similar to input voltage but not in phase with V; (Vo) enables
the generation of the switching pulses as shown in Fig. 3.3 The waveform V., is strongly similar

1o the sinusoidal waveform V. but shifted to the left by an angle a, so that this signal leads to the

voltage V. by an angle.

1 I v 4 I-l'll
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"E'a? 0.5 Vtr
[
2 9 il
05 ' ‘ ' :
0 Q002 0004 0006 0.008 0.01
Timelsecs)
1
&
= 05
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0 ooz o004 o005 2.008 0.m
Tirme{secs)

Fig. 3.3 0-SPWM Pulses For o =35
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In general, the application of such pulses (shifted to the left by an angle . ) to a controlled
converter consisting of metal oxide-semiconductor field-effect transistor (MOSFET) or IGBT
has two advantages:

e Input current is shifted left to the input voltage, that is, the trade-off in this work
e The most high harmonics of the input current appear in the area of high order as by the

conventional SPWM, which can be eliminated by the use of a small filter.
3.4 CIRCUIT DIAGRAM OF SINGLE PHASE AC PWM CHOPPER

The AC source offers a sinusoidal voltage Vs and has the internal impedance Rg~Lg. A
small Li—C;input filter is used to absorb the high-order harmonics of the input current l;n. The
switching power elements insulated gate bipolar transistor IGBT1 and IGBT2 with external
antiparallel diodes control the load current Iy, which can flow bidirectionally. By using fast
switching devices, PWM techniques can be applied to the ac voltage controllers for producing
variable voltage with a better input PF. Single phase AC PWM chopper and its control circuit is

shown in Fig. 3.4.

A VWolttage Source
&
n
peaT

ZONTROL CIREUIT [
MODHFIED SINE >
WAVE

CARRIER
WAVE |~

PULSES {weip TOIGBT'S

COMPARATOR

Fig. 3.4 Single Phase AC PWM chopper

When the gate pulse generated using SPWM technique is applied to the converter Fig.3.4,
the lag of the current li, behind the voltage V. will decrease in comparison to those in case
without converter which is verified using simulation. However, the lag of the current Ij; to the

voltage V, cannot become zero.
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3.5 SIMULATION DIAGRAM
3.5.1 MATLAB

The narme MATLAB stands for matrix laboratory. MATLAB is a high-performance
language for technical computing. It integrates computation, visualization, and programming in
an easy-to-use environment where problems and solutions are expressed in familiar
mathematica! notation. In this project the modeling and simulation of the proposed system s

done using MATLAB (using simulink and power system block set tool boxes).
3.5.2 SIMULINK

Simulink is a software package for modeling, simulating, and analyzing non linear
dynamical systems. It is a graphical mouse-driven program that allows somebody to model a
system by drawing a block diagram on the screen and manipulating it dynamically. Simulink is a
platform for multi domain simulation and Model-Based Design for dynamic systems. It provides
an interactive graphical environment and a customizable set of block libraries, and can be

extended for specialized applications.

3.5.3 POWER SYSTEM BLOCK SET

The Power System Block set allows scientists and engineers to build models that simulate
power systems. The block set uses the Simulink environment, allowing a model to be built using
click and drag procedures. Not only can the circuit topology be drawn rapidly, but also the
analysis of the circuit can include its interactions with mechanical, thermal, control, and other
disciplines. SimPowerSystems extends Simulink with tools for modeling and simulating basic
electrical circuits and detailed electrical power systems. These tools let you model the
generation, transmission, distribution, and consumption of ¢lectrical power, as well as its
conversion into mechanical power. SimPowerSystems is well suited to the development of
complex, self-contained power systems, such as those in automobiles, aircraft, manufacturing

plants, and power utility applications
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3.54 OVERALL SYSTEM STRUCTURE

The power factor investigation is carried out through MATLAB/SIMULINK using a
characteristic example of converter topology shown in Fig. 3.4, Simulation parameters are Ry =
0.0262 Q and inductance Ly = 30 pH, filter inductance Ly = 3.5 mH, capacitor C; = 4 pF and
resistances Ry, =R =0.05 V and the load values are R =40 Q and L = 90 mH (¢ =35). The angle

by which the sine wave is shifted by « is equal to ¢

(@, = arctan [‘“—:\l (3.1)

Fig. 3.5 shows the overall simulation circuit. Both the conventional SPWM and Modified
SPWM control technique is implemented. The input voltage, input current, output voltage, PF

results are analysed using MATLAB/SIMULINK 7.8.0 ( R2009a)
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Fig. 3.5 SIMULINK model of single phase PWM ac chopper

15



3.5.6 CONTROL CIRCUIT

The sinusoidal wave shifted by angle is compared with the triangular wave and the pulses
are generated. During the positive half cycle the pulses of IGBT | and IGBT 2 are generated and
for IGBT 3 and IGBT 4 pulses are generated using negative half cycle as shown in fig.3.6
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N
H- >
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o+ '_I'F]
Constant - = 3
o bl L-:LI tgbtz
Ralay2
=]

t
§

Fig. 3.6 Control Circuit of a-SPWM

3.5.7 SIMULATION RESUTLS AND DISCUSSIONS

INPUT VOLTAGE AND INPUT CURRENT

When the pulses from the conventional SPWM technique is applied to the IGBT switches
the lag behind. input voltage and current as shown in Fig. 3.7 decreases in comparison to those in
case without converter as shown in Fig. 3.8. On implementing the modified SPWM technique the

input voltage and current obtained is almost in phase which is inferred from Fig. 3.9
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Fig. 3.7 Input Voltage and Current for Conventional SPWM
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POWER FACTOR

Because of the a-SPWM technique applied to the single phase ac PWM chopper the PF is

maintained almost unity as inferred from Fig. 3.10
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Fig. 3.10 Input Power Factor
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OUTPUT VOLTAGE
input supply voltage is chopped into segments and output voltage level is decided by the

ratio between ON/OFF. The chopped output voltage is shown in Fig. 3.11

30

Qutpul Yoltage(v)
I fen)

10+
20t : 4
230 L L 1 "
0 0m n.0z2 0.03 0.04 b.05
Time(secs)

Fig. 3.110utput Voltage
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CHAPTER 4

THREE PHASE AC-AC CONVERTER USING
MODIFIED SPWM

4.1 INTRODUCTION

Significant advances in modern ac/ac power converter technologies and demands of
industries have reached beyond standard ac/ac power converters with voltage-source inverters
fed from diode rectifiers. Power electronics converters have been matured to stages toward
compact realization, increased high-power handling capability, and improving utility interface.
In this dissertation, several new converter topologies are proposed in conjunction with developed
control schemes based on the modern ac/ac converters which enhance performance and solve the
drawbacks of conventional converters. Three phase AC —AC converter using modified SPWM
is proposed to improve the PF. This scheme has some advantages like including low cost in
installation, ease to maintain and reliable which make this scheme popular option in industry as
many of the industrial loads are inductive. It has a wide range of applications like induction

heating, light control, reactive power control and starting as well as speed control of AC motors.

4.2 BLOCK DIAGRAM

For high power loads, three phase regulators are used. Fig. 4.1 shows the block diagram
of three phase PWM chopper in which RL load is star connected. The switches can be used are
gate commutated switches like MOSFET, IGBT etc. In case of ac choppers that a single pulse
can be modulated to control the output or the load voltage. If V, the rms value of the input
voltage per phase, and assuming the voltage, V., the reference, the instantaneous input voltages
per phase are.

The instantaneous input phase voltages are

Vgne = \: e sin wt {4.1)
Vpy = V2 v, sin (wt — 27¢3} (4.2)
Ve = V2 v, sin {wr— 47/3) (4.3)
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The instantancous input line voltages are
g = VG ¥, sin [wt = 7/6) (4.4}
Vpe = V6, Sin (et — 7,/2) {4.5)

v, = V6T, sin (wt— 77/6) (4.6)

AL Al
CONWERTER FLLOAD
-:?::L-"?
ACAD
AC COWVERTER FL LOAD .]
12Q PRASE —
SHIFT hal -
SONTROL PuLsEs
LIRTUT
AC-AC
AL CONVERIER FLLOAD
290 PHASE |
TRIET .

TONTROL

SRCVT

Fig. 4.1 Block Diagram of Three Phase AC-AC Converter

4.3 CIRCUIT DIAGRAM OF THE PROPOSED CONVERTER

The proposed converter is shown in Fig. 4.2. It has three single phase converters of which
second and the third phases are shifted by 120° and 240 respectively. The RL load is star

connected with neutral point grounded. It employs the IGBT switches and the gate pulses to it
are generated by modified SPWM technique (a- SPWM).
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Fig. 4.2 Circuit Diagram of Three Phase AC voltage regulator

4.4 PRINCIPLE OF OPERATION

In the three phase ac PWM chopper only one phase is considered and its operation is
explained in this section. The two main modes of operation are active and freewheeling modes.
A diode connected in anti-parallel with each parallel switch is used to complete the freewheeling
current path .It also prevent reverse voltages from appearing across tﬁe switches. The switching
sequences of the devices are given below in Table 4.1.

Table 4.1 Switching Sequence

IGBT 1 IGBT2 | IGBT3 | IGBT4
V>0 | PWM OFF OFF PWM
V<0 | OFF PWM PWM OFF
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4.4.1 ACTIVE MODES

This mode of operation occurs during both the positive and negative half cycle of the ac
supply. During the active mode of the positive half cycle, the switching power electronic element
IGBT! operates with high switching frequency. The current flows from source to load through

IGBT 1, diode D2 and the inductor get charged as shown in Fig. 4.3

D1
- '\GEIT2
im: =
L
IGET o3 <
E— Jl BT Pe Z

Fig. 4.3 Active mode of Positive Half cycle

In the negative half cycle active mode occurs when switching element IGBT2 is turned

ON. The current flows via the load, IGBT 2, D1 as shown in Fig. 4.4
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Fig. 4.4 Active mode of Negative Half cycle

4.4.2 FREEWHEELING MODES

Both during the positive and negative half cycle of the ac supply, freewheeling mode
occurs.In the positive half cycle freewheeling occurs, when IGBT1 is off, the stored energy in

the inductor freewheels from load to source through IGBT4 and the diode D3 as shown in Fig.

4.5
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Similarly during the negative half cycle. when IGBT2 is off, a free-wheeling path occurs
through IGBT3, the diode D4 and the load is created as shown in Fig. 4.6. By controlling the
duration of the conduction time (duty cycle) of IGBT! and IGBT2, the load voltage Vi and load

power can be controlled.

IGBT2
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» - =

N 4
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2 l_ﬁlesﬁ“ﬁ n
] =N

»
»

=)
w

pe] Ny

L s

Fig. 4.6 Freewheeling mode of Negative Half cycle

The other two phases are displaced by 1200 and 240° respectively. These two phases also
conduct similarly to the single phase described above in a three phase ac-ac converter circuit.
The gate pulses are generated through the a-SPWM switching technique. Using that technique
the lag of the current to the voltage caused by the resistive-inductive load can be eliminated in

order to improve the PF which is verified by simulation results.
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4.5 SIMULATION RESULTS AND DISCUSSIONS

To investigate the validity of the proposed system, the proposed converter is simulated

using MATLAB/SIMULINK. The three phase ac-ac converter is simulated with the three single
phase’s converter in which the input voltages of the second and third phases are displaced by
1200 and 240° respectively. Each single phase has the following simulation parameters R, =
0.0262 Q and inductance L, = 30 pH, filter inductance Ly = 3.5 mH, capacitor Cy = 4 uF and
resistances Ry =R¢ =0.05 V and the load values are R =40 Q and L = 90 mH {¢; =35).
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Fig. 4.7 Simualtion Circuit of Three Phase ac-ac converter

The switching frequency is chosen as a parameter in the characteristic range 4 kHz < f..,

<13 kHz taking into account the chosen L —Cyvalues. The Ly —Cy filter plays a significant role
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for the reactive power reduction caused by the high harmonics. The overall simulation circuit 1s

shown in Fig. 4.7.The simulations presented in this paper study the comparison between the

Input voltage & Input current characteristics, Qutput Voltage, Power factor.

4.5.1 INPUT VOLTAGE AND INPUT CURRENT CHARACTERISTICS

By the application of the SPWM pulses to the three phase ac voltage regulator, from Fig.
4.8. 1 tis inferred that there is a lag between the input voltage and current. Furthermore by using
a-SPWM technique a shifting of the fundamental current harmonic takes place in order to
decrease the phase angle between this harmonic and the input voltage. It is obvious in this way

that the reactive power of the fundamental harmonic is reduced and hence the lag between the

input voltage and current is almost zero as in Fig. 4.9

0.05 Time(secs) 0.1
Fig. 4.8 Input Voltage and Current for conventional SPWM
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Fig. 4.9 Input Voltage and Current for ¢-SPWM
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4.5.2 OUTPUT VOLTAGE

In this case input supply voltage is chopped into segments and output voltage level is
decided by the ratio between ON/OFF. The converter output voltage for the three phases are
shown in Fig. 4.10

Voltage(Volts)
8 ) [ ] H

R
S

o}

0.01 0.02 5.03
Time(secs)

Fig. 4.10 Output voltage

453 POWER FACTOR

The power factor can be calculated by the formula

P.F= .{__‘c - (4.7)
Rt G

Where P is active power and Q is the apparent power
P =307 cosp (4.8)
@ =\ 3U1 sing (4.9)

The 0-SPWM technique in a three phase ac voltage regulators has a power factor of almost 0.99

1
N
=

as inferred from Fig. 4.11.

0 0.05 Time(secs) U1

Fig. 4.11 Power Factor
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CHAPTER 5

HARDWARE IMPLEMENTATION OF SINGLE PHASE AC CHOPPER
IMPLEMENTING o-SPWM

5.1 BLOCK DIAGRAM OF SINGLE PHASE AC PWM CHOPPER

This chapter explains the block diagram and components used for the hardware prototype
of the proposed system. It includes the photographs of the fabricated model and output
waveforms. The prototype is done only for single phase AC PWM choppers. The voltage of the

system is reduced to 12V. The schematic 1s done in AutoCAD.

ZERO
CROSSING
DETECTOR
Ac d CONVERTER om0
SOURCE | ™ yoitace &
CURRENT t *
MEASUREMENT
! ¢
MICROCONT
COMPARATOR MOSFET
-ROLLER MOSFET > DRIVER
> " DRIVER A
PIC 16F877A
SQUARE TO TRIANGULAR
¥ SINE WAVE GENERATOR
CONVERTER

Fig 5.1 Hardware Block diagram

The prototype of the proposed system has single phase step down diode rectifier, single
phase PWM ac chopperr, pulse generation module and micro controller (PIC16F877A) with 5V

power supply. These parts are explained with schematic diagram in following sections.
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5.1.1 POWER SUPPLY

TRANSFORMER

RECTIFIER

FILTER

ICREGULATOR

LOAD

Fig. 5.2 Block diagram of power supply

The block diagram of power supply is shown in Fig.5.2. The AC voltage, typically 220V

rms, is connected to a transformer, which steps that ac voltage down to the level of the desired dc

output. A diode rectifier then provides a full-wave rectified voltage that is initially filtered by a

simple capacitor filter to produce a dc voltage. This resulting dc voltage usuaily has some ripple

or ac voltage variation.

A regulator circuit removes the ripples and also remains the same dc value even if the

input dc voltage varies, or the load connected to the output dc voltage changes. This voltage

regulation is usually obtained using one of the popular voltage regulator IC units. The power

circuit diagram is shown in Fig.5.3
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Fig 5.3 Schematic of rectifier

5.1.2 MODIFIED SPWM PULSE GENERATION

The triangular generator is used to generate triangular wave of certain carrier frequency is

then compared with shifted sine wave using OP-AMP LM358. The details of the LM338 is given

in APPENDIX 1
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Fig 5.4 Schematic of PWM Generation

5.1.3 MOSFET IRFZ44
CHARACTERISTICS OF MOSFET

The practical MOSFET has the following switching and conduction Characteristics:

e Limited power handling capabilities, that is, limited conduction current when the
switch is in the on-state and limited blocking voltage when the switch is in the Off-
state.

¢ Limited switching speed caused by the finite turn-on and turn-off times. This limits
the maximum operating frequency of the device.

* Finite on-state and off-state resistances, that is, forward voltage drop exists when in
the on-state, and reverse current flow (leakage) exists when in the off state.

e Because of characteristics 2 and 3, the practical switch experiences power losses in
the on- and off-states (known as conduction loss), and during switching transitions
(known as switching loss}.

5.1.4 MOSFET DRIVER IR2110
The IR2110/IR2113 are high voltage, high speed power MOSFET and IGBT drivers with

independent high and low side referenced output channels. Proprietary HVIC and latch immune
CMOS technologies enable ruggedized monolithic construction, Logic inputs are compatible
with standard CMOS or LSTTL output, down to 3.3V logic. The output drivers feature a high
pulse current buffer stage designed for minimum driver cross-conduction. Propagation delays are
matched to simplify use in high frequency applications. The floating channel can be used to drive

an N-channel power MOSFET or IGBT in the high side configuration which operates up to 500
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or 600 volts. It can be used for voltage protection, shut down protection and stable operation. the

pin diagram is shown in fig. 5.5 and the driver circuit is shown in Fig.5.6
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Fig.5.5 Pin diagram of IR2110
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Fig. 5.6 Driver circuit of IR2110

5.1.5 SINGLE PHASE AC PWM CHOPPER

The single phase ac PWM chopper is used in this part. Here four MOSFETs are used in
the bridge. These power switches are driven by the gate pulse generated by micro controller
(PIC16F877A). This circuit bridge is isolated from the gating circuit by the opto-coupler. The
resistive inductive load is connected across the load side of the inverter. The schematic of single

phase PWM ac chopper is shown in the fig.5.7.
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Fig 5.7 Schematic of Single phase PWM ac chopper

ADVANTAGES OF MOSFET
e MOSFETs provide much better system reliability.
¢ MOSFET are fast switching devices permit much higher switching frequencies and there

by the efficiency is increased.
¢ MOSFETs have better temperature stability.
e Overload and peak current handling capacity is high.
e MOSFETS have low leakage current.

¢ MOSFETs are able to operate in hazardous radiation environments.

Here 8A, 500V, 0.850 Ohm, N-Channel Power MOSFETs are used with the common

emitter configuration.

5.1.,6 MICROCONTROLLER FOR SINGLE PHASE AC PWM CHOPPER

The gate pulse for the inverter switches and the switches in soft-switching module is
generated by PIC16F877A controller. This micro controller circuit works in 5V power supply.
So separate step down rectifier unit is made for the controller. The detail about PIC16F877A is
given in APPENDIX II. This controller is isolated from the main circuits by means of opto-

coupler. The schematic of micro controller circuit is shown in Fig.5.8.
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Fig 5.8 Schematic of micro controller circuit

5.1.7 OPTOCOUPLER

Optocoupler is also termed as optoisolator. Optoisolator a device which contains a optical
emitter, such as an LED, neon bulb, or incandescent bulb, and an optical receiving element, such
as a resistor that changes resistance with variations in light intensity, or a transistor, diode, or
other device that conducts differently when in the presence of light. These devices are used to
isolate the control voltage from the controlled circuit. The pin diagram of MCT2E Opto Coupler

is shown in Fig.5.9,

Fig.5.9 MCT2E Opto Coupler

e QGallium Arsenide Diode Infrared Source Optically Coupled to a Silicon npn
Phototransistor

¢ High Direct-Current Transfer Ratio
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o Base Lead Provided for Conventional Transistor Biasing
¢ High-Voltage Electrical Isolation

s 1.5-kV, or 3.55-kV Rating

e Plastic Dual-In-Line Package

e High-Speed Switching

5.2 HARDWARE PROTOTYPE AND RESULTS

The fabricated hardware model is as shown in fig.5.10. The output waveforms
of the input voltage,input current and the output voltages are shown in the fig. 5.11, 5.12 and

5.13 respectively

Fig 5.10 Prototype Photo
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CHAPTER 6

CONCLUSION AND FUTURE SCOPE

6.1 CONCLUSION

In this project, the circuit for the three phase ac voltage regulator employing modified
sinusoidal pulse width modulation technique is used and the results are obtained by simulation.
Comparing the modified sine wave with a high-frequency triangular signal, switching pulses for
the conduction of semiconductor power ¢lements (IGBT) can be achieved. A shift of these
switching pulses acts so that the current waveform is near to the voltage waveform, which is
verified from simulation results. This critical value of the shifting angle depends on the resistive
and inductive load components as well as on the active output power. The operation of this ac
voltage regulator giﬁcs the following advantages: Improved load power factor due to high
frequency switching, Control range is wide in terms of firing angles regardless of load power
factor. The investigation leads to the conclusion that there is a value of the shifting angle for

which the PF ¢an be improved.
6.2 FUTURE SCOPE

In the future scope of the work, the concept of modified SPWM can be implemented for

three phase ac-ac PWM chopper with closed loop variable speed drive applications.
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W vl‘O WP:' - gd‘u‘ - 23 S»G - lg f 33 2—9 i .ﬂ I'!'N

. Fg =00
tnput Offeet . - | =
fiaas bo - Sl -fs|®m| -] 5 || m
input Blas ) ] 1 _ _

Carrent TBInG 45 | 150 45 45 | 250 | ma

i e Voo
Irput Voltage |y, [ Moo= 3OV | (el -|as| 0| - |as| v
Range: {LM2904, Woo=26V 1.8

R =~ Ngo =30V | - P

| o |18 Voc=osn oA | 28 U'f 20 Ea 20 | ma
S ’? et == Voo =57 T lCs[V2 | - |05l 12| - |05 | 12 | m&

: VOG- 15V,

e ae | S |m-aa sawof - [25[ra0f - |2 || - |wmw

; Vo = TV $1V

Vo | VooV Ri=a ® 1 - | - || -] - 2] - | - | ¥

; NCC Rip=
Outpert! Voitae =I5V o PO R e )
- . K 10k e - bR e - e &4 k]
Swirg LM2604) ?

. Vo Yoo - VK| - | 5 & | - | 5| 3] - 5 |23 |y
m CMRR . || - |es|wm) - el - | @
e | psar . 55 (10| - |65 |1 - [sojt00f - | @B

: T= Nz I 20K E
m S | naen Sl - -l - -] - | e
Short Sroutt o _

GND ' 18C - - ||| -{ec|e0| -|ew]|en]|ma
Vi) e 1V, :
W-q“w . - - -
IsCURCE Vog: = 15V, bt N C 1 2|3 2| W mA
Vorrs = 2V
_ Wy = OV, Wi = TV,
Outpeit Caarver Voo - 15V, wl1s]| - {wlws)] -1w)1s) - | ma
MF&"W
I
T W= TV =8V .
Voo = 15y, 2Zhw| - [ - -] -] - | ep
WGP = 200
anm VeDIFss - - - | Voo - - | ¥es) - - oo V
Vooke:

£, This sorameier siough uaranbesd (s aot 100% teRed I procucon.

41




EFAIRCHIL.D
S MKCCNDL RS TORR®

W rairc st com

MC78XX/LM78XX/MC78XXA
3-Terminal 1A Positive Voltage Regulator

Featimes
qu’wnym LA

v Cutpir Volages 0f 5, 6. 8.5, 10, 11,

Ihc@&tkud?mﬂm
*+ Shoet Comit Prosscticn

71E 2NV

+ Dt Transister Safe Oparating Arsa Promcton

Description

Tha MUTENCLMTEOUMETI NN sanies of Sowe
Dy, pesie memlviess e mailale e
TC-230D-PAX packagw and wak wvaal Swed o
vobtges, memimmuf
spph«:mm: Each Tpe wapioys el ot lhmiving
themml shee down 2d. s opatatg, wea prvIRCtion.
xking i eesaatially indestructiv. If adequaty bont wxicing
n povided. they o defver oo 1A output ot
Although designed primedly 23 fwed vologe mgdamn,
thoes dovicss o be wed with sectarmal CoEponants o
olbtin whstabie volage: and canvats.

TO-22D

torgut 2UOND 3 Cutut

Interhal Block Digram
e e i ad
) L— a
-t |-+ S

i i i
] [P—— | e b ke .
iy _ g4 "T" it ‘1

; T [ Ed
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MR XL ATFECGMCTUICA

Absolute Maximum Ratings
Parandst Symbol Vaie Uit
Ingat Vioktage (for Vo = 5V io 189 Wi 3 v
{or¥g = 24v) Vi a0 V
Thermal Resistance Junciion-Cases (TO-230) RauC 5 C
Thermal| Reslstance Junegon-Ar (TO-220} RagA 8BS e
{eraiing Temperane Range Toer O +125 5C
Siorage|T emperaun: Range Tgrg | Ba~+150| °C

Electrical Characteristics (MC7805/LM7805)
(Refer 10 15t droult I « Ty « 125°C, I = S00MA, Vi = 10V, G 0L33uF, o~ 0L 1pF, Uriess thanwiss specihied)

- ‘ MC730SN.M7805
Parsmebor Symbol Condiiions Ty ] Unit
: Ty =+25°C 48 | 50 | 32
Output Voitage Vo [ SDmA < 10+ 1.08, Po < 1SV v
, Vi=TViID20V 475 | 50 | 525
. ‘ Vo = TWID 25V - 1 40 | 100
Lmeﬂegmme Ragine | Tus25 50 VB - 5 % oy
iy = 5.0MA 154 - = 190
Load ﬁegu&m [Netal) Fegpoar | T=+254C s =Z50mA T _ . < my
5 TE0MA N
Quiescent Curent fg | Ty=e259C - | 33 83| mA
lo=Smado LA - | Co3 | 08
w‘t CUr [Eﬂtm!ﬂ‘;ﬁ Lk A
| e U= 02 eI 13
Output Yoitage Drift AVOAT | low Sma - |as| - |ene=c
Quiput Roise Voitage Wy | 1= 10 I 100KHZ, Ta=+25°C - 21 - v
) T= 120H -
Rippe @m RR | o= gvio 1av @ | = -] @
Ceopout Vioktage Yorop | o= 1A Ty=+25°C - 2 - v
Oulpex Reeisiance g | Te=iKHZ - 13 - P
Short CRcut Current Ige | Vi= 35V, TA =25 °C =10 | - | mA
Peak Clirrent P | Tu=+25%C - |22 - A

Mok

s.maﬁmmmmammmmm. Charges ¥ 7 GUS $ Pl aerts must e saner
D ACToU Tenartey. Pulse testng weith ow ooty & used.
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1N4001 - 1N4007

Features

* Low forward voltage drop.

* High surge current capability.

General Purpose Rectifiers (Glass Passivated)

Absolute Maximum Ratings*

DO-41

SGLOR BAND DIENGTED CATHGDE

T, =25°C unless atherwmse noted

Symbol Parameter Value Units
i _ 4001 | 4002 | 4603 | 4004 | 4005 | 4006 | 4007
Verm F"pak Repetitive Reverse Voltage 50 100 200 400 60CG | 800 | 1000 v
[ Average Rectified Forward Current, 10 A
F1o"leadlength @ T, = 75°C '
[ Nan-repetitive Peak Forward Surge
Current 30 A
; 8.2 ms Single Half-Sine-Wave
Teg Sterage Temperature Range 5510 +175 °C
T, Cperating Junction Temperature Ste+175 C
+T.‘me raungs ane fimiting values above which the serviceabdlity of any semiconductar Jevice may e impaired.
Thermal Characteristics
I .
Symbol Parameter Value Units
Po Power Dissipation i W
R Thermal Resistance. Junction to Ambient 50 “CW
Electrical Characteristics . - 25cumess otnenvise notea
I
Symbol Parameter Device Units
_ 4001 | 4002 | 4003 { 4004 | 4005 | 4006 | 4007
Ve Forward Voltage @ 10 A 1.1 v
lee Maximur Full Load Reverse Current. Full 30 [H
Cycle T,=7%C
2 Reverse Current @ rated Vg T, = 250 m i uA
T,z 100-C #20 i
G- Total Capacitance 1% pF

Ve=4 0V f=10MHz
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PHINps: Product spacification
MH-cha | enhancement mode IRFZ44N
TrenchMOS™ transistor

GENERAL DESCRIFTION GUICK REFERENCE DATA

TYMBOL | PARAMETER MAX ST

YWor Drar-souroe volage 3 Y

i Dragri cumrent (OO 45 &

- ToGE powes dsgpation 110 W

T, JUrCHon SBmperure 175 '
reststance Vi = 10V

PINNING - TOZ220AB PiN CONFIGURATION SYMBOL

P | DESCREPTION S s

| L H
1 |gee 3
2 Jaran
3 |source

3t jdran

LIMITING VALUES
Liriing vaues i1 acoofdance with the ADsOKIE Maxrum Syster 45¢ 134
SYMBOL |[PARAMETER CONDITIONS MIH M, UNIT
Vi Draln-s0urce voitage - - 55 v
Vi Cxain-gate otage R~ 0K . 3 ¥
W Gae-sourte vwa?e - - 0 v
ig | } Deairr cuarrent % T.=25°C - a3 &

" |G corrent §. pesak vaue) e : bl a
B o power S To=25'C - 18 W
Tue T, | Siorage & cperating lemperature |- - 85 17E e

ESD LIMITING VALUE
SYMBCL ||ParaMETER |ecoromons MK MAX UNIT
Ve Blectostaic dischage capachor  [Human body moddl - 2 (39

viltage, a6 g 4100 oF, 1.5 KL

THERMAL RESISTANCES

SYMBOL | [ParameTER COMDITIONS TYP, AKX, UNIT
Ry THECTS reEstanaes JUNcion 1o - - 14 Py
| el reg
.., i TegsEnce ineion 1o i free air =4 - W
amient
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N-channgi enhancement mode IRFZ44N
TrenchMOS™ transistor
STATIC CHARACTERISTICS
T=25C UNiSss Ghensise Gpecines
SYMBOL |PARAMETER CONDITICNS MR | TYP. | MAX | LWNIT
Vierss ] DEIN-500M0S DEakOom Ve = 0% 1, = 025 Mg 5 - - v
voiage Tessc | 8| - - W
Viwrs  [G3kE HweEnci voltage Vo= b= 1A 20 0 3s |} v
T=175C | 1.6 - - v
T = -55'C - - 44
™ Zero wolage drain oament (Vi =S5V Vs =0V, - |oBs | o1 ] uA
e = “ Tewmgc | - | - | =0 | ua
Lo Gate source leakage cument [V, =10V Y, =0V - |ooa] 1t A,
T« 175'C - - .} b,
Vgcie | Gate SOUNCE breakiown voltage &-ﬂ mA; € - - v
Renwe; Drain-source on-siste Vi =10V [, =25 A - Bl 2 |m
resislance T, =175C - - 42 | mO
DYNAMIC|CHARACTERISTICS
T oo = 25°C uitess Othenmise specified
SYMBOL |PARANETER CORBITIONS ML 1 TYP. | MAX | ENIT
Ga Fonsam transcontciance Viu =25V, lu=25A ] - - 2]
Cu Inpait capaditance Vi DV Vg = 25V T= I M2 - |30 pF
Con Output capacitance - 36| W0 | F
Caa Feedxack caparsiane - 155 | A5 | OF
1% Tolal gaie charge Vi =3V b, =50 A Wy, = 1TV - - 52 | nC
Q, Gae-Cource chane ’ = - -
* M Gategdrain miler) chame - - 28 | nC
fom Tum-on delay Bme V=NV L =3 A - B | 26 | s
L Tum-on nse tme Vg =10V, R =002 - 2 73 ns
%, sz:re Ressiive oad - 40 | 50 | ms
. Tum-0F fall - 36 &0 ns
by irtama dran inductance Maasured rom contact sorew on - 35 - nH
tab 10 cenire of dle
L Intema drair Induciarce Measured from drair kead © mm - 25 - i
rom 10 cantre of e
1, Irtama sowts iInduciance Measured SOUTE Yead & e - TS - n
TR0 PACKAE: b souros bond pad
REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS
T = 25°C uniess othersise specified
SYMBOL |PARAMETER CONDITIONS ML | TYP. | R | UREY
| mwmem - - a5 B,
Iy mm MRS I3 SUmert - - 160 A
Ve Céoe foream wolage =25l =DV - Joas 1z ] Vv
fbl -ﬁs’ ﬁ‘. .iﬂ’:.h. - : .'1!’ - 1.5 -
T Reverse meovery time kw20 A gl AR - 100 A &r - s
Q. Reverss FEovery dange V., =-iDW Y, =30V ois | - uC

46




APPENDIX 11

ARCHITECTURE OF PIC 16F877A

Dwvice Program | Dats Memory Doto
FLASH EEPROM
P {EFRTY K 152 Byses 128 Sylbes
FACIGFETS 8K 58 Byles | 25€ Sytes

RES
RPEPTC

: e it
=0 e
: - K - ciouena
w .‘ .‘]l'; REEAKT'T
=, Mun 2] haiibical w‘
nw--:r-.ml
LONIgE
Progryminy
B O
UTTE L s
1 1 1L 1L
i 1 T I
Cota FEPOIU ’T‘ l E?WT| s I
ST Sepgl T e
Pin Configuration of PIC16F877A
WV —— 1~ 4[] ~— RBTFGD
RAQAND w— ] 2 9 [ w— RBEPGC
RAVANT s ] 3 3 [J »—= RBES
RADANZAVREE- - [ & 37 {J -— RB4
RAJANSAREF+ e [ 5 3% [ =—= RE2PGM
RAYTICKS e [ 6 35 [J e— RB2
RASIANATE ~—= []7 o« W= RB1
REJTIVANS < |8 P~ I3[ e—e REBUNT
REWTWUARE -— [ o T 3] w— o
REZTHANT a1  h  31[J e vas
Vs ——e [ 11 E 30 [ ~—w RO7PSF?
Vi o [ 12 W 29[ = RDEPSFS
QSCHCLKIM o—e [ 13 6 % :]' . ROGFSRS
OSCHCLROIT e[ 14 g [] «—e ROGPSPL
ROVTIOSTICK! e [] 13 6 [J w—e BSTRKDT
RCUTICSHOUF? e [ 13 35 [] e RCETHTH
RCTOCHT e [ 17 24 [T w—w RCSS00
REISCHISCL w— [] 13 23 [ w—e RCHIHSOE
RDOFSPE ~w—e [] 13 22 [J w-—e ROZPEP3
ROtPSPY - [ 20 [0 e ROHPSE?
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TIMER 0 CONTROL REGISTER:

RAW-1  RAM-T RAW-1T RS RAN-1 RAN-T RAN-T  RAW-1
| "BPU | intepc | Tocs | Ttosz | esa | ps2 [ ps1 | pso |
bit 7 bit O

bit 7: RBPU
bit 6: INTEDG
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3: PSA: Prescaler Assignment bit
'l = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0; PS2 PSI PS0: Prescaler Rate Select bits
TIMER 0 BLOCK DIAGRAM:

CLROUT {= Fozcia} Do Bus

RAMTECKI e SYNG
P g il - ; 2 TMED rog

Cychrs i

Set Flag Bit TOF
or Crveefiow

R
TIMER 1 CONTROL REGISTER:
-0 u-0 RANWD RAMO RAMD RAN.G RAW.0 RAW-G
L~ | — Irickesi[rickesolrioscen| TrsvRe [erics [ trion
o7 bit

bit 7-6: Unimplemented: Read as "0°

bit 5-4: TlCK;PSl :TICKPSO: Timer! Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value

00 = 1:1 Prescale value
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bit 3: TIOSCEN: Timer] Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off (The oscillator inverter is turned off to eliminate power drain)
bit 2: TISYNC: Timerl External Clock Input Synchronization Control bit
TMRICS = |
1 = Do not synchronize external clock input
(0 = Synchronize external clock input
TMRICS =0
This bit 1s ignored. Timerl uses the internal clock when TMRICS = ().
bit 1: TMRICS: Timerl Clock Source Select bit
I = External clock from pin RCG/T1OSO/TICKI (on the rising edge)
0 = Internal clock (FOSC/4)
bit 0: TMRION: Timerl On bit
| = Enables Timerl

0 = Stops Timerl

TIMER 1 BLLOCK DIAGRAM:

St flag oit
TMRYF or .
Ovelow o Synchronized
THRY S -
O,
ol
™MRION
........ onfoff TISYNC
' Tosc ! e -
RCATIGSOM1CK! @ +—t D\ {1 -
] ] ] v P Prescaier Synchronize
1 1 ' [H— g -
! TIOSCEN Foscit | | 1.24.8 {aet
5 £\ Enabie o el | =
RCTICSICCR? E“‘— ! Oschatorl® Cogy WJ } QClork
(EARELTE TiCKPS1.TICHKPSE
1C5

TIMER 2 CONTROL REGISTER:

U-0 R0 RAND RAND  RAAD RW.D RAWD RS
| —  TrouresalrocuteszfrourpsirouTesal mwrzon [Tackesi[reexess]
bit? bitD
bit 7. Unimplemented: Read as '0'
bit 6-3: TOUTPS3: TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
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0010 = 1:3 Postscale
1111 = 1:16 Postscale
bit 2: TMR2ON: Timer2 On bit
1 = Timer2 is on
0 =Timer2 is off
bit 1-0: T2CKPS1:T2CKPS®: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

TIMER2 BLOCK DIAGRAM:

} Sers fiag
bit TMR2IF | TR, o

Resel Prescaler
11, 1:4, 1y T 0P
Postscaler 1’2
|t e 118
; TZCKPET:
4 TICKFSD
T2OUTPS3
TITPEN
CCP1CON REGISTER/CCP2CON REGISTER:
U U RW-S RAAD RS RO RAN-C RAN-D
I — | — [ cerpux [ comur | copemz | copamn | copomt | GCPavs |
b7 o

bit 7-6: Unimplemented: Read as "0’
bit 5-4: CCPxX :CCPxY: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSB s of the PWM duty cycle. The eight MSB s are
found in CCPRxL.
bit 3-0: CCPxM3:CCPxM0: CCPx Mode Select bits
0000 = Capture/Compare/PWM oft (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge
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0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx

pin is unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);

CCP1 resets TMR1; CCP2 resets TMR1 and starts an A/D conversion {(if A/D module is

enabled)

11xx = PWM mode

CAPTURE MODE OPERATION BLOCK DIAGRAM:

COMPARE MODE OPERATION BLOCK DIAGRAM:

Se ff‘asg oit CCFIIF
N Prescaer | 7RIS
P «1,4.13
RCUCCP! CCPRIX | CCRRIL
Pin )
and Capture :H:x
2dpe deteT Entie ""]"{”’X
I WR14 | TRAIL

il

s

Special Ewent Trigger
Set flag bz CCP1IF
PIR1<2>)
l CCRRIM| CCPRIL
0
s 2 3oy *
e ?_'-:F;th ——— COMOETRor
i
TRISC<2» -y .
R 1 TMARA
Dutput Enable  CCPICON<30 TMRTH | TMATL

Mode Select
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APPENDIX III

PIC PROGRAMMING

#include<pic.h>
__CONFIG(0X20A4);
__CONFIG(0X3FFF);
void main()
{
TRISA=0XFF;
ANSEL=0;
ANSELH=0;

TRISC=0;
PORTC=(;

TRISB=0;
PORTB=0;

PR2=249;
T2CON=0X05;
CCPICON=0X0C;
CCPRIL=125;

while(1)
{
if(RA4==1)
!
PORTB=0XC0;
delay();
PORTB=0X31;
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delay()
{

else
{
PORTB=0X30;
delay();
PORTB=0XCI;
}
}

unsigned int i;

for(i=0;i<500;i++);
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