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ABSTRACT

The System presents the application of single-phase matrix converter (SPMC) as a boost
rectifier that could synthesize a greater DC output voltage from a given AC supply voltage. For
boost rectifier operation, PWM technique was used to calculate the switch duty ratio to
synthesize the output. This is then extended to produce an active pulse width modulation
(APWM) in order to maintain input current waveform to become continuous, sinusoidal and in
phase with the supply voltage and hence near unity power factor when a Capacitor filtered load
is used. Classical rectifier with DC capacitor filter has a setback in that it draws discontinuous
supply current waveform with high harmonics content, As a result it contributes to high total
harmonic distortion (THD) level and low total effective supply power factor affecting the quality
of the power supply system. To solve this problem, Matrix converter acting as a single phase
rectifier with an active pulse width modulation Technique (APWM) was proposed to suppress
the harmonic current drawn by rectifier with a capacitor-filtered load. Control electronics was
used to generate active pulse width modulation (APWM) using boost technique that is piloted by
a current control loop (CCL). The SPMC with APWM is verified by simulating the models using
MATLAB/SIMULINK. Results of simulations are presented to verify that the proposed

technique is feasible. The prototype model is also designed, fabricated and tested.
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CHAPTER 1




1. INTRODUCTION

Development of semiconductor devices and microprocessor technology during the last
thirty years has changed rapidly power electronics technology and the number of
applications has been on the increase. A typical power electronic system is normally used
as an interface between a load and s&pply comprising a power converter, a load/source
and a control unit. It can be generally classified in terms of basic functions, namely;
+ AC-AC conversion
+ AC-DC conversion (rectifier)
« DC-DC conversion
« DC-AC conversion (inverter)

Development of advanced power semiconductor devices. increased usage
of power switching circuits and other power electronic applications are becoming a
common place within modern commercial and industrial environment particularly in
applications for AC-DC conversions. Among different types of encrgy conversion, the
AC-DC (rectifier) is by far the widest in applications ranging from industrial drives to
low-powered portable equipments. It is used in adjustable-speed drives (ASDs), switch-
mode power supplies (SMPSs), uninterrupted power supplies (UPS) and uulity intertace
with non-conventional energy source such as photovoltaic (PV) and battery energy
storage systems (BESSs) etc. They have also found applications in process technology
such as electroplating, welding units and battery charging for electric vehicles. Other
applications also includes but not limited to various power supply technologies for

communication systems, measurement and test equipments .

Conventionally, the rectifier topologies are developed using diodes and
thyristors to provide uncontrolled and controlled dc power with unidirectional and
bidirectional power flow. However, they have demerits of poor power quality duc to
injected current harmonics, causing current distortions and poor power factor at input ac
mains and slow varying rippled dc output at load end with low efficiency. requirning
large size ac and dc filters. In light of strict requirement of power quality at input ac
mains several standards such as IEEE 519 have been developed to hmit problems.
Because of severity of power quality problems some other options such as passive
filters and active filters (AFs) have been extensively developed to solve this problem. In
this work, studies are carried out on the use of implementation of Single-Phase Matrix

Converter Operating as AC-DC Converter with Active Power Filter (APF) function.



Matrix Converter (MC) has been described to offer an "all silicon”
solution for AC-AC conversion, removing the need for reactive energy storage
components used in conventional rectifier ~inverter based system  and hence an
attractive alternative converter. Its topology was first described in 1976 Gyugyi. The
single phase variant denoted as SPMC was first realized by Zuckerberger It has a
distinct advantage of affording bi-directional power flow with any desired number of
input and output phase. The key element in a matrix converter is the fully controlled four
quadrant bidirectional switch, which allows\ high frequency operation. The matnx
converter has many advantages over traditional topologies. It is inherently bi-
directional so can regenerate energy back to the supply It draws sinusoidal input currents
and, depending on the modulation technique, it can be arranged that unity
displacement factor is seen at the  supply side irrespective of the type of load. The
size of the power circuit has the potential to be greatly reduced in comparison to
conventional technologies since there are no large capacitors or inductors 1o store energy.

Harmonic power and reactive power, which is drawn by the proliferation of
nonlinear loads such as high power diode/thyristor, rectifiers, cyclo converters, and arc
furnaces in industrial, commercial, and residential applications, has become a research
topic.Power electronics application is dependent on the use of power switching devices
that inadvertently, results with a non-sinusoidal current being drawn from the supply.
containing harmful harmonics components which are then feedback to supply system
creating various problems such as voltage distortion, additional losses. failure of

sensitive equipments, resonance, and interference and so on.

In this paper the basic SPMC topology will be reviewed based on controlled
rectifier operation by suitable switching schemes. MOSFET s are used as the main
power switching device. Simple resistive load will be initially used, followed by
inclusion of simple capacitor filter to remove ripples at the load. An active pulse
width modulation (APWM) are then produced in order to maintain input current
waveform to become continuous, sinusoidal and in phase with the supply voltage and
hence near unity power factor. The input side will be provided with an inductancc that

is used for boost rectifier operation.

An experimental test-rig was then constructed to verify the operation of the
proposed system, including its control electronics, gate drives and power circuits.

Control implementation in practical realizations is proposed using peripheral interface

3



controller (PIC). In this work implementation of peripheral interface controller (PIC)
16F877 micro controller.to generate pulse width modulation (PWM) signal to control
the synthesize output waveform of single-phase matrix converter is described. An active
pulse width modulation (APWM) are then produced in order 10 maintain input current
waveform to become continuous, sinusoidal and in phase with the' supply voltage and
hence near unity power factor by analogue method. Prior to the practical realization, a
computer model using MATLAB/Simulink  was developed for comparisons to

accelerate investigations.

1.1 MATRIX CONVERTER

The market of power electronics shows a clear tendency towards the following
objectives improving the interaction between power electronic converters and the grid,
bidirectional power flow, high efficiency and high switching frequency, reduced size
and high integration of complex solutions in a single power module. The Matrix
Converter (MC) presents an architecture with many of the before mentioned
characteristics. The MC is an AC/AC converter, formed by n x m bidirectional switches
(n input phases and m output phases), where any of the inputs can be connected to any
of the output phases. In this way, it is possible to implement a n x m poly phase
converter. This architecture is an "all-silicon” solution, because no significant reactive
element is necessary to store energy, although in practice, an input filter and a clamp
circuit may be necessary for the safe operation of the converter. Reactive components
are sensitive to temperature changes, expensive and their price is not expected to
decrease with time.

The advantages of the MC are:

a) Four quadrant operation and, therefore, it is inherently bidirectional. Thanks
1o bidirectional switches, the MC can deliver or take power from the grid. with a direct
and instantaneous conversion between input and output of the converter (conventional
AC/AC converters use two conversion steps with an intermediate DC link).

b} Although the MC uses a high number of switches. there is a tendency in the
market towards a price reduction of silicon components, and this problem will be
minimized in a foreseeable future. The high number of switches means a higher
distribution of the thermal stress in the switches.

¢) The MC can operate in high and low pressure environments, and at high

temperatures, such as space and submarine applications where the use of electrolytic

4



capacitors is restricted. In this sense, the MC is a good candidate for the connection of
tidal energy power stations.

d) The power losses of the MC may be considerable reduced using semi-soft
commutation strategies. For this reason, high switching frequencies can be used, highly
reducing the size of filters and auxiliary equipment. High operating frequencies mean
high order harmonics, which are less harmful for the grid. All this makes the MC more
efficient than a "rectifier-inverter" approach.

¢} Using appropriate modulation strategies, it is possible to achieve iinusoidal
currents at the grid and sinusoidal voltages at the load, with an unity power factor with
any type of load.

The MC is a very promising technology that may contribute to the development
of power electronics, but nowadays, several technological barriers must be superseded
in order to extend its use in real commercial applications. Some of the challenges are:

a) Protection of the converter is a complex task, because there is no way to store
energy.

b) The MC is very sensitive to voltage dips and distortions in the grid, because
the power conversion has no intermediate steps. There are some strategies to reduce this
effect, such as load stored energy recovery or improved modulation strategies, anyway
this is an open research field.

¢) The high number of power switches in a MC means a higher connection
complexity, control, thermal management, etc. Thus, the development of Intelligent
Power Modules (IPM) or Power Electronics Building Blocks (PEBB), integrating the
power switches with the gate control circuits, increases the reliability and the efficiency
of the converter, and makes the design task easier. The development of new silicon
switches, such as RB-1IGBT, will further improve these aspects.

It requires the use of bidirectional switches capable of
blocking voltage and conducting current in both directions. Unfortunately there is no
discrete semiconductor device currently that could fulfil the needs and hence the use of
common emitter anti-parallel IGBT, diode pair as shown in Figure.1.1. The IGBT were
used due to its popularity amongst researchers that could lead to high-power

applications with reasonably fast switching frequency for fine control.
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Figure .1.1 Bidirectional Switch

TABLE 1. COMPARISON OF DIFFERENT POWER CONVERTERS

‘Inverter-Rectifier’ | Muliilevel converter Matrix converter
Converter
Capacitors Large sized Smiall capacitors but No high
capacitors, reduced in large numbers capacHors
lifetime
Temperature Very sensitive High influence in Less influence in
behaviour behaviour
Switching loss High High Low
Control Simple Very complex Complex
Power quality Poor Acceptable Good

1.2. SINGLE-PHASE MATRIX CONVERTER

The single-phase matrix converter (SPMC) similar tools three-phase version
has been described to offer “all silicon™ solution for AC-AC conversion, removing or
minimizing the need for reactive energy storage component used in conventional
rectifier-inverter based system. It has a distinct advantage of atfording bidirectional
power flow with any desired number of input and output phases. By proper modulation
it may be possible to generate various output irrespective of the load from vanous types
of input.The single-phase matrix converter (SPMC) as shown in Figure. 1.2 consists of a
matrix of input and output lines with four bidirectional switches connecting the single-

phase input to the single-phase output at the intersections. Each of the individual switch



is capable of conducting current in both directions, whilst at the same time capable of

blocking voltage.

Figure 1.2 Single phase matrix converter topology

1.3. THE SPMC AS A CONTROLLED RECTIFIER

Classical rectifier normally uses bridge-diode without affording any control
function, thus are major contributor to power factor and current distortion problems
resulting in poor overall power factor, heating effects, device malfunction and
destruction of other equipments. Therefore the demand for high quality power supply
has shown an increase in the provision of unity power factor supply . Implementation
of SPMC as a controlled rectifier has been presented in which uses only 4 swiiches as
illustrated in Figure.1.3 and 1.4, making other 4 switches as redundant. However,
these redundant switches could be used to add features to the controlled rectifier
operation that may include, amongst others; safe-commutation when used in RL load

and power factor correction operation particularly when RC load are used.

Sta Sip S2a ﬁ; S
L

Wisr Load ;

S3a r ] Sda &b
i

Figure.l 3 Controlled Rectifier Using SPMC (Positive State)
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Figure.1.4 Controlled Rectifier Using SPMC (Negative State)

One of the major issues to be considered with the matrix converter 1s the commutation
problem. Since there are no freewheel paths. it is difficult to reliably commutate current
from one switch to another. Various methods have been proposed to avoid this difficulty
and ensure successful commutation in three-phase systems; summarized as follows:

» Kwon proposed the dead time to avoid current spikes of switches and at the
same time establishes a current path for the inductive load to avoid voltage
spikes.

> Wei developed the zero current turn-on and turn-off of the line side converter to
prevent the commutation problems.

> P.Wheeler created semi-soft current commutation that allows the current to
commutate from one switch cell to another without causing a line-to-line short

circuit or a load open circuit.

1.4. OBJECTIVE OF THE PROJECT

The purpose of this project is to develop a Matrix Converter as a Boost Rectifier

with resistive load and capacitor filtered load .
The main objective of the project is mentioned below:
» Boosted Output Voltage.
~ Minimization harmonics in source current
» Improving the input supply power factor.
» To compensate the reactive power.

# Reducing the THD.



1.5 LITERATURE SURVEY

The matrix converter (MC) offers possible “all silicon™ solution for AC-AC
conversion, removing the need for reactive energy storage components used in
conventional converter system. Its topology was first described in 1976 by Gyugyi in
his paper “Static Power Chargers, Theory, Performance and Application”. Previous
published siudies dealt with three-phase circuit topologies. MC n the three-phase
variant is widely researched whilst the Single-Phase Matrix Converter (SPMC) has very
little attention whilst offering very wide application.

The Single-phase matrix converter (SPMC) was first realised by Zuckerberger in
his paper “Single-phase Matrix Converter”. All previous works have focussed attention
to direct AC-AC single phase converter and DC chopper but none on rectifier
operation.

Investigations on the implementation of the Single phase Matrix Converter as an
AC-DC converter was done by Baharom R.,A.S.A. Hasim, M.K.Hamzah and A.F
Omar; in their paper “A New Single-Phase Controlled Rectifier Using Single-Phase
Matrix Converter Topology™.

Investigations on the implementation of the Single phase Matrix Converter as an
AC-DC converter subjected to different load conditions was done by Baharom, R.;
Hamzah, M.X.; Saparon, A.; Ibrahim, [.R.in their paper “Studies on control electronics
implementation of Single-phase Matrix converter operating as AC-DC Converter with
active power filter function™ Excellent results like unity power factor and reduced THD
has been achieved by the system.

Implementation of a new AC-DC matrix converter and its control system are
described by H. Arifin, R. Baharom, M. K. Hamzah & N.R Hamzah in their paper
“Peripheral Interface Controller as Signal Generator in the Single-Phase Matrix
Converter as AC-DC Converter ~. This paper describes implementation of peripheral
interface controller (PIC) to generate pulse width modulation (PWM) signal to control

the synthesize output waveform of single-phase matrix converter.



1.6 ORGANISATION OF THE THESIS:

This report presents a Matrix Converter as a boost Rectifier and with active
power filter function .Chapter | gives an overview of Single Phase Matrix Converter as
a Rectifier and their operation. It also explains the advantages of Matrix Converters
over other types of converters. Chapter 2 details the Single Phase Matrix Converter as a
Boost Rectifier with its MATLAB Simulation model. Chapter 3 describes the proposed
system along with the control strategies of APWM pulses for the Matrix Converter
switches. The MATLAB Simulation model of the proposed system is also obtained and
compared with the base paper model in Chapter 4 .Chapter 5 deals with the hardware
modelling of the proposed system results of hardware testing and the process coding of
the PIC controller. In Chapter 6 the conclusion and future scope of the project is

discussed.
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2. BOOST RECTIFIER USING SPMC TOPOLOGY

Boost converters are widely used for electronic power supplies, in which the desired
output voltage is high compared to a typical ac inpul voltage level; 1.¢ Vou = Via
Generally, a single-inductor, single-switch boost converter topology and its variations
exhibits satisfactory performance in the majority of applications. This Conventional
topology could not be used in bidirectional and regenerative operation. Thus the

redundant switches of SPMC ,when it works as a rectifier is used for boost operation.

2.1 CIRCUIT DIAGRAM OF THE BOOST RECTIFIER

R/lf

RESR

Figure.2.1 Boost Rectifier Using SPMC Topology

A Boost rectifier using single-phase matrix converter topology is presented
that could synthesize a greater DC output vohtage from a given AC supply voltage.
The basic SPMC topology will be reviewed based on controlled rectifier operation by
suitable switching schemes. IGBTs are used as the main power switching device.
Simple resistive load will initially be used, followed by inclusion of simple capacitor
filter to remove ripples at the load. Subsequently the input side will be provided with an
inductance that is used for boost rectifier operation .

The Single-phase matrix converter(SPMC) shown in Figure. 2.1 consists of

a matrix of input and output lines with four bidirectional switches connecting the

12



single-phase input to the single-phase output at the intersections. Lach of the individual
switch is capable of conducting current in both directions, whilst at the same time
capable of blocking voltage .A single-phase controlled rectifier using SPMC  which 1s
derived from the PWM switching as shown in Figure 2.3 according to the switching

* algorithm as shown in Figure.2.2.

//\\ /\ r/\ ff\\ ACIMEUT

(VARVSLVAL v

By %oy ,E PR T

Figure.2.3: PWM Waveform

In the most straightforward implementation, generation of the
desired output voltage is achieved by comparing the desired reference waveform
(modulaung signal) with a high-frequency triangular ..carrier” wave .Depending on
whether the signal voltage is larger or smaller than the carrer waveform. either the
positive or negative dc bus voltage 1s applied at the output. Note that over the period of
one triangle wave. the average voltage applied 10 the load 1s proportional to the
amplitude of the signal (assumed constant) during this period. The resulting chopped
square waveform contains a rephca of the desired waveform in its low frequency

components, with the higher frequency components being at frequencies of an close to

13



the carrier frequency. Notice that the root mean square value of the ac voltage waveform
is still equal to the dc bus voltage, and hence the total harmonic distortion 1s not affected
by the PWM process. The harmonic components are merely shifted into the higher
frequency range and are automatically filtered due to inductances in the ac system.

’ For boost rectifier operation; the pair of switches Sla & S4a
are turn into ‘on’ state whilst switch S3a implements "PWM’ control for inductor
charging/discharging for positive cycle operation. For negative cycle operation, the pair
of switchgs S3b & S2b are turn into “on” state, whilst switch S4b provides control using
PWM. The boost inductor /. is connected in the ac side . For this work, the switching

frequency of 1 kHz is used to generate the PWM signal to control the switches S3aand

S4b for boost operation which is shown in Figure 2.4 & 2.5

" ¢ + -
o ] St §la i Sth
A : e {

cessesnrsbensnd

Figure.2.4: Positive State Figure. 2.5: Negative State

Figure 2.6,2.7.2.8 & 2.9 illustrate the different modes of operation of boost

rectifier following the switching scheme as tabulated in Table 2.

Made ON' M
DOSLVE CYEis 512 8 S4a 83a
negative Oie 5354 8 S4b

Table 2 Switching State For Boost Rectifier Operation

The Mode | begins when S1a and S3a is turn ON. At 1=0 the charging operation
is carried out. The input current, which rises. flows through the inductor L. Thus the
encrgy will be stored in inductor L. It the pulse width of the gate pulse to the switch S3a

is increased by increasing the modulation index the inductor will charge for more ime .

14



The Mode 2 begins when switch Sla and S4a is turn into “on” at t = tl whilst S3a is tum
into “off’ (discharging operation). The current that was flowing through the switches
S3a would now flow through the load. The inductor current falls until switch S3a 1s

turned on again in the next state. The energy stored n inductor L is transferred to the

load. ’

Figure 2.6 Mode 1 Figure 2.7 Mode 2

5%

Figure 2.8 Mode 3 Figure 2.9 Mode 4

2.2. ANALYSIS OF THE PROPOSED BOOST RECTIFIER

In a boost regulator the output voltage is greater than the input
voltage . The proposed operation can be divided into two modes. Mode 1 begins
when Sla and S3a is turn into “on” at t=0 (charging operation). The input current.
which rises, flows through the inductor L. Mode 2 begins when switch Sla and
S4a is turn into *on” at t = t1 whilst S3a is turn into “off” (discharging operation).
The current that was flowing through the switches S3a would now flow through
the load. The inductor current falls until switch S3a is turned on again in the next
state. The energy stored in inductor L is transferred to the load. Mode 3 and 4
shows similar operation during negative cycle. The equivalent circuits for the
modes of operation are shown in Figure.2.6 & 2.7 for positive cycle operation

and Figure 2.8 & 2.9 for negative cycle. For the continuous load current,
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assumptions are made that the current rises or falls linearly. Hence, when the

inductor current rises from Il to 12 in time tl,

For the continuous load current, assumptions are made that the current rises or falls
linearly. Hence, when the inductor current rises from 11 to I2 mn time t1,
Vs= LL=L _ A or M (1)

4 ) o
3

And inductor current falls linearly from 12 to 11 in time 2,

Vs -y, = ;o or Al
i -y,

Where ar=1,-1, the peak-to-peak is ripple current of inductor L. From equations

{()and (2)

ST -V )’? (3)

Substituting t1 = kT and 12 = (1-k)T yields the average output voltage.

Vou= VSI_ _ s (4)
f,o1-K

Vs
v

ant

Which give (1-K)= (5)

Substituting k = t1/T = tif into equation (5) yields

{ D=t (6)
i
Assuming a lossless circuit V= Vo low™ {I—]ﬂj and the average input current is
i-K
L= L. (7)
1-K

The switching period T can be found from

T =g+ tl= AL AL AL

_ =

=1
7 R E S (MO Y
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And this gives the peak-to-peak ripple current:

NRA s (8)
V..,
2 9 .
.

2.3 SIMULATION OF THE BOOST RECTIFIER USING MATLAB 7.0.4
\

2.3.1 METHODOLOGY

The proposed control concept is verified through simulation using
MATLAB/Simulink as shown in Figure.2.10. For simulation implementation, Sim
power system in MATLAB (MLS) is used to model and simulate the circuit. The

supply voltage of 30 Vp-p and boost inductor value of 1mH was used in the simulation.

1a————— S ia
Mm— s
&) —————— {523 L+

2(b) e 52b

3(2) ———————— 1533

L
(b} f————————— P 53 R 4‘?

4@) |5

_

>
4 54 L

Controller ———=(Pht

r—-fm"—n— N
- L SPMC
Vac

1 Continuous

Figure.2.10 The MATLAB/SIMULINK Model Of The BOOST RECTIFIER
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2.3.2 THE CONTROLLER CIRCUIT
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Figure.2.11 Boost Controller Figure.2.12 PWM Generator

The normal rectification operation of SPMC is carried out with switches
Sla and S4b for positive cycle and switches S3b and S2b for negative cycle. The Figure
2.11 shows the control circuit. For rectification operation. Pulse generators provide gate
pulses for both cycles. The Figure 2.12 shows the pwm pulse generation circuit for the

redundant switches S3a and S4b.

When the modulating signal of amplitude Am, and the amplitude of the
triangular carrier is Ac, the ratio m=Am/Ac 1s known as the modulation index. Note that
controlling the modulation index therefore controls the amplitude of the applied output
voltage. With a sufficiently high carrier frequency, the high frequency components do
not propagate significantly in the ac network (or load) due the presence of the inductive
elements. However, a higher carrier frequency does result in a larger number of
switching per cycle and hence in an increased power loss. Typically switching
frequencies in the 2-15 kHz range are considered adequate for power systems
applications. Also in three-phase systems 1t 1s advisable to use so that all three

waveforms are symmetric.
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The pulse width is controlled and by these pwm pulses the boost
operation of the SPMC is carried out. Here the modulation index is compared with
carrier signal of 1 kHz in a comparator. The output of comparator and pulse generator
2 with time period 0.2 sec is given to the block product . The output of the product

block is given to the gate of redundant switch S3a.

The output of comparator and pulse generator 3 with time period
0.2 sec and phase delay 0.01 is given to the block product. This output is given to the
gate of redundant switch S4b.As the modulation index is increased the width of the
pulses will be increased. As the width of pulses increases the conduction time increases.
So the boost inductor will store charge for more time and hence the charge given to load
will be also increased. Thus the modulation index increases the output voltage also gets
increased. Modulation Index (M) s the ratio of amplitude of reference sine wave to the

triangular carrier wave. RMS value of output voltage can be improved by varying M.

The switching frequency of 10 kHz was used to investigate the
characteristics of boost converter changing the modulation index for 0.3, 0.5 and 0.8.

The Load of Resistive value 300€2 is connected to the circuit.

2.4 SIMULATION RESULTS

The operation of the base paper system is evaluated by computer
simulation using MATLAB/SIMULINK. The base paper system is simulated with
various values of modulation indices. The variation of Output Voltage with Modulation

index are noted. The output waveform are shown in figures 2.14 10 2.16.

The Matrix converter is connected across the supply mains. When the
supply is ON the switches S1 and S4 are turned ON to work the circuit in the rectifier
mode alternate sequence. This boost-charging strategy involves fast switching action of
the switching devices which are piloted by Pulse Width Modulation (PWM) technique,
All of these switching actions are carried out in the current control loop (CCL). Since
instantaneous switching actions is required of the SPMC to make the supply current
follows the sinusoidal reference current closely, the current control loop time response
has to be fast. In the simulation works an operating switching frequency of 10 KHz is

used.
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The supply Voltage of 30 V p-p is given to SPMC as shown in Figure

2.13.The pulses are generated by varying modulation index and the results are

investigated. By varying the modulation index the output voltage is also varied. As the

modulation index is increased the output voltage is also increased.
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30 /g . N . T P\. . ,"’ ; .
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Figure.2.13 Supply Voltage
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Figure.2.18: PWM1 PULSES (54b)
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2.5 CONCLUSION

The simulation is done for various values of modulation indices It is clearly
shown that the high frequency will result in higher output voltage which means that the use
of high modulation index will achieve maximum output voltage. At modulation index of 0.3,
the output voltage achieve is up to 137 V p-p for 1 kHz switching frequency .At modulation
index of 0.5, the output voltage achieve is up to 190 V p-p for 1 kHz switching frequency (At
modulation index of 0.8, the output voltage achieve is up to 250 V p-p for | kHz switching

frequency .The PWM pulses for the redundant switches are shown in Figure 2.16 and 2.17.
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3. SPMC INCORPORATING APF FUNCTION

Due to the intensive use of power converter and other non-linear load in industry and by
consumers in general it can be observed an increasing deterioration of the power systems.
Active filter is needed to eliminate ail the unwanted harmonics. The Single Phase Matrix
Converter topology that will operate with an active power filter function is presented. The
APWM pulses are given to the two redundant switches in order to make input current

sinusoidal.

3.1 ACTIVE POWER FILTER FUNCTION

Classical rectifier with DC capacitor filter has a setback in that it draws
discontinuous supply current waveform with high harmomes content. As a result it contributes
10 high total harmonic distortion (THD) level and low total effective supply power factor
affecting the quality of the power supply system. A series active power filter (SAPF)
arrangement was proposed 10 suppress the harmmonic current drawn by rectifier with a
capacitor-filtered load (typical case: motor driver) .

A linear load is an electrical device that is characterized by a uniform rise and
drop in current and voitage when connected in circuit. For example steady pattern can be

observed when the device is operating in a circuit.
Examples of non-lmear load are

# Resistance heating

~ Incandescent lamp

# Unsaturated reactor

A non-linear load is a load whose impedance various within each cycle and draws current
disproportional to the supply voltage. At each and every point of the waveform, the load
impedance varies resulting into higher or lower current then it should be. This makes load
current to be non sinusoidal, resulting in to harmonics creation or distortion

Examples of non-linear load are
~ UPS
# Variable frequency drives

~ Thyristor Rectitier
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Modulation Index (M) is the ratio of amplitude of reference sine wave to
the triangular carrier wave. RMS value of output voltage can be improved by varying M. The
total harmonic distortion (THD) can be varied by varying the carrier frequency. The total
harmonic distortion, or THD, of a signal is a measurement of the harmonic distortion present
and is defined as the ratio of the sum of the powers of all harmonic components to the power
of the fundamental frequency. Lesser THD allows the components in a loudspeaker, amplifier
or microphone or other equipment to produce a more accurate reproduction by reducing
hanmonics added by electronics and audio media. A THD rating < 1% is considered to be in
high-fidelity and inaudible to the human ear. When the input is a pure sin¢c wave, the
measurement is most commonly the ratio of the sum of the powers of all higher harmonic

frequencies to the power at the first harmonic, or fundamental. frequency:

Z' P,
. P+ P+ P+ 4+ Py 5
THD = = BE=s
P P

Using SPMC it has been shown that it is possible to develop a control rectifier

incorporated with active power filter function for maintaimng a sinusoidal mmput current
through proper control. This is done by injecting compensation current to the system, in order
to improve the supply current waveform to a form that is continuous, sinusoidal and in phase
with the supply voltage and hence to near unity power factor corrected input irrespective of
the load behaviour. The block diagram of the APF function is as shown in Figure 3.1. This 1s
achieved through implementation of boost inductance in series with suitable control

algorithm.

2N b+ s L[ Nondinear |
Ui =™ oad |

Ny / p—
R

Supply 1

Current
i Sopurce

Figure 3.1. Block Diagram Of Active Power Filter Function
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The following equations are represents of principle,

I =1¢+ I (3.1
L= L, (3.2)
Is=I + lp=c+ )+ (lu) = I (3.3)

Where,
Is = Source Current
Ii = Load Current
f¢ = Fundamental Current
Ii1 = Current Harmonics
Iy = Compensation Current

The equation (3.1) represents as the non-linear load current. It's the combination of
fundamental and hanmonic current so the non-linear load current obtains the distortion of the
fundamental current. This distortion affects the source current. So we need to reduce the
distortion of source current usc the compensation current. {3.3) represent as obtain the

fundamental current using the compensation current

3.2 CIRCUIT CONFIGURATIONS

The proposed controlled rectifier with active power filter function using SPMC 15 as
shown in Figure 3.2. divided into three major components; a) SPMC circuit and b) boost
inductor and c¢) control function. In this work, the non-linear load was represented by the use
of a resistor and a shunt capacttor. Control electronics was used to generate active pulse width
modulation {APWM) using boost technique that is piloted by a current control loop (CCL) as

shown in Figure 3.9 to provide compensation algorithm.
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3.3 PRINCIPLES OF OPERATION

Implementation of active power filter function in this proposed work is to force
the supply current to follow the reference current (desired signal). Based on the proposed
APWM control scheme, the rectifier is controlled to have a sinusoidal line current with high
power factor. A comparator is used to compare the carrier signal with the output of
proportional integral (P) signal (modulating signal) in the inner current control loop to track
line current and improve the response due 10 load change. motor driver) . For current wave
shaping operation, energy is initially stored by the inductor by turning "ON" switches Sla and
$3a during positive cycle whilst S3b and S3b during negative ¢ycle as shown in Figure 3.3
and 3.4 respectively. This is then followed by charging up the capacitor by turning "ON" the
switches of S1 a and S4a during positive cycle whilst S3b and S2b for the negative cycle as
shown in Figure 3.5 and 3.6. This boost-charging strategy involves fast switching action of

the switching devices which are piloted by current control loop.

Figure 3.3 Positive Cycle (Statel) Figure 3.4 Positive Cycle (State 2)

27



Figure 3.5 Negative Cycle (State 3) Figure 3.6 Negative Cycle(State 4)

The boos\;-charging strategy is shown in Figure 3.7 involves fast
switching action of the switching devices which are piloted by pulse width modulation
(PWM) Technique that are carried out in the current control loop (CCL). Since
instantaneous switching action is required from the SPMC to make the supply current
follow the sinusoidal reference current closely, the current control loop response time must
be fast. By increasing the amplitude of supply current the average DC capacitor voltage can
be increased to a higher value. Furthermore if the amplitude of the supply current 1s reduced
average DC capacitor voltage will also be reduced. capacitor voltage will also be reduced.
This shows that average DC capacitor voltage is directly proportional to the amplitude of
the mains current. Therefore, correct amplitude of the mains current and average DC
capacitor value can be manipulated so that the power delivered 1s equal 1o the power absorb

by the load and switching losses whilst maintaining constant DC capacitor voltage.

010 T 111 S
WM DD

- O ey P LS

i
P

Figure 3.7 Switching Pattern

In this proposed mcthod during the positive cycle operation, the current
flows through switches Sla and S3a. the inductor stores enough energy in such a way that i
increases the value of supply current above the value of the reference current; whilst during
current flow through switches Sla and S4a pair, the capacitor C is connected to the line

circuit in such a way that its voltage brings about a drop in the supply current below
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reference value; a capacitor charging operation as illustrated in Figure 3.8. During the
negative cycle, the pair of switches S4b and S2b is used for charging the inductor whulst the

pair of switches S3b and S2b for discharging operation.

b1

el RN
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ECRTYE CUERT Coapamiitng 1

BT
chaige

Figure 3.8. Filter Power Unit Function

3.4 THE CURRENT CONTROL LOOP (CCL)

The current control loop (CCL) is to provide control to the system
by monitoring the supply current waveforin and making corrections by current
compensation techniques. It functions to detect the supply cwrrent waveform and
subtract it from the reference current. The resultant error represents the modulation
signal that is used to control the charging and discharging of the inductor as a current
source for compensations. The CCL used in this work (Figure 3.9) is divided mnto three
elements; a) Subtractor, b) Proportional Integral (PI) controller and ¢) PWM generator.
A comparator is used to compare the carrier signal with the output of proportional
integral (PI) signal (modulating signal) in the inner current control loop to track line

current and improve the response due to load change.

is PRI
v »}F1 controller T} PVYM Generator e
R subractor .
ts*
Carrier
signal

Figure 3.9 Block Diagram Of Current Control Loop (CCL)
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4. SIMULATION OF THE SPMC USING MATLAB 7.0.4

4.1 MATLAB

The name MATLAB stands for matrix laboratory. MATLAB is a high-
performance language for technical computing. [t Integrates computation, visualization,
and programming in an easy-to-use environment where problems and solutions are
expressed in familiar mathematical notation. In this project the modelling and
simulation of the proposed system is done using MATLAB(using simulink and power

system block set tool boxes).
SIMULINK

Simulink is a software package for modelling, 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.
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 modetling and simulating basic electrical circuits and detailed
electrical power systems. These tools let you model the generation, transmission,
distribution, and consumption of electrical 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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4.2 THE OVERALL SYSTEM STRUCTURE

The MATLAB/SIMULINK based simulation model of the
proposed system 1s shown in figure 4.1. Single phase supply is given to the SPMC. An
R load is connected with a capacitor filter across it. The measurements are taken from

the measurement block. The MOSFET switches are controlled by the controller block.

EAVT TR S A TR

Figure.4.1 MATLAB/SIMULINK MODEL Of The SPMC

The investigations are carried out by the use of capacitor filtered load. Active
power filter function is then incorporated to compensate the distorted supply current to
become sinusoidal and in-phase with the supply voltage resulting with low total
harmonics distortion {THD) affected from non-linear lead. Tt is implemented using
current controlled loop for active current wave shaping. The proposed rectifier was
supplied by 30 V (pk-pk} voltage source; with a 30082 pure resistive load and an output
DC capacitor filter of 100 uF with switching frequency of up to 10 kHz as shown in
figure 4.10.

4.3 CURRENT CONTROLLER

The modelling of current controller i1s shown in figure 4.2. The input
current 1s sensed by a current sensor and is compared with a reference signal. The error
signal i1s given to P controller for stabihizing error signal. Then it 1s compared with the
carrier signal and thus the APWM pulses are generated .These pulses are given to

switches S3a and S4b.
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Figure. 4.2 Current Controller Model

The Matrix converter is connected across the supply mains.
When the supply 1s ON the switches S1 and S4 are tarned ON to work the circuit in the
rectifier mode. This boost-charging strategy involves fast switching action of the
switching devices which are piloted by Pulse Width Modulation (PWM) technique. All
of these switching actions are carried out in the current control loop (CCL). Since
instantaneous switching actions 1s required of the SPMC to make the supply current
follows the sinusoidal reference current closely, the current control loop time response
has to be fast. In the simulation works an operating switching frequency of 20 KHz is

used.

4.4 SIMULATION RESULTS

Results of implementations of the proposed controlled rectifier with
active power filter function are shown .The APWM pulses are given to make the input
current sinusoidal and continuous. Here by simulating the SPMC with APWM a
continuous ,sinusoidal and improved power factor is obtained. The output Voltage is

boosted and is also with less ripples.

30 I
\

Yollagelvalts)
(]

| | ! ‘|'I l' ! IE 'I
20} II\\ / | ,U | \j' | ll'.\ ;}l il'x JJL

0 .02 004 0.06 n.os 1
Tirnefsec)

Figure 4.3 Supply Voltage
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. FFT analysis
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Figure.4.7 THD With APWM

4.5 COMPARISON OF THE SIMULATION RESULTS

The comparison of results without APWM and with APWM are
shown. The investigations on the output capacitor filter shows waveform of the supply
current without compensation that is pulsating discontinuous and non-sinusoidal n
nature . Implementation of compensation results in continuous and sinusoidal , where
the supply current has shown significant improvements. The waveform is now
continuous, sinusoidal and in-phase with the supply voltage The output voltage is
boosted form 30V p-p to 50 V p-p and the ripples in the voltage has been reduced. In
these studies it has been observed that the supply current has been improved from a
THD of over 101% to a THD level of below 6.52% .APWM pulses improves with

almost unity power factor compared to the input current without APWM.

4.5.1 COMPARISON OF SUPPLY CURRENT
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4.5.2 POWER FACTOR
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CHAPTER 5
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5. HARDWARE MODEL OF SPMC WITH APF

5.1 HARDWARE BLOCK DIAGRAM

The block diagram of prototype model of SPMC with APF is shown in fig 5.1. It 1s

designed to work in the rectifier mode when the supply is ON.

OUTPUT
{PULSATED DC)

7€D
|
CURRENT RER—
AC SOURCE SENSOR e MATRIX CORVERTE
-
X Fy
aC
 EFERANCH SUBTRACTOR: MPARATOR
TRIANGULAR| MICROCONTROLLER
OSCILLATOR

¥igure.5.1 Hardware Block Diagram SPMC With APF

The entire system is divided into the following systems for the easiness of

understanding.
Fe AC source
s Single Phase Matrix Converter.
- Zero Crossing Detector
> Current Sensor
> PIC 161887
” Subtractor
- Comparator
- Triangular Oscillator
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The Single phase supply ts given to the Matrix converter. The load connected to the is
matrix converter 1s capacitor filtered resistive load. Due to this capacitor filtered load
the supply current drawn will be discontinuous. A current sensor is used to sense the
input distorted current. The distorted input current is subtracted from a reference signal
taken from the supply source. The error signal is then given to PI controller and is given
to the comparator . The signal 1s compared with the carrier signal generated by
Triangular oscillator. Thus the APWM pulses are generated. These pulses are given to
S3a and S4b of matrix converter. The APWM pulses gencrated are controlled by
analogue method. The pulses to the other switches are generated by PIC 16887 with the

detection of zero crossing of input supply by Zero crossing detector.

5.2 SCHEMATIC DIAGRAM

5.2.1 SCHEMATIC DIAGRAM OF SPMC

—"-}\,’-———‘—] 4.“:!' o

I —

VEREF

Figure.5.2 Schematic Diagram Of SPMC

The schematic diagram of SPMC 1s shown in Figure.5.2 with a capacitor filtered

resistive load. The current is sensing {from the supply by using the operational amplifier.
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Then it is compared with the one reference signal which is in time phasc with the supply
vohtage. The zener diode 1s connected across the supply to maintain the supply voltage
as a constant value.

Advantages of MOSFET

%

i

#  MOSFET provides much better system reliability.

~  Driver circuitry is simpler and cheaper.

> MOSFET's fast switching speed permit much higher switching
frequencies and thereby the efficiency are increased.

»  Overload and peak current handling capacity is high

#  MOSFETs have better temperature stability

~  MOSFET's leakage current is low

~  Drain-source conduction threshold voltage is absent which eliminates

¢lectrical noise.

5.2.2 SCHEMATIC DIAGRAM OF OPERATIONAL AMPLIFIRER
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Figure.5.3 Schematic Diagram Of Operational Amplifier

Figur.5.3 shows the schematic diagram of operational amplitier. The sensed current
from the supply 1s given to non-inverting terminal and the reference signal is given to
inverting terminal. These two signals are compared with each other and we can generate

the error signal .
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5.2.3 SCHEMATIC DIAGRAM OF DUAL POWER SUPLLY UNIT

The rectifier block contains a step down transformer, which step downs the input
voltage from 220V to 12V. In addition, the step downed voltage is rectified to DC. This
1s done by single phase matrix converter. The output of this block is 12V dc. Then this

12V dc is stepped down into 5V and is given to the PIC microcontroller.

POWER SUPFLY

7
1N40OT - LaTee LM7SOS +5V
—— 4 1 g 3
1 N4007 = I
e f
”f400 7 :

12V SUPPLY FROM TRANSFORMER h ;25v ; "o 1uz- ; ‘ 100;\17425‘7

5—_..,4,4 N400t I I_ $—L . - l L P GND

Figure.5.4 Schematic Of Dual Power Supply Unit

5.2.4 SHEMATIC OF CURRENT CONTROL LOOP

i : 5E — L e,

TRUANGULAR
GERLRATOR S ——

Figure.5.5 Schematic Of CCL

The schematic diagram of analogue controller is shown in figure.5.5.This controller is
to generate APWM pulscs. The APWM pulses are given to two switches S3a and S4b 1o
make input current sinusoidal, continuous. A current sensor is used 1o sense the mput
distorted current. The distorted input current is subtracted from a reference signal taken

from the supply source. The error signal is then given to Pl controller and is given 1o the
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comparator . The signal is compared with the carmer signal generated by Triangular

oscillator. Thus the APWM pulses are generated through analogue method.

5.2.5 SHEMATIC OF MICROCONTROLLER

The schematic diagram of PIC microcontroller is shown in figure.5.6. The
gate pulse for the 6 switthes of the matrix converter is generated by PICI16F887
controller. This micro controller circuit works in 5V power supply. So separate step
down rectifier unit is made for the controller. The detail about PIC16F887 is given in
APPENDIX I. This controller is isolated from the main circuits by means of opto-

coupler.
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Figure.5.6 Schematic Diagram Of PIC 16F387
Features of PIC16F887

High-Performance RISC CPU

v

Only 35 single word instructions to learn
# Operating speed: DC - 20MHz clock input.

»~ All single-cycle instructions except branches
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Peripheral Features:

A%

36 I/O pins

~  High sink/source current 25 mA

#  Interrupt-on-pin change option R

# Two 8-bit timer/counter (TMRO, TMR2) with 8-bit programmable prescaler.
#» Two Capture/Compare PWM (CCP) Module.

Special Micro controller Features

#  Power-Saving Sleep mode

> Power-on Reset (POR)

#  Selectable Brown-out Reset (BOR) voltage

#  Extended Watchdog Timer (WDT) with its own on-chip RC oscillator for
o reliable operation

Master Synchronous Serial Port {MSSP)

#  High-endurance Flash/EEPROM cell

A1

»  Self-reprogrammable under software control

A4

Programmable code protection.

#  10-bit 14 channel Analogue -to-Digital (A/D) Converter

‘I

PWM output steering control.
# 368 bytes RAM memory
256 bytes EEPROM memory

N

~  Analogue comparator module with
* Two analogue comparators
= Fixed voltage reference (0.6V)

= Programmable on-chip voltage reference

Optocoupler:

Optocoupler 1s 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
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presence of light. These devices are used to isolate the control voltage from the

controlled circuit.

MCT2 OR MCT2E ... PACKAGE

{TOP VIEW)
(o]
ANODE [I1 s [l BASE
CATHRODE [ 2 5[} COLLECTOR
NC [] 3 4[] EMITFER

NC — No internal connection
Figure.5.7 Optocoupler

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

High Direct-Current Transfer Ratio

Base Lead Provided for Conventional Transistor Biasing

High-Voltage Electrical Isolation . . .

1.5-kV, or 3.55-kV Rating

Plastic Dual-In-Line Package

VvV V V V¥ V¥

5.3 HARDWARE TESTING AND RESULT

The fabricated hardware model is as shown in fig.5.8. The input
waveform of the matrix converter is shown in the figure 5.9. The control pulses for the
Active filter operation is shown in figure 5.10 and thus the input current remain

sinusoidal and continuous.

Figure.5.8 Prototype Photo
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FALCON

Figure.5.9 Supply Current Waveform

FALCON

Figure.5.10 APWM Pulses
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CHAPTER 6
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6.CONCLUSION AND FUTURE SCOPE
6.1 CONCLUSION

A single phase matrix converter topology as a boost rectifier has been studied and
designed for non linear load condition. The supply current waveform for the RC load
with active power filter function results with an almost sinusoidal and in-phase with the
supply voltage. The APF function results in improved power factor and reduced THD
level. The simulations results have been presented in the form of waveforms and
tabulated data to verify the operation of the proposed rectifier. It is shown that the
SPMC topology has inherent versatlity extending beyond the direct AC-AC converter,
DC chopper and rectifier operation. The behaviour and operation of the proposed
structure was examined with the MATLAB/simulink. The same technique 1s
implemented in hardware using PIC micro controller and the results are verified with

the simulation results.

6.2 FUTURE SCOPE

Further advancement could be developed with switching control which has

capabilities to climinate spike that is commonly induced with the use of inductive load .
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APPEDIX-1

ARCHITECTURE OF PIC 16F887

PIC16F8E2/882/886 ELOCK DIAGRAM

Cantparaer AORTA,
43 £ : S
L S Sus P it
‘-':-.zi Fregrar Sog= [C JL g _:-
FEsn N
ittty .Il. =k | . wAZ
;M . :;J'! ™ (ot s
Precry— | - _ y ] =z
Mamary g ENK ] s
BT ﬁ AT
T a4
Sz i
‘ iRSTuUCIon Feg !
" Drect ADIT
g
\ Fomer-x
k% T
i
P Togl e
Deesde & [obms] | o T
Leesy:
Poaes -
P~ X ALY P e
Ea mr— ] gt~ AN
: | Gemerstion [ e
SUOLTLRG “’ Brows !
kil Lileixd
ey
Caztsster
Bog
BECLH VS -
-
5 2
L’ "L [E -] SE
. 5 g E L n Lf
Ayeser SoMEARONCLD
Timet Timart Trees EusART EoP Sers Pt (MSEF
it i 1t i B
. T
et s
. Aoy ToDigTy o 2 Anaed CompateorT z izt = s EEDATA
N AT ane Retererce Pl prve
Tt 326 By
an
EBET ] EASE EOERENEIED serRon
R - Y —
LELTEERZZZE 2RFFI T2 EEAcoR
TaEx SanEafiy
Soo LU 0 ar
Nots 11 FIC1ETEE2 o R =
b4 FICEFEEC on'y

50



Pin Configuration of PIC16F877A

Pin Diagrams — PIC16F384/887, 40-Pin PDIP
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TIMER 1 BLOCK DIAGRAM:
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COMPARE MODE OPERATION BLOCK DIAGRAM:

Specia Even: Tiggsr
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FEATURES OF PIC:

- High-performance RISC CPU
- Only 35 single word instructions to learn
- Operating speed: DC - 20 MHz clock input
> Precision Intemal Oscillator:
s Factory calibrated to £1%
* Software selectable frequency range of
e 8 MHz t0 32 kHz
e Software tuneable
¢ Two-Speed Start-Up mode
¢ Fail-safe clock monitoring for critical applications
» Clock mode switching during operation for low-power operation
Power-Saving Sleep mode
- Power-on Reset (POR)
» Selectable Brown-out Reset (BOR) voltage
- Extended Watchdog Timer (WDT) with its own on-chip RC oscillator for
reliable operation
- In-Circuit Serial Programming™ (1CSP™) via two pins
- In-Crircutt Debug (ICD) via two pins
- High-endurance Flash/EEPROM cell:
¢ 100,000 erase/write cycle enhanced Flash program memory. tvpical

. 1,000,000 erase/write cycle data EEPROM memory, typical
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Y

. Data EEPROM retention > 40 years

Self-reprogrammable under software control
Programmable code protection
Peripheral Features:
Timers:
TMRO: 8-bit timer/counter with 8-bit prescalar
TMR ] enhanced: 16-bit timer/counter with prescalar,
External Gate Input mode and dedicated low-  power 32kHz oscillator
TMR?2: 8-bit timer/counter with 8-bit period register, prescalar and
postscalar
Capture/Compare/PWM (CCP) module
Enhanced Capture/Compare/PWM (ECCP) module with auto-shutdown and
PWM steering
Master Synchronous Serial Port (MSSF) module SPI™ mode. 12C™ mode
with address mask capability
Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module:
Supports RS-485, RS-232 and LIN compatibility
Auto-Baud Detect
Auto-wake-up on Start bit
Ultra Low-Power Wake-up (ULPWU}
Analogue Features:
10-bit 14 channel Analogue-to-Digital (A/D) Converier
Analogue Comparator modules with:
Programmable on-chip Voltage Reference
(CVREF) module (% of VDD)
Fixed 0.6 V ref
Comparator inputs and outputs externally accessible

SR Latch mode
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APPENDIX- 11

#include<pic.h>
__CONFIG(0X1F71);
. unsigned int COUNT,ZC;

void main{)

TRISB=0;

PORTB=0;

ADCON1=0X06;
TRISA=0X14;

PORTA=0;

ZC=1;

T1CON=0;
TMRIL=0X78;

TMRIH=0XEC;

PR2=9Y9;
CCPRIL=0X32;

CCP1CON=0X0C;
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T2CON=0X04;

GIE=PEIE=TMRI1IE=1;

while(1)
H
if(RA4==1)
{
if(ZC==1)
{
TICON=0X01;
PORTB=0XC0;
ZC=0;

COUNT=1;

}
if(RA4==0)
{
if{ZC==1)
¢
PORTB=0X03;
T1CON=0X01;
2.C=0;
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COUNT=2;

while(RA4==0);

}

void interrupt isr()

{

if(TMR1IF==1)

d

TMR11F=0;
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APPENDIX-I

Advanced Power MOSFET

IRFZ44

FEATURES

+ Avalanche Rugged Technology

+ Rugged Gate Oxide Technology

+ Lower Input Capacitance
+ Improved Gate Charge
+ Extended Safe Operating Area

+ 175°C Operating Temperature

> -

Lower Leakage Current: 10uA (Max @ Ve
Lewer Rpgony 0.020Q (Typ.)

80V

i

Absolute Maximum Ratings

5

S

BVipes = 60V
RDSVc;)m = 0.0240
I, = 50 A
TO-220

1.Gate 2. Drain 3. Scurce

Symbol Characterisiic Yalue Units
Yoes Drain-tc-Source Voltage 60 v
. Continuous Drain Cument {T~=25°C) 50 N
Continuous Drain Curent {T,=100-C, 354
lom Drain Current-Pulsed i 200
Yoo Gate-to-Source Voltage =20 v
Eas Single Pulsed Avalanche Energy i2 857 mJ
lan Avalanche Current [F) 50 A
Euwr Repetitive Avalanche Energy i1 12.8 mJ
dvidt Peak Diode Recovery dvidt i 58 Wins
Total Power Dissipation {T.=25°C) 126 WA
i Linear Derating Factor 0.84 WG
Operating Junction and
T, . Temm -55 to +175
Storage Ternperature Range
- Maximum Lead Temp. for Soldering 200 c
- Pumoses, 1:8. from case for 5-seconds
Thermal Resistance
Symbol Characteristic Typ. Max. Units
R e Junction-to-Case -- 1.18
Rucs Case-tc-Sink 05 - "CAW
Res Junction-to-Ambient - 2.5
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TIRFZ44

N-CHANNEL
POWER MOSFET

Electrical Characteristics (T,=25°C unless otherwise specified)

Symbol Characteristic Min. | Typ. | Max.| Units Test Condition
BVpss | Drain-Source Breakdown Voitage | 60 | — - Vo] Vee=0V 1n=250pA
ABV/AT; | Breakdown Voltage Temp. Coeff. | .- [0.083| ~ |V#C|y=250us  See Fig 7
Vssm | Gate Threshold Voitage 20| - |40 V | Vpe=BV.,=250pA
Loee Gate-Source |eakage . Forward -~ | -~ |100 nA Vg2 OV
o Gate-Source Leakage , Reverse - | -- |-100 Vie=-20%
- - 10 \\JIDSFEO\J’
fras Crain-to-Source Leakage Current N ~ 1100 LA 38V T 150G
Static Drain-Source
Roson; | - |po24| o |Ves=10V.0p=25A )
B9 | On-State Resistance ; i
e Forvard Transconductance - [326] -~ | U [vp=30v.i,=254 (4
Cis: | Input Capacitance - |1770|2300 _ _
: Yeg=0V Wag=28Y f =thiMz
Cess | Qutput Capacitance - | 590 | 880 pF See Fio 5
ee rf
Cres Reverse Transfer Capacitance -~ | 220 ] 255 9
tyon; | Tumn-On Delay Time - |20 40 4 .
, - Veo=30Y 1n=00A,
t, Rise Time - | 18| 40
. ) ns | Rg=%.102
by | Turn-Off Delay Time - | 88 | 140
- See Fig 13 4345
t Fall Time - | 70 | 140
Q; | Total Gate Charge - | 84| 83 Ype=48Y Vee= 10V,
Qg | Gate-Source Charge - [12.3] -- | nC | 14=50A
Qg Gate-Drain {. Miller. } Charge - |238| - See Fig 6 & Fig 12 43(5)

Source-Drain Diode Ratings and Characteristics

Symbol Characteristic Min.| Typ. |Max.| Units Test Condition
Ig Continuous Source Current - | - |50 4 Integral reverse pn-diode
fe Pulsed-Source Current SH R ~ | 200 in the MOSFET
Var Diode Forward Voitage ] - - [ 18] V | T=257C 1c=50A Vog=0V
t, Reverse Recavery Time -~ {8 | - | ns | T=25°C.I=80A
Q, Reverse Recovery Charge -~ |0.24| - | uC | diz7dt=100A/us 14}
Notes:

t1E Repetitive Rating: Pulse Width Limtted by Maximum Juncton Temperature
2 =0 amb 1, =004 v =05 R =276 Staning T,=25'C
131 1y SOAL di'dt S 350A S, Wi < BY oo Starting T,=225°C
141 Pulse Test: Pulse Width = 250us. Duiy Cycle < 2%
121 Essenbaly independent of Qperating Temperature

59




MC78XX/ILM78XX

3-terminal 1A positive voltage regulator

Features

+ Output Cwvent up 10 1A
« Output Voltages of 5. 6.

RN S

« Thermal Overload Protection

» Short Circuit Protection

Description

The MCTENILAMTENYX series of three-terminal positive

12015 18, 24V regulators ave available in the TO-220,/D-PAK package and

with several fixed cuput vodtages, making them useful in a
wide range of applications. Fach vpe sinploys interal cur-

= Outpui Transistor Safe Operating area Proiecrion rent limiting. themmat shut-down and safe operating area pro-

internal Block Digram

tection. making 1t essentatly indestructible. 1f adeguate heat
smking is provided. they can deliver over LA ourput current
Altheugh devigned primartly as fixed voltage regularors.
these devices can bz usad with external commponenis 1o
olain admstahle voltages and currents.

1. Input 2 GND 3 Output

SEMIES COUTPUT

meuT
o T PASS
B L ELEMENT 3
i
SURRENT soa
GENERATORA PROTECTION
L ' :
i !
i !
STRATING AL ERENCE £ RAGR i i
CRCuT VOUTAGE AMPLIFER H i
T
!
i I . THE RMAL
' RO ECTION
1 N
o g
2
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Veltage (for Vo = 5V to 18V) W) 25 N
{for Vo = 24V) 7 40 v
Thermal Resistance Junction-Cases B Ruic s ew
Thermal Resistance Junction-Air Raa g5 “CIwW
Operating Temperature Range (MC78XXCT/LM7EXXCT/MCTEXXCOT) | Toer 0~+125 | °C |
Storage Temperature Range 'I:'gén; -85 ~ +150 “C
y
Electrical Characteristics (MC7805/LM7805)
{Refer 1o test circnit .6°C -7 T7 -2 1259C. 1o = 300mA. V1 = 16V, (= 3.33UF, Co= O TPF umless otherwise specifizd:
MC7805/LM7805 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ta =+257C 42 £0 52
Output Voitage Yo i.o:’i;:it ISG;\’ TCA.Po . 15w \
E v i oov 475 | 50 | 525 ‘
. . ; Vo =TV o 25V - 4.0 100
Line Reguiation AV | Ty=+2587°C mYy
V=8V o 12V - 1.6 50
lcr = 5.0mA to1.5A - 9 100
Load Regutation AV | Ti=+28°C o =250mA to my
750mA ) 4 50
Quiescent Current Ie} Ty =+25°C - 50 8 mA
16 = SmAto 1.0A - leoz | o5 |
Quiescent Current Change Alg — mA
V= TV to 25Y - 0.3 1.3
Qutput Voltage Drift AVE/AT | o= EmA - -0.8 - mWVEsC
Output Noise Voltage VN f= 10Mz to 100KHz. TaA=+25°C - 4z |- uy
Ripple Rejection RR f;) O e 62 | 73 | - 4B
Dropout Voltage Vo b= 1A, Ty =+28°C - 2 - v
QOutput Resistance Ro f=1KHz - 15 - mil
Short Circuit Current lse Y= 35V, Ta =+25°C - 230 - mA
Peak Current IPK Ti=+28°C - 22 - A

» Load and line regulation are specified at constant :unction temperature. Changes m Ve due o heating effects mnisl be taken

mte accoumnt separately, Pulse testing with low dumy iy used.
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Electrical Characteristics (MC7806)

(Refer 1o test circuit 0°C < Ty

«=123°C 1o

SOOMALNT = DIV Cr= 0.33uF. Co-

0 11 F mnless otherwise specified;

P t: Symbol Conditi Mcr80o tnit
arameter mbo onditions - ni
y Min. | Typ. | Max.
TJ=+25°C 575 8.0 6.25
% — - . — . -
Output Voltage Vo 50mA = 1o - 1.0A Pp . 15W
Yi= 80V to 21V 57 8.0 53 A%
Vi=9.0V o 21V " ' ‘
) . A V)= 8V 1o 25V - 5 120
Line Regutation AVo Ta=+25°"C }—ii—u — 1 mV
V)= GV to 13Y - 1.5 €0
. \ . ; I =bmaA o 1.4 - 9 120
Load Regulation AV Ty=425°C : my
lo =250mA toTE0A - 3 80
Quiescent Current 78} Ti=+289C - 5.0 8 mA
. lo=5mAto 1A - 2.5
Quiescent Current Change Alo mA
Vi = 8V to 25V - - 1.3
Output Voltage Drift AVaAT [ 1o = 5maA : 08 | - [mwec
Output Noise Voltage VN f=10Hz to 100KHz. TA=+25"C - a5 - uv
. L f=120Hz
Ripple Reijection RR Vi = GV to 19V 59 75 - dB
Cropout Voltage ie] I =1A. T =+25°C 2 - V
Output Resistance R f=1KHz | 19 - mil
Short Circuit Current Isc Vi= 38Y. Ta=+25°C P 250 - A
Peak Current [=1'4 Ty =+25°C - zz2 - A

* Load and Jine regulation are specified a1 constamt junction remperature.

Choanges in

e account separately. Pulse testing with Tow duty is used,
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1N4001 - 1N4007

Features

+ Low forward voltage drop.

* High surge current capability

%

DO-41

TOLDS BAND DEMQTIE LAT-C0F

General Purpose Rectifiers (Glass Passivated)

Absolute Maximum Ratings*

T, = 250 uniess oThern s& neted

Symbol Parameter Vailue Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Y oRmt Peuk Repetitive Reverse Voltage 0 T 200 | 406 G001 800 | 1000 i
Iz, Average Rectified Forward Current, e -
375  leadlength @ T, =75 C - B
[ Nen-repelitive Peak Forward Surge
Current 30 A
2.3 ms Single Half-Sina-Wave
Tea Slorage Temperature Range LAto 175
T, Cperating Junclion Temperature AR +175 o
*These ra-ncs are Bmiting values above whith the servicenstity of any semicor .01 dewce May ke mcaren
Thermal Characteristics
Symbol Parameter Value Units
Pc Pawer Dissipation 30
Rea Thermal Resistance, Junction to Ambuent 55
Electrical Characteristics - -2scunessonensise rered
Symbol Parameter Device Units
4001 | 4002 | 4003 | 4004 [ 4005 [ 4006 [ 4007
e Forwarg Voltage @ 1O A B
e Maximum Full Load Reverse Current Fuli TR
Cyrle T.=75C
I Reverse Current & rated V; T, = 25°C U TR
T, = i00°C 200 A
- Total Capactance 1% ok

V=45V f=10NMH2
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General Purpose Rectifiers {Glass Passivated)

{cantinued)

Typical Characteristics
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Figure 1. Forward Current Derating Curve
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Figure 3. Non-Repetitive Surge Current
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Figure 2. Forward Veltage Characteristics
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Figure 4, Reverse Current vs Reverse Volitage



