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ABSTRACT

Multilevel inverter (MLI) is a new breed of power converter that is suited for high power
applications. Mbltilevel inverter is an effective and practical solution for increasing power and
reducing harmonics in ac waveforms. The various topologies of multilevel inverter are diode-
clamped, capacitor clamped and cascaded H bridge inverter. Among the three, cascaded multilevel
inverter is the 1ﬁost widely used topotogy. This paper focuses on the implementation of inverted
sine PWM tech!nique for asymmetric cascaded multilevel inverter with unequal DC sources. This
technique comll?ines the advantage of inverted sine PWM technique and asymmetric cascaded
multilevel inverter with unequal DC sources. Performance evaluation of the proposed PWM
strategy and iniverter topology is done using MATLAB/SIMULINK for both single and three
phase asymmetric multilevel inverter, For a seven level output, the proposed inverter topology
comprises of tvii/o H bridges and two DC sources which is of unequal in nature is simulated using
MATLAB. Wi%h the implementation of Inverted Sine Carrier Pulse-Width Modulation (ISCPWM)
technique therg exists an enhancement in fundamental output voltage along with the reduction in

Total Harmoniﬂ; Distortion. The prototype model is also designed, fabricated and tested.
i
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CHAPTER 1
INTRODUCTION

1.1 NEED FOR THE PROJECT:

mplementation of Inverted Sine Pulse Width Modulation (ISPWM)} technique for

—

_fortifying an ‘%\symmetric Cascaded 7 level inverter using two H- Bridges, as [SPWM technique

reduces Total Harmonic Distortion (THD) and also enhances the fundamental output voltage.
1.  OBJECTIVE OF THE PROJECT:

The pim of this project is

e To design and simulate single and three phase Asymmetric

Cascaded 7 level inverter with two H- Bridges

e To generate switching pulses for the cascaded H Bridge 7 level
inverter by comparing Unipolar Inverted Sine wave of high

switching frequency with that of the reference wave.

e To implement Phase Disposition multi-carrier technique with

carriers of same frequency and of same amplitude.

i
i
i
I
|
|
i
|
|
i o To evaluate the performance of seven level output based on Total
} Harmonic Distortion (THD) and Fundamental Output Voltage in
i comparison with conventional PWM technique.

| e Further evaluation in the performance of seven level output is
carried out by implementing Variable Frequency Inverted Sine

PWM( VFISPWM) based on Total Harmonic Distortion (THD} in
comparison with Unipolar ISPWM technique.



1.3 ORGANISATION OF THE THESIS:
Chapter 1 cleali;s with the introduction to the project.
Chapter 2 deals with overview of Multilevel Inverter

Chapter 3 givd:s the overview on Conventional modulation Strategies of MLI

Chapter 4 dealls about Inverted Sine Wave Pulse Width Modulation (ISPWM)

Chapter 5 dea]‘s with Conventional Cascaded MLI employing proposed ISCPWM Technique

Chapter 6 deai;s with Asymmetric Cascaded MLI

!
Chapter 7 deals with Asymmetric Cascaded employing proposed ISCPWM Technique

i
Chapter 8 dea}s with the hardware implementation.

Chapter 9 givél:s the conclusion of the project
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CHAPTER 2
MULTILEVEL INVERTER

2.1 INTRODUCTION:

Multilevel inverter synthesizes a desired voltage from several levels of dc voltages with
low harmonics. As the number of levels increases, the harmonic distortion of the output wave
decreases. Furlther, for reducing harmonics, PWM or space vector modulation is used. It gives
complexity in switching frequency in operation. Another approach is to find the switching angles
in order to eliminate the specified harmonics. The mathematical theory of resultant is used to
compute optiu\mm switching angle.

The nuwltilevel inverters have drawn tremendous interest in the power industry.
Renewable engrgy sources such as photovoltaic, wind, and fuel cells can be easily interfaced to
the multilevel inverter system for 2 high power application. Increasing the number of voltage
levels in the inverter without requiring higher ratings on individual devices can increase the
power rating.| The term multilevel began with the three-level converter. Subsequently, several
multilevel converter topologies have been developed. However, the elementary concept of a
multilevel converter to achieve higher power is to use a series of power semiconductor switches

with several lower voltage dc sources to perform the power conversion by synthesizing a

staircase voltage waveform. Capacitors, batteries, and renewable energy voltage sources can be
used as the multiple dc voltage sources. The commutation of the power switches aggregate these
multiple dc sources in order to achieve high voltage at the output; however, the rated voltage of
the power semiconductor switches depends only upon the rating of the dc voltage sources to
which they arg connected.

2.1.2 FEATURES OF MULTILEVEL INVERTERS:

Multidlevel inverters have been attracting increasing interest recently, particularly
because of tlileir increased power rating, improved harmonic performance and reduced EMI
emission. A rhultilevel converter has several advantages over a conventional two-level converter
that uses hig}l switching frequency pulse width modulation (PWM).

The attractive features of a muitilevel converter can be briefly summarized as follows.



e Staircase waveform quality: Multilevel converters not only can generate the output
voltages with very low distortion, but also can reduce the dv/dt stresses; therefore Electro
Magneitic Compatibility (EMC) problems can be reduced.

] Con]'lmon-Mode (CM) voltage: Multilevel converters produce smaller CM voliage;
therefq:re, the stress in the bearings of a motor connected to a multilevel motor drive can
be reduced. Furthermore, using advanced modulation strategies eliminate CM voltage.

® Inpuik current: Multilevel converters can draw input current with low distortion.

e Switching frequency: Multilevel converters can operate at both fundamental switching
frequehcy and high switching frequency PWM. It should be noted that lower switching

frequency usually means lower switching loss and higher efficiency.

Compared to conventional two level inverters, multilevel inverters have advantages of:

* | Improved output voltage waveform,
e | Reduced output voltage harmonic contents under the same switching frequency
byintroducing several voltage levels at output,
. Réduced voltage stress on the switching semiconductors,
¢ | Decreased Electromagnetic Interference (EMT) problems.
2.2 TYPES OF MULTILEVEL INVERTERS:

| The multilevel inverters can be classified into three types:
|

A) Diode-clamped multilevel inverters
B) Flying-capacitors multilevel inverters
C) Cascaded multilevel inverter.

Amorlg these inverter topologies, the flying capacitor inverter is difficult to realize
because each| capacitor must be charged with different voltages as the voltage level increases.

Moreover, the diode-clamped inverter is difficult to expand to multilevel because of the natural

problem of tl}e dc link voltage unbalancing, the increase in the number of clamping diodes, and
the difﬁcultﬂ of the disposition between the dc link capacitors and the devices as the voltage
increases. Though the cascaded inverter has the disadvantage of needing separate dc sources, the

modularized [circuit layout and package are possible, and the problem of the dc link voltage
: 4



unbalancing is| not occurred. Therefore it is easily expanded to multilevel. Because of these the
cascaded inveriter bridge has been widely applied to such areas as HVDC, SVC, stabilizers, and

high-power motor drives.
2.3 CONVENiTlONAL CASCADED MULTILEVEL INVERTER

To synthesi;ie a multilevel waveform, the ac output of each of the different level H-bridge cells
is connected ih series. The synthesized voltage waveform is, therefore, the sum of the inverter
|

outputs. The n.umber of output phase voltage levels in a cascaded inverter is defined by
M=2s+1

Where's’ is th‘e number of dc sources. Separate DC source (SDCS) is connected to a single-phase

full-bridge, orf H-bridge, inverter.

H%}s« e-—nc’z,ssz

- H%}k
H%} e 2
; . 045} - B

- S0 "—“;125310

2
=

Fig.2.! Conventional Cascaded Seven Level Inverter
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The basic seven-level cascaded-cell inverter is shown in Fig.2.1.This circuit features three

conventional ﬂhll-bridges serially connected together with their power rails connected to separate

isolated dc voltage supplies. Each full-bridge inverter cell can apply three voltage levels to the

load terminals.i. Complementary pairs of switches are turned in each H Bridge in order to avoid

shoot-through

icondition. By opening and closing of the first bridge appropriately the output

voltage Vi c&im be made equal to -V, 0, or +V while the output voltage of the second bridge

Vi can be lede equal to =V, 0 or + V; and that for the third bridge Vy;, the output voltage

can be made

equal to —V;, 0 or + Vi Therefore the output voltage of the converter is a

combination of V|, V5 and V3 that has seven possible values 0, + Vi, (+ V+V3), (V;+V3+Vy,), -

Vi, (-Vi-V2), %-V 1-V2-V3).

The voltage level of the inverter can be increased in multiples of two by adding

additional bridge inverter cells to each phase limb. The cascaded inverter uses the least number

of power components, but requires separate isolated power sources for each inverter cell. This

would normally entail using a large isolation transformer. However, the topology does look

attractive for power conditioning applications where the separate dc supplies can be self-powered

in the converter.

2.3.1 ADVA

NTAGES OF CONVENTIONAL CASCADED INVERTER

o It requires reduced no. of switches for same level output voltages

e It reduc

¢ The out

o5 dv/dt stresses on power switching devices resuiting in low audio and RF noise.

but voltage is compatible with the load. Hence output transformer is not needed.

o The power circuit is designed to have modular structure.

» During

maint

faulty conditions, the faulty H-Bridge unit can be bypassed and taken out for

enance and the inverter can still be used with reduced power rating.

.# Regqiures least number of components among all multilevél inverters to achieve the same

numbk:

» Soft sw

er of voltage levels.

itching can be used in this structure to avoid bulky resistor-capacitor snubbers
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CHAPTER 3

CONVENTIONAL MODULATION STRATEGIES FOR MULTILEVEL
INVERTER

3.1 INTROD‘;JCTION TO MODULATION STRATEGIES:

Severaﬂ modulation techniques have been proposed for cascaded multilevel inverters. A
high number bf power electronic devices and switching redundancies bring a higher level of
complexity coimpared with a two-level inverter counterpart. However, this complexity could be
used to add ad:iditional capabilities to the modulation technique, namely, reducing the switching

frequency, milhimizing the common-mode voltage, or balancing the dc voltages.

Modulation t#:chniques for cascaded multilevel inverters are usually an extension of the two-

level modulatjons. According to their switching frequency, they can be classified as follows:

. Multi&tep, staircase or fundamental frequency switching strategies.
. SpaceiVector Control strategy.
|

. Carrier based PWM strategies.
3.2 FUNDAD"[ENTAL SWITCHING FREQUNENCY:

Funda‘mental frequency switching techniques can be applied to cascaded multilevel
inverters usinig two approaches. The first one is to consider one commutation angle per inverter,
thus, the nurlnber of harmonics that can be eliminated is Ny — 1. [n multistep, staircase or
fundamental {frequency switching strategies, which synthesise the AC voltage by adding
rectangular \’Javeforms by means of the multilevel concept, uses pre-calculated switching angles.
In the fundamental switching scheme, the switching angles are calculated and later they are

transferred to a digital system. This technique eliminates low order harmonics in order to reduce

the distortion!in the output voltage.

The Eswitching pattern of fundamental switching frequency (multilevel Selective

Ha_rmonic Elimination (SHE)) can be obtained by solving a set of equations, based on the
number of leivels. Numeric mathematical methods such as Newton, resultant theory and genetic

algorithms are used for solving the obtained equations.
7



The typical waveform obtained by this technique is shown in Fig. 3.1
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| Fig 3.1 One angle per voltage level in Multilevel SHE technique
i
In these waveforms, it is possible to note that there exists a high difference among the
conducting times, which produces an unbalanced power distribution. If a multi-pulse transformer
is used, this|power unbalance can lead to a distorted input current. Hence this modulation
technique can be applied to symmetrical inverters when the number of output voltage levels is

high or when|the inverter has non-equal dc links.

The second approach is to combine the original SHE with the multilevel version as it can be seen
on the waveform of Fig.3.2, where there are several switching angles per voltage level. In this

case, the number of harmonics eliminated is independent from the number of output voltage

levels, and the switching frequency is higher than the fundamental. It is possible to note that

8



there are several different possibilities to synthesize the output voltage, allowing a further

optimization in terms of switching frequency.
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| Fig 3.2 Multiple angles per voltage level in Multilevel SHE technique

In Figl 3.2, the seq. I produces a high switching frequency in cell 2 but a fundamental

switching frequency in cell 1. Alternatively, seq. 2 produces the same output voltage, but each

cell has the same switching frequency.

Advantages

e Elimi

!
bf Fundamental Switching Frequency:

hates low order harmonics in order to reduce the distortion in the output voltage.

Disadvantag\es of Fundamental Switching Frequency:

e It has:, no significant effect on higher order harmonics.

| ) . . . I
Complex calculations are involved in calculating the switching angles.
Results in unbalanced power distribution.

Switcihing losses are high.



3.3 SPACE VECTOR CONTROL STRATEGY

In order to overcome the disadvantages of fundamental switching frequency, space vector
PWM strategiés are employed for inverters. Multilevel converters have a large number of vector
states which can be used to modulate the reference. Moreover, each state vector has a number of
redundancies, hs shown in Fig.5 Multilevel SVM must take care of this behaviour to optimize the
search of the nilodulating vectors and to apply an appropriate switching sequence . However, the
same propertié:s of state and switching redundancy allow the improvement of the modulation
technique to !fulﬁl additional objectives like reducing the common-mode output voltage ,

reducing the elkfect of over-modulation on the output currents , improving the voltage spectrum .

; 2 1 0
: T T Vi {1 0 -1
Sector] 0 -1 -2
! 21 -1
o y Y21 0 -2
" e 2 0 -l
i 2 AT NS s, )
|
£/ ve 2 0O -2
! &b ‘
-\ L L1o
! . S 0 0 -2
| -1 22
!
i
|

| ot S
; | Real axis

Fig 3.3 Multilevel Space Vector Control Strategy

The si)ace vector control technique can be used to obtain the optimal commutation state
for the switcihes and due to their complexity it is implemented in a Digital Signal Processor
(DSP). The i{nplementation of this technique becomes more complex when the number of levels
in the invertqlr is increased. This technique is obtained mainly to the diode clamped topology to
solve the proi)]ems of unbalanced voltages in the dc bus.

10



Advantages of Space Vector PWM Strategies:

Disadvantagés of Space Vector PWM Strategies:

s High
3.4 CARRIE

Pulse

and motion ¢

Enhanced output voltage.
Reduction of harmonics.

Considerable reduction in Total Harmonic Distortion(THD)

Implementation of space vectors requires Digital Signal Processor (DSP)

;Cost and Complexity involved in implementation,
*2 BASED PWM CONTROL STRATEGIES:

Width Modulation (PWM) is normally used as a controller in power conversion

{bntrol. 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

Microcontroll

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

Pulse Width ]l,V[odulation (SPWM) is a well known wave shaping technique, For realization, a

high frequeng

signal, ‘Vr, a
instants.
High

can be easily

y triangle carrier signal (W shape), Ve, is compared with a sinusoidal reference

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

switching frequency PWM strategies are the most popular methods because they

implemented. Three major carrier-based techniques used in a conventional inverter

that can be applied in a multilevel inverter: sinusoidal PWM (SPWM), third harmonic injection

PWM (THPVW

- applications.

/M), and space vector PWM (SVM), SPWM is a very popular method in industrial

It uses several triangle carrier signals, one carrier for each level and one reference,

or modulatiot

h, signal per phase. With the cascaded H-bridge multilevel inverter, the maximum

madulation ifdex for linear operation can be as high as 2.42 under fundamental frequency mode.

This means i!t can output a boosted AC voltage to increase the output power, and the output

voltage deperi}ds on the displacement power factor of the load. The highest voltage is determined

when the loat!h is determined. This feature makes the inverter suitable for EV/HEV applications.

Moreover, lII'l consideration of the implementation of modulation control methods, the

11



fundamental fiequency and PWM methods can be chosen for high power and low power stage in

practical application.

PWM TECHNIQUES
The commonly used PWM control techniques are
1. Single pulse width modulation
2. Multiple pulse width modulation
3. Sinusoidal pulse width modulation

3.4.1 SINGLE PULSE WIDTH MODULATION

AL
Carrier signal -
Ack------ — Ve >
A \ A, / Reference -
_ i :\L A, ; signal e
i | {
| 0 ' ‘ l T - wl
! & @y ! i
E | 1 l !
i ; | |
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: Gate signal for Q, | _|
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. . JUS—
0 ’ a i e 0
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Figure 3.4 Single Pulse Width Modulation

In sinigle pulse width modulation control, there is only one pulse per half cycle and width
of the pulse 1|s varied to control the inverter output voltage. The gating signals are generated by
comparing tl+e rectangular reference signal of amplitude A, with the triangular carrier wave of
amplitude Aq:. The fundamental frequency of the output voltage is determined. By the frequency

of the refererice signal. Pulse width can be varied from 0 to 180 by varying A, from 0 to A.. The
12



ratio of the amplitude of the reference signal to the amplitude of the carrier signal is called
amplitude modulation index. In this type of voltage control scheme as great deal of harmonic

content is intraduced in the output voltage, particularly at low output voltage levels.

3.4.2 MULTIPLE PULSE WIDTH MODULATION

Carrier signal

ke
\ /\ /\ /\ /< A/Re[erence signai
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=
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Figure 3.5 Multiple Pulse Width Modulation
|
In thi& method of pulse width modulation, the harmonic content can be reduced using

several pulse;E in each half cycle of the output voltage. By comparing the reference signal with a
i

triangular ca’rrier wave, the gating signals are generated for turning on and turning off of a

thyristor. The frequency of the reference signal sets the output Frequency f, and the carrier

frequency f; idetermines the number of pulses per half cycle. The modulation index controls the
13



output voltage: This type of modulation is known is known as uniform pulse width modulation.
The number of pulses per half cycle is found from the expression N, = my/ 2 Where my= ./ f,
is the frequenc;y modulation ratio. The variation of modulation index from 0 to | varies the pulse
width from O qu 1/ N, and the output voltage from 0 to Eg.. With this method, since the voltage
control is achi:eved with a simultaneous reduction of lower order harmonics when compared to
single pulse v»iridth modulation. However due to large number of pulses per half cycle, frequent

turning on and turning off of thyristors is required which increases the switching losses.
343 SINUSd’IDAL PULSE WIDTH MODULATION

Instead ibf maintaining the width of all pulses the same as in the case of multiple pulse

width modulapon, the width of each pulse is varied in proportion to the amplitude of the sine

Triangular
cartier signal

Smusoidal =]
teference signal

SPWM

SPWM for
positive cycle

SPWM fot

negative cycle

Figure 3.6 Sinusoidal Pulse Width Modulation

wave evaluaqied at the centre of the same pulse. The gating signals are generated by comparing

the sinusoiddl reference signal with the triangular carrier wave of frequency f; .This sinusoidal

14



pulse width miodulation is commonly used in industrial applications. The frequency of the
reference signal determiners the inverter output frequency and its peak amplitude controls the
modulation index M.Comparing the bidirectional carrier signal with two sinusoidal reference
signals Vy, and -V, as shown in the fig. and produces the gating signals as shown. The number
of pulses per half cycle depends on the carrier frequency.

Advantages

The main advdntages are

1) Low harmo%pics can be eliminated or minimized.

2) Higher orde:{r harmonics can be filtered. Easily the filtering requirements are minimized.

3) The output ivoltage can be controlled internally without external components.

Thus tlhe harmonics in the output voltage of power electronic converters can be reduced
using Pulse-Width Modulation (PWM) switching techniques.PWM methods mentioned above
reduce the halhnonics by shifting frequency spectrum to the vicinity of high frequency band of
carrier signal.|In the case of sinusoidal PWM (SPWM) scheme, the control signal is generated by
comparing a sinusoidal reference signal and a triangular carrier. The SPWM technique, however,
inhibits poor performance with regard to maximum attainable voltage and power. A novel PWM
technique, called Inverted-Sine PWM (ISPWM), for harmonic reduction in the output voltage of
ac-dc converfers is proposed in this research work. In addition, the control scheme based on
ISPWM can maximize the output voltage for each modulation index. Thus the proposed ISPWM
switching technique can be employed for controlling VSC based inverters has it povides lower

Total Harmdnic Distortion (THD) and higher fundamental voltage when compared to

Conventional PWM techniques.
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CHAPTER- 4

INVERTED- SINE PULSE WIDTH MODULATION TECHNIQUE

Multi-level inverters have become an effective and practical solution for increasing
power and red:ucing harmonics of AC waveforms. By synthesizing the AC output voltage from
several levels iof DC voltages, staircase output waveform can be produced. The modulation
- strategy empldyed in this research work is phase disposition (PD} based unipolar inverted sine
PWM (ISPW1\1!’[) technique.

4.1 Multicarriier_ PWM Technique

The mJ;.Ilticarrier PWM method uses several triangular carrier signals, keeping only one
modulating sirllusoidal signal. If an ‘n’ level inverter is employed, ‘n-1" carriers will be needed.
The carriers will have the same frequency and the same peak to peak amplitude and are disposed
so that the bands they occupy are contiguous. The zero reference is placed in the middle of the
carrier set. The modulating signal is a sinusoid of frequency 50 Hz. At every instant each carrier
is compared with the modulating signal. Each comparison gives one if the modulating signal is
greater than the triangular carrier, zero otherwise. The results are added to give the voltage level,

which is required at the output terminal of the inverter. Multicarrier PWM method can be

categorized info 2 groups.
1) Cafrier disposition methods (CD) - where the reference waveform is sampled
through a number of carrier waveforms displaced by contiguous increments of the
refereﬁince waveform amplitude,
2) Pt{ase‘ shifted PWM method- where the multiple cartiers are phase shifted
accordingly. Among these classifications, the phase disposition method is more is
employed in this simulation as it gives least total harmonic distortion.

In the conventional PD-PWM method, triangular wave is used as carrier wherein they are

replaced by inverted sine carrier waves in this proposed strategy. In order to produce a m-level

output, generally (m-1) carriers are needed. But this paper employs a PWM technique which uses

only three inwlerted sine wave carriers for producing a seven-level output. The [SPWM technique
1

has a better spectral quality and a higher fundamental component compared to the conventional

sinusoidal PW without any pulse dropping. Also, there is a reduction in the total harmonic

16



distortion (THD) and switching losses. An inverted sine wave of high switching frequency is
taken as a c@nier wave and is compared with that of the reference sine wave. The pulses are
generated whenever the amplitude of the reference sine wave is greater than that of the inverted
sine carrier wave.PIC microcontroller is used to obtain the gating pattern for the individual
IGBTS. Theé total harmonic distortion for the different values of switching frequencies is
obtained andlis found to be lesser than the conventional method. The output voltage waveform
which comptises of seven levels is obtained by modulating the inverted sine carriers with
optimum frecﬁuency. By employing the proposed modulation technique it has been proved that
the fundame."ltal voltage is improved throughout the working range and is greater than the
voltage obtained using conventional method which employs triangular carriers for modulation.
4.2 Unipolar Inverted Sine Carrier PWM Strategy (UISCPWM):
ISCPWM technique is classified into two types based upon the frequency of carrier waves

¢ Unipolar ISCPWM - employed carriers are of same frequency

» VFISCPWM - employed carriers are of variable in frequency

Unipolar| Inverted Sine PWM control strategy uses the same reference (synchronized

sinusoidal signal) as the conventional PWM.
|
|

: +

04 i

Ipn

! Mapa 4

1 T m "G W T L
Fig .4.1 Generation of pulse using ISPWM
The con‘&rol scheme uses an inverted (high frequency) sine carrier that helps to maximize the

output voltage or a given modulation index. Enhanced fundamental component demands greater

17



The control scheme uses an inverted (high frequency) sine carrier that helps to maximize the
output voltage for a given modulation index. Enhanced fundamental component demands greater
pulse area. The !difference in pulse widths (hence area) resulting from triangle wave and inverted
sine wave with the low (output) frequency reference sine wave in different sections can be easily
understood. In the gating pulse generation of the proposed ISCPWM scheme shown in Fig. 4.1,
the triangular ca;n'rier waveform of PWM is replaced by an inverter sine waveform.

For the ISQPWM pulse pattern, the switching angles may be computed as the same way as

PWM scheme. 'iI‘he equations of inverted sine wave are given by (1) and (2) for its odd and even

cycles respectively.
 y=1-sin {Mx -7/ 2 (1)} 1)
y=1-sin {Msx -1/ 2 (i-2)} 2)
The switching z{ngles for ISCPWM scheme can be obtained from (3) and (4)
M, sing;t sin{ Mfqi-n/2 (i-1)=1,i=1,3,5... 3)
M, singit+ sin{ Mgqi-n/2 (i-2)=1,1=2,4,6... 4)

Unipolar Inver’:ted Sine Carrier Pulse Width modulation (UISCPWM) technique is implemented
for single and three phase Conventional Cascaded Seven Level Inverter using MATLAB. The
performance parameters considered for comparing the proposed PWM with the conventional
method are output voltage quality, Total Harmonic Distortion (THD) and Fundamental Output
Voltage. !
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CHAPTER-5

SIMULATION OF CONVENTIONAL CASCADED SEVEN LEVEL
INVERTER

5.1 Simulation of Conventional Cascaded Inverter employing Conventional PWM:
In conven:tional PWM technique, triangular carrier waves are modulated with reference sine

wave for pulg:.e generation. The pulses are generated whenever the amplitude of the reference

sine wave is greater than that of the triangular carrier wave.

'—’+
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X —p{ +
Repeating 1 i
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! 50 o+
| . @) —
: +
i - (&)
+
| 3 e®
|

Fig 5.1 Simulation circuit for the generation of triangular wave

The carrier waveforms employed for conventional PWM technique are shown in the Fig.5.2

Fig.5.2 Triangular carrier waves
19



The generated carrier waves of frequency 3950Hz are then modulated with reference sine wave
of frequency 50Hz for pulse generation. The obtained pulses are then applied to Conventional

Cascaded Seven Level Inverter and the obtained output voltage waveform is shown in fig 5.3

Wokagev)
o

Fik 5.3 Output volta ge of Conventional Cascaded Inverter (Conventional PWM)
5.2 Simulati+n of Conventional Cascaded Inveter employing Unipolar ISCPWM:
When Unipolar ISCPWM technique is employed for conventional cascaded multilevel inverter,
there exists n:junsiderable reduction in THD and improvement in fundamental voltage component

throughout the working range.
|

i ;

YYYYYYYYY

Geonal

Soooel

==
L L e

I
Fig.5.4 Simulation circuit for the generation of unipolar inverted sine carrier waves
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The generated carrier waves of frequency 3950Hz are then modulated with reference sine wave

of frequency S0Hz for pulse generation.

Fig.5.5 Carrier and Inverted Sine Waveforms for Unipolar ISCPWM Technique

The obtained jpulses are applied to the conventional cascaded multilevel inverter.
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Fig.5.6 Simulation circuit of conventional Cascaded MLI
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Output voltage waveform of Conventional Cascaded Seven Level Inverter employing unipolar

ISPWM technique is shown in Fig.5.7

¥ yiatgeni |

FiE.5.7 Output voltage of Conventional Cascaded Seven Level Inverter employing

i Unipolar ISCPWM
With the o;rimum frequency of 3950Hz, in Conventional PWM method the obtained

fundamental component and THD values are 265.6V and 30.99% respectively.
| r-FFT s :
o
Fyndamentat {50z} = 265.5 . THD= 30.99%
i ! uf T Y T T T T T ]
| :
I L
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&
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L
o
\
|

Harmoric order

Fig 5.8 FFT Window for output voltage (Conventional PWM)

With the proposed Unipolar ISCPWM technique, the obtained fundamental component and THD

values are 27:8.9\/ and 21.82% respectively.
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-~ FFT analysis

Fundamental {50H) = 2709 . THO= 1160%
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Fig.5.9 FFT Window for output voltage (ISPWM)

53 Compari%on of Unipolar ISPWM with Conventional PWM technique for conventional

- Cascaded MLI:

Taqle 5.1Comparison Unipolar ISCPWM with Conventional PWM
! PWM Technique THD (%) Fundarmental output
i | voltage(V)
| Conventional PWM 30,97 266.6
|
" Unipolar ISCPWM 21.82 278.9

Inferences made from above waveforms on implementing Unipolar ISPWM technique for

Conventional|Cascaded MLI are;

» It has a Better spectral quality and a higher fundamental component compared to the

conventional PWM

* The UnipolfTr ISCPWM strategy enhances the fundamental output voltage and reduces THD.

» Harmonics of carrier frequencies or its multiples are not produced.

On implementing Unipolar ISPWM technique for conventional Cascaded MLI, THD is reduced
co’ﬁsiderab]yly a factor of around 9%. Hence Unipeolar ISCPWM technique is extended for the

proposed Asymmetric Cascaded MLI, in order to overcome the disadvantages of Conventional
|

Cascaded Muiltilevel Inverter.
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CHAPTER-6
ASYMMETRIC CASACADED MULTILEVEL INVERTER

6.1 lntroducti\:nn:

Traditignally, each phase of a cascaded multilevel inverter requires ‘n' dc sources for
2n+1 levels. F*or many applications, it is difficult to use separate dc sources and too many dc
sources will re?guire many long cables and could lead to voltage imbalance among the dc sources.
To reduce the lnumber of dc sources required for the cascaded H- bridge multilevel inverter, an
asymmetric to)po]ogy is proposed as shown in Fig.6.1.This provides the capability to produce

higher voltagds at higher speeds with low switching frequency. The advantages of asymmetric

topology are: :

» Reduced nurélber of dc sources

» Low output .witching frequency

* Low SWitChj‘lg losses

* High converi;ion efficiency

» Flexibility to enhance

» Reduction iff complexity and cost

6.2 Asymmetric Cascaded Seven Level Inverter

The seven - level cascaded multilevel inverter consists of two H-Bridges.

81 o-I 82 o—l .
&
e ¢ o Vel

; - 1A

Vi 34

Fig.6.1 Asymmetric Cascaded Seven Level Inverter
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The first H-Bridge H1 consists of a separate DC source Vdc, whereas the second H-Bridge H2
consists of a dc source Vde/2. Let the output of H-Bridge-1 be denoted as v1 (t) and the output of
H-Bridge-2 bei denoted as v2 (t). Hence the total output voltage is given by v(t)=v1(t)+v2(t).By
alternately opéning and closing the switches $1,84 and S2,83 of H-Bridge-1 appropriately,
output of Hl v] () can be made equal to +Vdc, 0 or -Vdc. Similarly the output voltage of H-
Bridge-2 v2(t)ican be made equal to —Vdc/2, 0 or +Vdc/2 by opening and closing the switches of
H2.Hence v(t)itakes values -3/2Vdc, -Vdec, -1/2Vdc, 0, +1/2Vdc, +Vdc, +3/2Vde.
SWITC{l-lING SEQUENCE FOR ASYMMETRIC CASCADED SEVEN LEVEL

INVERTER
POSITIVE }_II.ALF CYCLE;
SWITCH IN iCONDUCTION REVERSE DIODE IN CONDUCTION
iSl,S4,88 s7
iS4,SS,SS s3
!s1,s4,ss,ss —
és4,ss,ss $3
I31,s4,ss S7
NEGATIVE HALF CYCLE:
' SWITCH IN CONDUCTION REVERSE DIODE IN CONDUCTION
|sz,ss,s:r , s8
i S3, 6, S7 s4
i
Esz,ss,se,57 —
' $3,86,87 S4

| §2,83,87 S8
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CHAPTER-7
SIMULATION OF ASYMMETRIC CASCADED SEVEN LEVEL

INVERTER
7.1 Asymmetﬂ_ic Cascaded Inverter employing Unipolar ISCPWM:

PWM signa:F for the asymmetric cascaded multilevel inverter is generated by comparing
inverted sine tarrier wave of high switching frequency (3950Hz) with that of reference sine

wave.To prodiuce a seven-level output, Unipolar ISCPWM strategy uses six carriers. The

simulation cirq‘uit for pulse generation is shown in the Fig.7.1

?ﬂ '“E*‘l E tH ol
(‘_‘—_———:Fﬂ_ﬁq o | L= - o
— ) i =

| — R @

i

!

Fig.7.1 Simulation circuit for pulse generation
The generated pulses are then applied to asymmetric cascaded MLI. Output voltage waveform of
single phase asymmetric cascaded seven level inverter employing Unipolar ISCPWM technique

is shown in Fig.7.2

Fig.7.2 Outpiut Voltage Waveform of single phase Asymmetric Cascaded Seven Level Inverter.
| 26



The proposed PWM strategy is also extended for three phase asymmetric cascaded MLI by
introducing a phase displacement of 120 degrees between each phase. The simulation circuit for

three phase asﬂflnmetric cascaded MLI is shown in Fig 7.3
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| Fig.7.3 Simulation circuit for three phase asymmetric cascaded MLI

Fig.7.4 Output Voltage Waveform of three phase Asymmetric Cascaded Seven Level Inverter.
: (Unipolar ISCPWM)
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7.2 Asymmetriic Cascaded Inverter employing Variable frequency ISCPWM:

The proposed control strategy replaces the conventional fixed frequency carrier waveform by
variable frequ%cncy inverted sine wave. The variable frequency inverted sine PWM has a better
spectral qualitiy and a higher fundamental voltage compared to the Unipolar ISCPWM strategy.
Also in order fo balance the number of active switching among the levels the carrier frequencies
are chosen basJ;ed on the slope of the modulating wave in each band. The frequency ratio for each
band should l:iae set properly for balancing the switching action for all levels. The reference
carrier frequeﬂ:cy was chosen as 3950Hz. With the carrier reference frequency of 3950Hz applied

to the band-1, Ithe new frequencies for bands 2 and 3 are assigned proportional to their respective

slopes.
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i / BADD i

i B e / s \
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: “E A axn I \‘\ i
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! Angle- 8 (Degreas)

Fig.7.5 Reference modulating wave — Three bands for different carrier frequency

In Fig.7.5 the/modulating wave is defined as, V (t) = Sin § (1)
The calculation of the slope values for the three bands is shown below:
8,.= Sin '0 = 0 radians (2)
8, = Sin “'(1/ 3) = 0.339 radians 3)
8, = Sin "(2/ ?) = 0.728 radians @)
Bs=Sin "' (1)] = 1.5707 radians (5)
Slope C;: Slope Cy: Slope C; = 1: 0.8716: 0.4040 (6)
Frequency Cq': FrequencyCy: FrequencyC3
3950 b 3443 11596

28



Simulation ciréuit for variable frequency inverted sine carrier waves is shown in Fig 7.6. Pulses

for the asymmfptric cascaded MLI are generated by modulating carrier waves with reference sine

wave of frequancy SOHz.

- Fig.7.7 Carrier and Inverted Sine Waveforms for VFISCPWM Technique
29



The obtained pulses from VFISPWM strategy are then applied to the asymmetric cascaded MLI.
Output voltage waveform of cascaded seven level inverter employing VFISCPWM technique is

shown in Fig 7.8

Fig 7.8 Output voltage waveform of single phase asymmetric cascaded MLI employing
VFISCPWM

The proposed [PWM strategy is also extended for three phase asymmetric cascaded MLI by

introducing a phase displacement of 120 degrees between each phase.

Fig.7.9 Outémt Voltage Waveform of three phase Asymmetric Cascaded Seven Level Inverter.
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On implementjing VFISPWM technique for asymmetric cascaded MLI, THD is reduced by a
factor of aroudd 2% when compared to Unipolar ISCPWM strategy. The VFISPWM provides an
enhanced fundiamental voltage, lower total harmonic distortion (THD) and minimizes the switch
utilization amq;mg the various leveis in inverters, In this method the control signals have been
generated by cjomparing sinusoidal reference signal with a high frequency inverted sine carrier.
The carrier frelquencies are so sclected that the number of switching in each band are equal. The
proposed modjilation technique for the proposed inverter topology maximizes the output voltage

and gives a low THD of 5.80%. The FFT window for the ouput voltage waveform of asymmetric

cascaded MLI|employing Unipolar ISCPWM is shown in Fig 7.10

-FFT analysis

Fundarnental (S0Hz) = 1448, THD=7.01%
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Fig 7.10 FFT Window for output voltage (Unipolar ISPWM)
The FFT wir#dow for the ouput voltage waveform of asymmetric cascaded MLI employing

VFISPWM is|shown in Fig.7.11
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Fig 7.11 FET Window for output voltage (VFISPWM)
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7.3 Comparisén of VFISCPWM with Unipolar ISCPWM technique:
Table 7.1Comparison of VFISCPWM with Unipolar [ISCPWM

PWM Technique THD (%)
Unipolar ISCPWM 7.01
Variable Frequency ISCPWM 5.80

Some inferencks made from above waveforms are:

. V.FIStPWM technique provides better spectral quality and reduced THD when
compa+ed to Unipolar ISCPWM technique.

. Harm!onics of carrier frequencies and its multiples are not produced in ISCPWM along

with rn‘inimum utilization of switches.
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CHAPTER 8
HARDWARE IMPLEMENTATION

8.1 BLOCK DIAGRAM OF CASCADED MULTILEVEL INVERTER

HEBRIDGE
INVERTER

D ealls

LOAD

DC SUPPLY

MOSFET DRIVERS
L
PIC1BFT7

i
|
|
|
! Figure 8.1 Block diagram of cascaded multilevel inverter
|

8.2 MOSFET IRFZ44.

8.2.1 CHARJACTERISTICS OF MOSFET:
The practical mosfet has the following switching and conduction

Characteristi¢s:

1. Limited ppwer handling capabilities, that is, limited conduction current when the switch is in

the on-state a[nd limited blocking voltage when the switch is in the Off-state.

|
2. Limited 'Fwitching speed caused by the finite turn-on and turn-off times. This limits the
maximum opierating frequency of the device.
: |
3. Finite onlstate and off-state resistances, that is, forward voltage drop exists when in the on-

state, and rev‘erse current flow (leakage) exists when in the off state.
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4 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).

8.2.2 MOSFET ADVANTAGES:

MOSFETs proVide much better system reliability.

8.3

Driver q?:ircuitry is simple and cheaper.
MOSFETs fast switching speeds, permit much higher switching frequencies and there by

the efficiency are increased.

MOSF
MOSFJET'S leakage current is low.

Overlotd and peak current handling capacity is high.

Ts have better temperature stability.

Drain-dource conduction threshold voltage is absent which eliminates electrical noise.

MOSFETs are able to operate in hazardous radiation environments

I
MOSFKET DRIVER IR2110:
|

8.3.1 DESCRIPTION

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
immure CMOS technologies enable ruggedized monelithic 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-

condugtion. 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 or 600 volts. It can be used

for voltage protection, shut down protection and stable operation. the pin diagram is

shown in figure 8.3
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8.3.2 FEATU
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Figure 8.2 Circuit diagram of a seven level inverter
RES

channel designed for bootstrap operation fully operational to +500V or +600V
to negative transient voltage dV/dt immune

ve supply range from 10 to 20V

bltage lockout for both channels

ic compatible Separate logic supply range from 3.3V to 20V Logic and power

grounq +5V offset

« CMOS $chmitt-triggered inputs with pull-down

|
* Cycle byicycle edge-triggered shutdown logic
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» Matched/propagation delay for both channels

+ Qutputs m phase with inputs

[&] Ho 7]
(3] voo ve [ 6]
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[13] vss COM [ 2]
(04 ~ 0 7]

Figure 8.3 Pin diagram of IR2110
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Figure 8.4 Driver circuit of IR2110
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84 POWERSUPPLY:

TRANSFORMER || RECTIFIER | | FILTER | | ICREGULATOR | LOAD

8.4.1 RECTIiiTIER BLOCK

The re
from 220V tq

uncontrolled ¢

ctifier block contains a step down transformer, which step downs the input voltage
12V. In addition, the step downed voltage is rectified to DC. This is done by
ingle phase diode rectifier. The output of this block is 12V DC. The schematic of

rectifier is shaqwn in the fig.8.5.

-1 Gt 80 5
mNW . D D S Ty —

230V AC

8.4.2 UNIPO

The s

TRl
0
1”; LD7 | e TM ‘]’am " MTOM
__L_| (B-12%) 300mA Is |4 e _ _ _
s

oo |, o L2 ]

Fig 8.5 Schematic of rectifier
LAR ISPWM PULSE GENERATION

ine wave oscillator is used to generate inverted sine wave of certain carrier

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

given in APP

ENDIX |

|

|

| SINWAVE 2
| OSCILLATOR

LINE FREQUENCY

Fig 8.6 Schematic of PWM Generation
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8.4.3 MICROCONTROLLER FOR ASYMMETRIC CASCADED MLI

The gaite 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 stelp down rectifier unit is made for the controller The details about PIC16F877A is
given in APPll;NDIX II. This controller is isolated from ‘the main circuits by means of opto-

coupler. The sq:hematlc of micro controller circuit is shown in fig.8.7.
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Fig 8.7 Schematic of micro controller circuit
8.5 PIC CONTROLLER

8.5.1 CONCEPTS OF CONTROLLER;

Contrdller is a general purpose device, which integrates a number of the components of a

microprocessor system on to single chip. It has inbuilt CPU, memory and peripherals to make it
as a mini computer. A Controller combines on to the same microchip:
|
» The CPU core
> M‘%mory(both ROM and RAM)

» Some parallel digital i/o
| 38



Controllers will combine other devices such as:
» A tiimer module to allow the Controller to perform tasks for certain time periods.
¥ A séerial 1/0 port to allow data to flow between the Controlier and other devices such
as d PIC or another Controiler.

» An|ADC to allow the Controller to accept analogue input data for processing.

Controllers ar§

» Sm.aller in size

» Consumes less power

» Inexpensive

Micro Controller is a standalone unit, which can perform functions on its own without
any requ.irement for additional hardware like I/O ports and external memory.

The heart of the Controller is the CPU core. In the past, this has traditionally been based
on a 8-bit microprocessor unit. For example Motorola uses a basic 6800 Mmicroprocessor core in
their 6805/6808 Controller devices.

In the fecent years, Controllers have been developed around specifically designed CPU
cores, for example the microchip PIC range of Controllers.

8.5.2 INTRODUCTION TO PIC (16F877A):

~ The Controller that has been used for this project is from PIC series. PIC Controller is the
first RISC based Controller fabricated in CMOS (complementary metal oxide semiconductor)
that uses separate bus for instruction and data allowing simultaneous access of program and data

memory.

The main advantage of CMOS and RISC combination is low power consumption resulting ina
very small chip size with a small pin count. The main advantage of CMOS is that it has

immunity to roise than other fabrication techniques.

|
Various Controllers offer different kinds of memories. EEPROM, EPROM, FLASH etc.

are some of the memories of which FLASH is the most recently developed. Technology that is

used in picl6F877 is flash technology, so that data is retained even when the power is switched

off. Easy Proéramming and Erasing are other features of PIC 16F877.
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8.5.3
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FEATURES OF PIC:

High-picrformance RISC CPU

Only 3i5 single word instructions to learn
Operatﬁng speed: DC - 20 MHz clock input

DC - 2;00 ns instruction cycle

Upto |8K x 14 words of Flash Program Memory,
Up to 3;568 x 8 bytes of Data Memory (RAM)

Up to !%56 x 8 bytes of EEPROM data memory
IntemJ!xpt capability (up to 14 internal/external)

Eight level deep hardware stack

DirectJ; indirect, and relative addressing modes

Power-on Reset (POR)

Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC Oscillator for reliable operation
"Progr:iimmable code-protection

Power saving SLEEP mode

Selectable oscillator options

In-Circuit Serial Programming (ICSP) via two pins

Only single 5V source needed for programming capability

In-Cirguit Debugging via two pins

Wide operating voltage range: 2.5V to 5.5V

- High Sink/Source Current: 25 mA

" Commercial and Industrial temperature ranges

Low-power consumption:< 2 mA typical @ 5V, 4 MHz,20mA typical @ 3V, 32 kHz

‘< ImA typical standby current

Peripheral Features:

5

»
.
>

TimerQ: 8-bit timer/counter with 8-bit prescaler
Timer|: 16-bit timer/counter with prescaler

TimeriZ: 8-bit timer/counter with 8-bit period register, prescaler and postscaler

Two Capture, Compare, PWM modules
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PWM max, Resolution is 10-bit

YV ¥ ¥ ¥V ¥V V¥

8.5.4 Pin diagkam of PIC 16F877A

Capture is 16-bit, max resolution is 12.5 ns,

Compare is 16-bit, max resolution is 200 ns,

10-bit multi-channel Analog-to-Digital converter

Synchr:onous Serial Port (SSP) with SP1. (Master Mode) and 12C. (Master/Slave)
USART/SCI with 9-bit address detection.
Paralle;l Slave Port (PSP) 8-bits wide, external RD, WR and CS controls
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Fig. 8.8 Pin diagram of PIC 16F877A
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8.6. PCB LAYOUT

8.6.1 LAYOUiT OF SINGLE BRIDGE OF CASCADED INVERTER

| 1 z
I % - 17 o at:
| = >

i N . S | S |

i ' — (= .
|

8.6.2 LAYOUT OF POWER SUPPLY

YJaNe A9

42



8.6.3 LAYOUT OF PIC BOARD

" Fig 8.9 Hardware Photograph
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8.7.1 HARDWARE OUTPUT WAVEFORMS
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Fig.8.10 Generated pulses using ISPWM technique in CRO

FALCON Tt

Fig.8.11 Cascaded 7 level inverter output waveform in CRO

44



CHAPTER 9




CHAPTER-9
CONCLUSION AND FUTURE SCOPE

9.1 CONCLUSION

. The line vq:ltage yields better spectral performance for VFISCPWM hence this technique
reduces the need for output filter. Asymmetric cascaded multilevel inverter using two unequal dc
sources for each phase requires minimum number of switching devices. An inverted sine wave
carrier frequency modulation strategy gives maximum fundamental voltage for a given THD.By

employing this new technique the fundamental voltage is improved throughout the working

range and thefeby resulting in enhanced fundamental voltage. Also the range of THD is reduced
- when comparied to conventional PWM technique. Reduction in number of DC sources and
switches redupes the complexity and cost of the circuit. By increasing the number of steps,
waveform apﬂroaches the desired sinusoidal shape accompanied with reduction in THD. Further
reduc{ion in THD can be obtained by employing PI or PID controller. The proposed inverter
topology along with proposed PWM strategy has a greater scope of application in fuel cells and
electric vehiclles.
9.2 FUTURE|SCOPE:
¢ Future|reduction can be obtained by Phase Shifted multicarrier technique.
® By in¢reasing the number of steps, waveform approaches the desired
sinusojdal shape accompanied with reduction in THD
e Further reduction in THD can be obtained by employing PI or PID
controfler.
¢ The proposed inverter topology along with proposed PWM strategy has a

greater scope of application in fuel cells and electric vehicles.
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APPENDIX 1
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LM2904,LM358/LM358A,LM258/

Description
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* Large Cratpt Yoltage Swimg: OV DC to Voo - LI DC

internal Blﬁck Diagram
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Sch | tic Diagram
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| we
O
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I
|
Gl

Abso+ute Maximum Ratings

Faramster Symbol | LNQSEANCEEA | LMISBLMISEA L2904 Ut

[Supphy Vollage L7y +Ho OF 32 TG OF 32 NG v
Diterenttl inpest Veitage WHINFF 32 32 25 v
Ingat ¥ D300 #32 U3+ D30 426 ']
Voos sﬁtf_"‘mﬁiﬁ i:m) - Corfirous Continous COnBNULE -
Operating Temperalun: Range ToPR 25 ~+85 0~ +T0 40 ~ +85 °C
Stocagk: Temperture Rangs Tare 55 ~ +150 65 ~ #1450 65 ~ 150 "G

I
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Electrical Characteristics

{ver = 5.00, Ve = GND, Ta = 25°C, uniess otherise spechicd)
| 1NOSE U358 Laz0d
”"Tm' Symbol Conalions. {2 Typ. | M | ML | Typ: | Meax_| Wi | Typ. | Max Ut
| Vou = IV o Vieo
Input DSt A5 | _
T Vo | vomm v, - teg|sa| - |29| 78| - |29 |78 | N
| Rs =02
w ho . lalml-|sl=m] -5 |=|m
m“ eiAG - - les|ime] - e 2| - | 45 |20 e
T [ (]| [l ] [
, {LWR004, Vioc=26V) 15 - -
mﬁ;_ﬁfw -|los|zo| - |oa|20| - [oe|zn| m
suppy curett | loe e o< _ _ _ _
Ree Vo= |- (05|32 - 1052 - &= 12 m&
VoG = 15V,
Lawe sgma Gy | R~ so |1al - [2s || - [25|10a] - Jvmw
%' ' Vioye; = TV 11V
i Voo | Vooeiov [R5 | - | - | ® | - | - | 2] - | - | Y
ww Vi (s |27 |m | - {278 - |2 2| - | v
i LM2E04) B 3
| Voiy | Voo =5V, R~ 1080 | - 5130 5131 - ] 2 | ey
m CMRR . olss| - |es =] - 50 g5
‘Wm? PSRR - 65 [1a0] - [es|t0| - [so|wma| - | ®
K= T 1KHZ 1D 20KFE .
ce I L | N E .
w&n ket 20 L @
GND Pl me - -l || - ||} - |4 mA
' Way-g.
Vi = . . . .
ISOURCE [ e o 15, 20 (3 . s I I 2| = P
YVoury = 2V
Vi = IV, Vi = 1V,
Output Gorrent Ve = 15V, wl|ws|-Jwlis] -{wis]-|m
; Voury = 2V
famec Wayay = OV Wy =1V .
i Ve = 15V, 12 |10l - |12 || - | - - | uA
| VOIP; = 200y
m VX DIFF - - [ Vee Voo - | - fVosg W
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Note: |
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MC78XX/LM78XX/MC78XXA
3-Terminal 1A Positive Voitage Regulator
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T T
Ahsofute Maximum Ratings
Parameter

|mvmgemvo-svn1m Vi 5 v
forvg= Vi a0 v
mma&zzﬂ; R 5 oW
Therml Feststance Jurcion-Air [TO-220) A, 55 TV
Opaqng Temperare Range Torm O~+125 ¢
WYmm Fange Teta | B5~+150 | %

EEecj!icai Characteristics (MCT805/LM7805)
(Refer 1o tost Creult [P0 < Ty = YE5°C, by » S00MA, Vi = 10V, O &M,Co-c.mﬁmmm

MC7305A. 37805
Purameter Symbol Condtisons P ] e Unit
T, =+25°C 48 | 50 | 52
Outpast Voltage Vo |[SDMA<io< 1.0A Pp < 15W | v
| Vie TV IOV 475 | 53 | 528
| , Vo =TWin a5y - | 4p | 100
Line Réguiation (Ngke1] Regine | Tymz5°C oo — ] ™
fo=SOMAISA | - % | 100
Load Reguiation [Note1 ) Regoad | Ty=+35%C [T ore ™
TS0MA, . 4 %
Quiesoent Curment Iz | Tyw+25°C - | salen | mA
lo=SmAto 104 - 1003 o5
M‘ Curen Change Mo V= 7Y [0 25V G B e
Ouipa Voltage Dttt AVOIAT | lo=SmA - | 48| - [mwrec
Output Noise Voitage V| T=10Hz 10 100KHZ, Ta=+25°C - e - Tuvve
Fapple M RR | o e oy e |n| .| ®
Dropout Vollage Vome | Io= 1A Ty ~5°C -T2 v
T T | T=1KHZ -85 - | m
Wc%t:& 18C | Vi= 35V, TA=5°C - | &® ok
PY | Ty=35%C - 22 - A

1 Lnaﬂ  ine reguiation: ane spicited o constant incton terparshae. Charges n Yy dus 1o haating wifeck: mest be balear:
separately. Pubse testing with ow outy b5 used.
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1N4001 - 1N4007

Features

* Low forwlard voltage drop.

» High surge current capability,

4

DO-41

SOLUR BAND JZHOTER CATRODE

Genera( Purpose Rectifiers (Glass Passivated)

Absolute Maximum Ratings* 1, =25°c uess otherwise noted
Symbol Parameter Vatue Units
_ 4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Verm Reak Repetitive Reverse Voltage 50 100 | 200 | 4060 | 600 | 800 | 1000 vV
[P Average Rectified Forward Current, 10
375" lead length @ T, = 75°C ’
lesm Non-repefitive Peak Forward Surge
Current 30 A
8.3 ms Single Hali-Sins-Wave
Tsag Storage Temperature Range S50 +175 o
T, Operating Junction Temperature -a5to +175 °C
*Thase ratings ane Ymiting vaiues abave which the serviceability of any sersicondictor device may be impaired.
Thermal Characteristics
Symbol Parameter Value Units
Py Power Dissipation 3.0 W
R Thermmal Resistancs, Junction to Ambient 50 “CW
Electrical Characteristics 1, -25-cunsess othenwiss noted
Symbol Parameter Device Units
4001 [ 4002 | 4003 | 4004 | 4005 [ 4006 | 4007
Ve, Forward Voltage @ TOA 11 v
[ Maximum Full Load Reverse Current. Full 30 uA
Cycle T,=75C
le Reverse Current @ rated Vg T, = 25°C 2.0 uA
. T, = 100°C =00 BA
Cr Total Capacitance 15 oF
Ve=4 0V f=1.0MHz
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APPENDIX II

ARCHITECTURE OF PIC 16F877A

Pin Conﬁgur‘ation of PIC16F877A
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TIMER 0 CONTROL REGISTER:

RAN-1 RAW-1 RN-1 RAW-1 RiW-1  RAN-1T RAW-1 RAVI

[ RBPU | INTEDG | Tocs | Tose | Psa | Psz | PS1 | PSGO

bit 7 bit

bit 7: RBPU
bit 6: INTEDG
bit 5: TOCS: "l.:'MRO Clock Source Select bit

I = Transition on TOCKI pin

0= Intiemal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit

1 = Indrement on high-to-low transition on TOCKI pin

0 = Ingrement on low-to-high transition on TOCKI pin
bit 3: PSA: Plfscaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Pr¢scaler is assigned to the Timer0Q module
bit 2-0; PS2 PS1 PSO: Prescaler Rate Select bits
TIMER 0 BLOCKS DIAGRAM:

CLKOUT {m FozcM}

E RasgsTONK]
L P )
o
WDTIM’.M !
i MUK Poa
i WO
TIMER 1 CCLNTROL REGISTERS:
i
| __uo UD RWHO RWO RWD RWO  RW.O  RWO
- [ — . [rickrsirickesofrioscen] TrevRe | rics [ TR1on
' on7 bit0

|
bit 7-6: UnimPlemented: Read as "0’
bit 5-4: TICKPSI:TICKPSO: Timer! Input Clock Prescale Select bits
1= 1!:8 Prescale value

10= 1i:4 Prescale value
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0! = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3;: TIOSCEN: Timerl Oscillator Enable Control bit
t = Osgillator is enabled
0= Osic:llator is shut off (The osciilator inverter is turned off to eliminate power drain)
b1t 2: TISYNC Timer] External Clock Input Synchronization Control bit
TMRICS =1
1= ch not synchronize external clock input
0 = Synchronize external clock input
TMRICS = 0.
This bit is ignlared. Timer! uses the internal clock when TMRICS =0,
bit I: TMRI1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)
0 = Internal clock (FOSC/4)
bit 0: TMRI1ON: Timer! On bit
1 = Enjables Timer]
0= St&)ps Timerl
TIMER 1 BLOCK DIAGRAM:

Set flag bit
! THRIIF on
i Syncheonized
; clock input
i ol
| [
i : ' Q Clock
Veremees TICKPS1.T1CKPSD

1S
TIMER 2 CdNTROL REGISTER:

. _UD  RWO RWOD RWO RW.D RW.O  RWD  RWSD
'|_—__[routpsalroutpsafroutrs:[Toutrso| MR2ON |T2cKPS 1| T2CKPSO]
ity bito
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bit 7: Unimplf:mented: Read as '0'
bit 6-3: TOUTPS3: TOUTPSO: Timer2 Qutput Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale
1111 = 1:16 Postscale
bit 2: TMR2ON: Timer2 On bit
1= TilinerZ ison
0 = Titner?2 is off
bit 1-0: T2CKPS1: T2CKPS0: Timer2 Clock Prescale Select bits

00 = Pfrescaler is |

01 = ij"escaler is 4

Ix= P’rescaler is 16
TIMER2 BLOCK DIAGRAM:
|

[
Sets flag
bit TMRZIF | Lt (1

: Reset Prescaler
i 11, 1.4, 11g[ T OB
, Postscaler ‘1,2
— |11 o 16| Eq
T2CKPST:
! 1/ 4 TILKER)
' TIOUTPS3:
T20UTPSD

CCPI1CON REGISTER/CCP2CON REGISTER:
U0 U0 RWD RWLD RWD R0 R0 RAN-D
— | = | CCPX | SCPxY | COPXM2 | COPM2 | CCPM1 | CCPuMO
b7
bit 7-6: Unimplemented: Read as '0
bit 5-4: CCPxX :CCPxY: PWM Least Significant bits

Captufe Mode: Unused

Compllare Mode: Unused
PWM }Mode: These bits are the two LSB s of the PWM duty cycle. The eight MSB s are

found in CCPRxL
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bit 3-0: CCPxM3:CCPxM0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)
0100 = Capture mode, every failing edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
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 1J:1naffected)
1011 ﬁl Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
: CCPI !resets TMRI1; CCP2 resets TMRI and starts an A/f) conversion (if A/D module is
enableb)
1ixx -—:' PWM mode
CAPTURE MlIODE OPERATION BLOCK DIAGRAM:

L ' et fz§ wit COP1IF
| — Brescamr | (PRI
| ,/ «1,.4.18
| RC2ICCP! CCPRIH | GCPRIL
. n
_{- and 1 | Capture
-} TMRIH | TMRIL
CCPICON<3D>
5
COMPARE $4ODE OPERATION BLOCK DIAGRAM:
Special Event Trigger
) Set Hag b CCP1IF
5 PIR 1<)
: ] CCPRIH|CCPRIL
P ] | kY
| e L Srouput [ co
|RCZCCP1 g | Legic T match Mparater
T rmisceas 4
. Ouput Enable  Cop$LoN<a.Ds TMRIH [ TMRIL
Mode Select
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SYNOOL | PARAMETER MAX 1, 21
W woitage % v
g’ Drain caers {00} ) A
P Totaf powes 110 W
T Junciion 17§ L
FL.N Dralrv-gource or-elate z ml
resigance V= 18V
PN
1
2
3
8o (a3
LIMITING VALUES
Urfiing vayes in acoondance with the Apsoite Mairmum Svetem JEC 13
SYMBOL | | PARAMETER CONDITIONS M. WAX. UMIT
V, Dvain-source voltage - - 55 v
Vi Drain-gate Yorage Ry~ 2 K2 . 55 W
Vi Gabe-gource - - fer) v
‘ Deain custent T ™ 25'C - 49 A
t Deain curment To w 100°C - » A
b Dxain current e  |Tw=25C - 160 A
P, Total power T =35 °C - 1o w
T T; Storage & operaing lemperare |- - 55 175 C
ESD LINMITING VALUE
SYMBOL | [PARAMETER |conormons . | max | uer
v, Blectmsalic dschange Haman body model - 2 KV
wolage, 3F prs (100 DF, 1.5 kY
THERMAL RESISTANCES
SYMBOL | | PARAMETER CONOITIONS P MAX UNIT
e Themal registance knciion - - 1.4 W
R
R TeENsECR RInesion: 1o i free 3y & - KW
, et
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MN-ch eﬁ'lamemeﬁ mode IRFZ44N
Trenchi ™ fransistor

STATIC CHARACTERISTICS

T=23C ofherase specified
SYMBOL |PARAMETER CORDITIONS M, | TYP. | MAX | UMIT
Wopywa | CRIN-6UETE DIE3licnn Vi = BV I = 0.25 ma 5 - - v
% TessC | T | - - v
Vs |G voitage Vi = Vo b= 1WA 20 b3p | &0 | W
' T=3W5C | .G - - W
T=55C | - - ] 24
L T 2o valage ran et (Vi =55V Vi, =0V, - 0gs 1 1D uh
e - - T-mec | - | - | s00]| ua
Gale sourme leakage csrent |V, =210V, V, =0V - fooa] 1 | wa
Vooou |GaE breakdown vorage |1, = 41 TA: Kbt I I Bl v,
£ souree [, =41 TN . -
Romesis Deain-eouroe on-giake 3“-1014:5-25»!‘ - 15 2 | m
resistance T, = 175'C - - 42 | m)
DYNAMIC CHARACTERISTICS
T e = T30 tme6s ORhermitse speciied
SYMBOL |PARSNETER CONDITIONS ML | TYP. | MAX. | UNIT
G Forwam! fransoonuciance V=25V =25 A B - - &
C input capaditanoe Vi 0V Vy =25V T= I NBHE - 1350 | 1300 | pF
Com Outrast capaditance - 3L | 6
[Cue Fasthals, sapaciance - #85 | e g
% Total gae charge Vi, =34V b = B A Wy = 1DV - - 52 | nC
Q, roe clarge - B - - s ] ec
Ca Gate-drain gmiler’ charge - -1l x|
L Tum-on delay tme Vo =TV L =25 A - N ES RS
A Tum-on fise tme Vg = 10V, R, =101} - - 1] T ne
= %, Tum-of delay Ims Resstive: oad -l | S|
Tum-off 1l - 0 & ns
L Irbama drain Inuciarce Measuned Rom condact sorew on - as - i
1ot o coniee of i
U IrbesTsal omin Inguctance Mcasured fom arain lesd & mn - 45 - mH
Tom 1o certre of dle
L IrtesTaal suTCe Induciance Meacired Sam sance 23d & mm - 75 - nH
rom packag: bo-source bond: pad
REVERSE DIODE LINITING VALUES AND CHARACTERISTICS
T, = 25°C ursoss olhense speciiied
SYMBOL. |PARAMETER CORDITIONS ML | TYP. | MAX | LT
e Continucus rTeverse drain - - 45 B
CUITerd
Lew Pulsed reverse raln Sumer - - 18 | A
Voo Céode Torward voitage L=23i Y, =0V - g5 | t2 W
bk =SDA Ve =0V - 1.G -
L, Reversa FECovery tine k=20 A BAR = 100 ApE - £7 - ng
@& Reverse rcovery charge Via -0V W, =20V - fois] - | ue
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APPENDIX ITI
#include<pic.h>

//__CONFIG(Ox1F71);

__CONFIG(0x20E4);

__CONFIG(0X3FFF);

unsigned int V1,V2;

void main()

{
ANSEL=0;
ANSELH=0;
ADC(JN I=0x80;
PR2=99;
CCPR]L=50;
CCP1CON=0X0C;
T2CON=0X04;
TRISI:ILOXFF;
TRIsq!=0XFO;
TRISB=0;
TRISPFOXOF;
PORTL=0;
PORTB=0xfT;
OPTION=0x87;

/. TMRO=0;

/' GIE=REIE=INTE=TOIE=TMRIIE=I;

4 TICON =0x01;

{ TMRI|L = 0x00;

7 TMRIH = 0x00;
while(|)
{ :

 PORTB=0x00;

- while(TMR0<4);
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PORTB=0x39;
while(TMRO<8);
PORTB=0x96;
while(TMRO<12);

' PORTB=0x93;

while(TMRO<16);
PORTB=0x99;

 while(TMRO<20);
| PORTB=0x99:
 while(TMR0<24);
| PORTB=0x93;

' while(TMRO<28);
PORTB=0x96;
| while(TMRO<32);

 PORTB=0x39:

while(TMR0<36);

PORTB=0x00;

| while(TMRO<40);.

| PORTB=0x00;

while(TMR0<44);

PORTB=0x36;

while(TMR0<48);

PORTB=0x66:

while(TMRO<60);

PORTB=0x66:

| while(TMRO<64);

: PORTB=0x63;

| while(TMRO<68):

| PORTB=0x69;

while(TMRO<72)
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PORTB=0x36;

while(TMRO0<76);
PORTB=0x00;
while(TMR0<80);
TMRO0=0
}
while(]);
}
delay_ade()
{
unsigni d int i;
for(i=0;i<=400;i++);
} :
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