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ABSTRACT

The project aums at helping the industries where the necessity of maintaining constant
temperature 18 required. Temperature control is very important in many industries which
uses furnace. In this project, the temperature of a hc:ﬁing clement of an iron box 18
maintained constant by using 2 matrix converter. Here the required temperature 1s set and
a microcontrolier is used to produce suitable pulses whose frequency variation varies the
temperature. The microcontrolier is used to compare the temperature ol the heating

element with the set temperature and maintain it at set iemperature.
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CHAPTER-1
INTRODUCTION



1.1 INTRODUCTION:

Temperature control is an inevitable process in many indusiries. Thig project aims at
maintaining the temperature constant. Conventionally the temperature 18 contrelled using
separate rectifier and inverter circuit which is subj coted to many disadvantages. Tec overcome
these disadvantages, indirect matrix converter is used which provides betier efficient output.

The - AC/AC converlers are commonly classificd as direct converters and indirect
converters. An Indirect converter consists of two converter stages and an energy slorage
clement, which converts input ac to de and then reconverts de back lo ac output with variable
amplitude and frequency. The energy storage clement can be cither a capacitor or an inductor.
However, the energy storage element is not needed 0 @ direct converter. In gencral, divect
converters can be classified into three topologies namely ac voltage controller, cyclo-
converter and matrix converter.

Matrix converter is the most versatile converter without any imit on the output frequency
and amplitude. It replaces the multiple conversion stages and the intermediale cnergy stOTase
element by a single power conversion stage. The usage ol indirect matrix converier also
reduces the switching losses and protects the system from cxperiencing Over voltages under
reverse power conditions. The output obtained thus has a better power faetor. The size 13

reduced considerably because of the absence of the d¢ 1ink capacitor.

1.2 NEED FOR THE PROJECT:

Matrix converter based drive topology has some interesting characteristics ol its own. It
has intrinsic powcr regeneration capabilities. It can have a smaller mounting place than
conventional AC-AC converters because neither braking resistor nor large clectrolytic
capacitor is required. It has low total harmenics of mput current with high eflictency and
power factor. Since the matrix converter drive has no large DC-bus capacitor (usually
electrolytic) it has a longer lifetime and is more reliable. Morcover provides direct ac-ac
conversion thus eliminating the need for reactive energy StOrage clements. This system
provides independent control of the output voltage, magnitude, frequency and phase angle
and operation at lagging, unity or leading power factor. As a result much higher elficiency

and performance can he achieved by these drives with reduced harmonics.



1.3

Pulse Width Modulated (PWM) signals ls applied to the gates of the power ransistors.
PWM signals are pulse trains with fixed frequency and magnitude and v ariable pulse width.
When a PWM signal is applied to the gate of a power transistot, { causes the output voltage
of the inverter to vary according to its turmn on dme. The inverter converls DC power 1o AC
power at the required frequency and amplitude. The inverler consists of six power
MOSFETs that tum on and off in a desired patiern 1o produce three phase AC outpul
voltage. The control IC 1s programmed and implemented 1n MicroControiler to generale
PWM gating pulses for the MOSFETs.

In this project, @ embedded controller for inverter using microcontroller is developed.
The output voltage of the inverter is varied by var ying the PWM switching frequency of the
gating pulses given to the power transistors (MOSFETs) of the inverter. The PWM
switching frequency can be varied to a maximum of 10kHz. High switching frequency is
achieved which improves the performande by reducing total harmonics distortion and

switching loss.

OBJECTIVE:

The main objective of this project is to design and implement a matrix converter in order
to maintain the furnace temperature constant by maintaining the frequency of the supply

constant.

1.4 ADVANTAGES OVER THE EXISTING SYSTEM:

The rapid development in high-performance, low-cost microconteolicrs has encouraged
research on digital PWM control. This control scheme has the advantages of simple
circuitry, software control, and flexibility in adaptation to various applications.

» Reduced switching losses.
Protect the system from experiencing over voltages under reverse power conditions.
The matrix converter shows better efficiencies due to lower switching losses.

Power factor improvement.

v v v ¥

No use of dc link capacitor
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INDIRECT MATRIX CONVERTER
AN OVERVIEW



5.1 INDIRECT MATRIX CONVERTER:

2.1.1 BASICS:

An AC/AC converter converls atl AC waveform such as the mains supply, to another

AC waveform, where the output voltage and frequency can be sct arbitrarily.

AC/AC converters can be categorized into

« Converters with a DC-link.
« Cycloconverters
« Hybrid Matrix Converters.

»  Matrix Converters.

For such AC-AC conversion today typically converter systems with 2 voltage or current DC-
link are employed. For the voltage DC-link, the main coupling could be implemented by a diode
pbridge. The disadvantages of this solution are the relatively bigh main distortion and high

reactive power requirements (especially during inverter operation}.

An AC/AC converter with approximately sinuseidal nput currents and bidirectional power
flow can be realized by coupling a PWM rectifier and a PWM inverter o the DC-link. The DC-
link quantity is then impressed by an cnergy storage clement that is common to both stagcs,
which is a capacitor C for the voltage DC-link or an inductor L for the current DC-link. The
PWM rectifier is controlled in a way that 2 sinusoidal main current is drawi, which 1s in phase or

anti-phase (for energy feedback) with the corresponding mains phase voltage.

Due to the DC-link storage element, there is the advantage that both converter stages arc to a
large extent decoupled for control purposes. Furthermore, a constant, mains independent nput
quantity exists for the PWM inverter stage, which results in high siilization ol the converter's
power capability. On the other hand, the DC-link encrgy storage clement has a relatively large
physical volume, and when electrolytic capacitors arc used, in the case of a voltage DC-link.

there is potentially a reduced system lifetime.

In order to achieve higher power density and reliability, it makes sense 1o sonsider Matrix

Converters that achieve three-phase AC/AC conversion without any intermediate energy slorage



element. Conventional Direct Matrix Converters perform voltage and current conversion

single stage.

The matrix converter has several advantages over fraditional rectifier-inverter type pOwer
frequency converters. It provides sinusoidal input and output wavelorms, with minimal higher
order harmonics and no sub harmonics; it has inherent bi-directional cnergy low capability; the
input power factor can be fully controlled. Last but not the least, it has minimal cnergy storage
requirements, which allows to get rid of bulky and lifetime- limited energy-storing capacilors.
But the matrix converter has also some disadvantages. First of all, it has a maximum inputioutput
voltage transfer ratio limited to 87 % for sinusoida! input and output waveforms. 1t requires more
semiconductor devices than a conventional AC-AC indircct power frequency converter, since no
monolithic bi-directional switches exist and consequently discrete unidirectional devices,
variously arranged, have to be used for cach bi-directional switch. Finally, it is particularly

sensitive to the disturbances of the input voltage systent.

1.2 NEED FOR MATRIX CONVERTER

Recently, matrix converter has received considerable interest as a viabie alternative Lo the
conventional back-to-back PWM converter in the ac/ac conversion. This direct aciac convertet
provides some attractive characteristics such as: ‘nherent four-quadrant operation; abscnee of
bulky de-link electrolytic capacitors; clean input power characteristics and increased power
density. However, industrial application of the convertet is still limited because of some practical
issues such as common mode voltage effects, high susceptibility to input power disturbances and
low voltage transfer ratio.

The matrix converter is the most general converter-type o the family of AC-AC direct
converters. On one hand, the matrix converter fulfills the requirements 10 provide @ sinusoidal
voltage at the load side and, on the other hand, it is possible to adjust the unity power factor on
the mains side under certain conditions. Since there is no DC link as inl cOmmMOon converters, the
matrix converter can be builtas a full-silicon structure. Using a sufficiently high puise [requency.
the output voltage and the input current both are shaped sinuseidally. The converter consists of
four bi-directional switches, arranged as two sets of two so that any of the inpul phases can be
connected to any of the output line. The switches are then controlled in such a way that the

average output voltages are sinusoids at the required frequency and magnitude.



2.1.3 ADVANTAGES OF MATRIX CONVERTER

e Multilevel conversion is possible, even n the basic version. This cnables

improvement of the low-wind efficiency of the converter, without sacrificing

performance at rated power.

e The converter can both step up and step down the voliage magnitude.

e  Switch commutation is simple.
s Simple bus bar structures.

e High quality waveforms.

2.1.4 COMPARISON OF CONVENTIONAL CONVERTERS WITH PROPOSED NEW

MATRIX CONVERTER
Property/Parameters Conventional | Proposcd Matrix ﬁ—l‘
Converter | Converter |
Voltage conversion !il _}Al
Ratio V out <0.866 V in |0 <Vou £ |
Vout/Vin | |
commutation switches l\ freewheeling of diodes |

Bus bar Structure Complex ‘I Modular and Simple |
Multilevel operation \ Not possible | Possible !
Utility side AC Capacltors | Inductive |

\, |
Filter Elements ' |

Table 2.1.4 Comparison of conventional converters wit

e

h proposed matrix converters



2.2 PULSE WIDTH MODULATION

2.2.1 INTRODUCTION

Pulse Width Modulation, is a modulation technique that generates variable-width pulses
1o materialize the amplitude of an analog input signal. It 's a method of transmitting information
on a series of pulses. The data that is being transmitied is encoded on the width of these pulses Lo
control the amount of power being sent to a load,
Using digital pulses we can creaic some analog value other than just “high’ and ‘low’
signal levels. Many digital systems are powered by a 5-Volt power supply, s0 by filiering a
signal that has a 50% duty cycle we get an average voltage of 2.5 Volts. Other duty cycles
produce any voltage in the range of 0 to 100% of the raised voltage. depending upon the PWM
resolution. The duty cycle is defined as the percentage of digital “high’ 10 digital “low’ signals
present during a PWM period. The PWM resolution is defined as the maximum number of pulses
that can pack into a PWM period. The PWM period 1s an arbitrarily time period in which PWM

takes place. It is chosen to give best results for our particular use. The figure 3.8 showdthe PWM

pulse generated by comparing the saw tooth carrier and a reference signal.

Fig 2.1 Pulse Width Modulation



2.2.2 TYPES OF PULSE WIDTH MODULATION:

There are many ways of generatng a PWM output such as

= Single pulse width modulation

«  Multiple pulse width modulation

»  Sinusoidal pulse width modulation

»  Space vector pulse width modulation

«  Modified pulse width modulation
Multiple PWM

The harmonic content can be reduced by using soveral pulses 1 each half-cvele ol the
output voltage. It is generated by comparing a linear relerence signal with a trangular carrier
wave. The frequency of reference signal sets the outpul frequency and the [requency ol the
carrier determines the number of pulses per half cycle. By varying the “on time’ of the pulses the

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

The simplest analog form of generating fixed frequency PWM 1s by comparison with a
linear slope waveform such as a sawtooth. The output signal goes high when the sine wave 1s
higher than the sawtooth. This is implemented using a comparator whose outpul voltage goes 10

logic HIGH when the input is greater than the other.

L

Pulse Widih
Nodulated

modulating

AV

carrier

Fig. 2.2 Sine Saw tooth PWM



Space vector PWM

This PWM technique approximates the reference voltage Vref by @ combination of the
eight switching patterns (Vo to V7). The sinusoidal voltage is weated as a constam ampiitude
vector rotating at constant frequency. The vectors (V] to V) divide the plane into six scetors
(cach sector: 60 degrees) . Vref is generated by two adjacent non-zero veelors ard two zero
vectors. S1-S6 are the six power transistors of the mverter. The transistors arc switched on and

off in the specific pattern to produce the required ouiput.

(upper) S;
Ss

(lower) Sg l-__[__——l‘—"" M

v -
0 j < . ; g

Fig 2.4 Switching pattern for sector-1



2.2.3 ADVANTAGES OF PWM

PWM technique has the following advantages
= Suppresses lower order voltage and current harmonics
= Improved power factor.
s Include a simple drive circuit
«  Good start-up characteristics and minimal heat dissipation in the pass {ransistor
» The signal remains digital all the way from the processor 10 the controlled system hence

no digital-to-analog conversion is needed

2.2.4 PWM CONTROLLER VS. RESISTIVE CONTROLLER

At a 50 percent level, the PWM will use about 50 percent of full power, almost all of
which is transferred to the load. A resistive controller at 50 percent load power would consume
about 71 percent of full power; 50 percent of the power goes 10 the load, and the other 21 percent
is wasted heating the resistors. It takes a constant trickle of power to operate, S0 tie efficiency
improves with higher power loads.

The pulses are at the full supply voltage and will produce more torque in a motor by
being able to overcome the internal motor resistances more casily. A resistive speed control will
present a reduced voltage to the load, which can cause stalling in motor applications. Finally, ina
PWM circuit, common small potentiometers may be used to control a wide variety of loads,
whereas large and expensive high power variable resistors are needed for resistive controllers.

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

software control, and flexibility in adaptation Lo various applications.



CHAPTER 3
HARDWARE DESCRIPTION



3.1 HARDWARE DESCRIPTION:

This chapter describes the hardware mo
and considering their disadvantages the

ware of the prototype developed.

del of the furnace temperature controller. Based

on the previous methods following model is proposed.

The figure below shows the complete hard

Fig 3.1 (a) Hardware implementation of the circuit (module 1)



mplementation of the circuit (module 2)

Fig 3.1 (b) Hardware i



3.2 BLOCK DIAGRAM OF THE DEVELOPED MODEL:

3PHRSE
WOLTAGE
SCOURCE
INVERTER

DIODE
RECTIFIER

i ]
| AT
F/ﬂwi HeE&TIG ‘l

| ELERAENT

230v, AC
SUPPLY

OPTO-
COUPLER
DRIWVER UNIT

wevpa L)

| eicieFeTia \—i-,’
)

1
i

-
F/’*l o
1

POWER
SUPPLY

Fig 3.2 Block diagram of the proposed model



3.3 DESCRIPTION OF THE BLOCK DIAGRAM:

The above figure represents the block diagram of the proposed model. The diagram
shows that the circuit is closed type. The single phase, 230V, AC supply is glven 1o the diode
rectifier which provides the required DC supply to the voitage source inverter (VS The VSIis
driven by the PWM pulse produced by the microcontrobler. The PWM pulscs are varied based on
the difference between the actual and the set temperaturc. The thermistor provides the actual
temperature to the controller and the keypad is used to set the required temperature. So the VS81is

driven so as to bring the actual temperature equal 10 the set temperature.

3.3.1 Input Source
The electronic circuits work under proper supply voltages. The input source given to the

circuit should be DC. The figure given below represents the input source gven o the circuit.

e
| | |
. o
Z o = oor |
- - "
AC IL lt =
'\ ‘ i gisus /100
| S
1 ; !
i ! '
230v/45V N N 1
STEP DOWN 7 o X oo |
TRANSFORMER i ‘ ‘: -
|

Fig3.3 Representation of Input Source
The transformer is used to step down the voltage. The transformer used is of 230V/45Y
step down transformer. The bridge circuit which consists of four diodes is available as a module.
The module number used here is 68424 International Rectifier (AR).This module 1s used for
rectification purpose. The capacitor is uscd to filtering the unwanted signals. Thus a Ge output i

obtained. The output obtained 1s given to the mverter cireuit.



3.3.2 Power Supply circuit for triggering circuit

All electronic circuits works only in low DC voltage, o an appropriate  voltage
supply is provided for their proper functioning. Therefore, the power supply elreuit for
{riggering circuit unit consists of transformer, rectifier, filter and regulator. AC voltage of
typically 230V s connected to a transformer which steps down to the level to desired ac
voltage. A diode rectifier that provides the full wave rectified voltage that is itially
filtered by a simple capacitor filtler to produce dc voltage is provided. The resulting de
voltage usually has some ripple or ac voltage variation . A regulator circuit ca; use this
de input to provide dc voltage that not only has much less ripple voltage but also remains the
same dc value even when the dc voltage varics somewhat, or the foad connected  to the
output dc voltages changes. In our project there arc two power supply cireuits. Now for
microcontroller, a regulator of IC LM 2205 is used .Here the output voltage is regutaied to be 3V
and is given as supply to the PIC microcontroller

In addition to this four other supplies are used. Here 12V is given as supply by using 1C
LM 7812 regulator which will be discussed later in this report. The general block dlagram and

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

Teanclonner | . Teetifier L__[i Fiter | ;Regt.ﬂatorw’}m

Fig3.4 (a) Block diagram of Power Supply circuit.



POWER SUPPLY CIRCUIT:

03
1 gy .
step down i — + 2V
| R T
transformer N ; R
i o X | |
4. 8 3yl L 5 :
3 || g "
Ll ‘
D2 = i
8 - 3 :1 I
230VM2Y : |
BC | L |
] i ;
D4 ] ‘ |
4 3 i : i
W L
Fig3.4 (b) Power Supply Circuit.
Transformer

A transformer is a static apparatus in which clectric power in one circuit is transformed
into electric power of same frequency into another circuit, It can raise ot lower the voltage in the
circuit, but with a cotresponding decreasc oOF increasc in current. It works on the principle of
mutual induction. Hence a step down ransformer is used Lo provide the necessary supply for the

electronic circuits. Here a step down transformer of 230V/12V s used to step down the voltage.

Rectifier

A dc voltage level obtained from a sinusoidal input can be improved fully using @
process called full wave rectification. Therefore the [uli wave rectification is obtained using
Full-wave bridge rectifier. From the basic bridge configuration, 1t cai be observed that during

the positive half-cycle of the input voltage, the power is supplied to the load through diodes D1



and D2. During the negative cycle, diodes D3 and D4 conducts. In the bridge rectifier the diodes
may be of variable types like 1IN4001, IN4003, 1N4004, IN4003, IN4007 ele... can be used.

Here the diode used is 1N4007, because it can withstand voltages upto 1000V

Filters

In order to obtain a d¢ voltage of 0 Hz, a low pass filter is used. So that 2 capacitive filter
circuit is used where a capacitor is connected at the rectilier output and 2 de voltage is obtained
across it. The filtered waveform is essentially a de voltage with negligible ripples and 1t 1s

ulitimately fed to the load.

Regulators

The output voltage from the capacitor is more filtered and finally regulated. The vollage
regulator is a device, which maintains the output voliage constant irrespective of the change in
supply variations, load variations and temperature changes. In our project we make use of two
voltage regulators. Here fixed voltage regulators namely LM7805 and LM7812 arc used. The IC
LM7805 is a +5V regulator which is used for microcontrolier and 1C 1.M7812 is used for the
MOSFETs at the driver side.

The LM78XX series of three terminal regulators 1s available with several fixed output
voltages making them useful in a wide range of applications. Onc of thesc is local on card
regulation, eliminating the distribution problems associated with single point these regulation.
The voltages available allow these regulators to be used in logic systems, instrumentation, HiFt.
and other solid state electronic equipment. Although designed primarily s fixed voltage
regulators devices can be used with external components to obtain adjustable voltages and
currents. The LM78XX series is available in an aluminum TO-3 package which will allow over
1.0A load current if adequate heat sinking is providec.

Current limiting is included to limit the peak output current 10 & salc value. Sale area
protection for the output transistor 1s provided to limit internal power dissipation. I internal
power dissipation becomes too high for the heat sink provided, the thermal shutdown circuit
takes over preventing the IC from overhecating. Considerable effort was expanded o make the
LM78XX series of regulators easy 10 use and minimize the number of external components. 1t 13

not necessary to bypass the outpul, although this does improve (ransient response. fnput by-



passing is needed only if the regulator is located far from the filter capacitor of the power supply.
For output voltage other than 5V, 12V and 15V the LM117 scries provides an ouiput voltage

range from 1.2V 10 57V.

Qutput current in €xXcess of 1A is obtained and it also provides internal thermai overload

protection. No external components are required. Available in the aluminum TO-3 package.

Circuit diagram of LM78XX:

T 1

Rtl
0k

B2
Ala
230
D1 _
£V 013 04
RY6
0.3
auTrPUT
R17
R1
o1
o Ve
MY
RZ A7 c1 4%
1.9% 1k S 200F
az a10
R3
6 a7 1
Rt
as ? 2.6x
an
a3 N AL
Ak
A4 RS A
1.2k 129% ™ us

Ul

Fig 3.5 Circuit diagram of LM78XX



3.3.3 Optocoupler

Optocoupler is also termed as optoisolator, They are essentially a combinauon of two
distinct devices: an optical wransmitter, typically a gallium arsenide LED {Light-Emiting Diode)
and an optical receiver such as a phototransistor or light-triggered diac or a resistor that changes
resistance with variations in light intensity or other device that conducts differently in the
presence of light. These devices are used to isolate the contro! voltage [rom the controlied
circuit. Optocouplers typically come in 2 small 6-pin or 8-pin IC package. The two are separated
by a transparent barrier which blocks any clectrical current [Tow betwecen the two. but does allow

the passage of light.

Fig 3.6 Construction of a typical optocoupler and the circuit symbol

Usually the electrical connections to the LED section are brought out to the pins on one
side of the package and those for the phototransistor ov diac 1o the other side, to physically
separate them as much as possible. This usually aliows optocouplers 10 withstand veltages ol
anywhere between 500V and 7500V between input and ouiput. Optocoupiers arc essentially
digital or switching devices, so they are best for wransferring either on-off control signals or
digital data. Analog signals can be transferred by means of frequency or pulsc-width modulation.
Thus the triggering pulses are given to the mverter circuit.

The optocoupler used in our circuit is SFHG615.This features a high current transler ralio,

low coupling capacitance and high isolation test voltage. They employ a Gallium Arsenide LED



as emitter which is optically coupled with a silicon planar photo transistor as detector. The
components are incorporated in a plastic plug-in DIP-4 package. The coupling devices are
designed for signal transmission between two electrically isolated circuits. The potential
difference between the circuits to be coupled is not allowed to oxceed the maximum permissible
reference voltages. The couplers are end stackable in a 2.54 mm and arc consideret as suCcessor
types for the couplers in metal case. Multi couplers can thus casily be implemented and

conventional multicouplers can be easily replaced.

FEATURES:
e Isolation test voitage is 2800 Volts.
o High current transfer ratio
At 10 mA : 40-320 %
At 1 mA : 60 %.
¢ Fast switching times
¢ Stable temperature
e Low saturation voltage

e High collector emitter voltage of 70V

3.3.4 Driver Circuit:

The driver circuit forms the most important part 0 { the hardware unit because it acts as
the backbone of the inverter. It gives the triggering pulses to the switches in the proper sequenee.
The signal after being electrically isolated is given to the driver eireuit, The diagram glven below

(fig 3.7) represents the driver unit.
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Fig 3.7 Driver cireuit for a single channel

The above figure shows a single channel of the driver circuit. Similarly there are
five other channels and each channel is used to drive the inverter circult. The digital signal [rom
the PIC 16F877A comes to this driver circuit. It forms the main part of the hardware developed.
The driver unit contains the following important units.

A. Capacitor

B. Supply

C. Resistor

D. Buffer

E. MOSFETs
The signal from the mc reaches the optocoupler where it is electrically isolated from the rest of
the circuit to prevent damage to the microcontrolier in case of improper or back iiring. The 330

ohm resistor is used for current limiting(biasing}.



When the signal is electrically isolated, it is passed through the buffer ¢d 4030.This buller 1s

used increase the signal strength and then it is sent to the darlington pair. The resistor and

capacitor are used for pull down.

Buffer

G=A4A]2
Al3S
H=814
B|5
I=C |6
cl7

16] NC

15]L=F
T3] F
13| NC
EK:E—:
BB
0] J = D

Fig 3.8 Pin diagram of CD4050

Schematic Diagram of CD4050B:

Fig 3.9 Schematic Diagram of CD4050B



CD4050B device is an inverting and non-inverting hex buflers, respectively, and fealure
logic-level conversion using only one supply voltage (Vce). The input-signal high level (VIH)
can exceed the Vee supply voltage when these devices are uscd for logic-level conversions.
These devices are intended for use as CMOS to DTL / TTL converters and can drive directly two
DTL/TTL loads. (Vec = 5V, Vol = 0.4V, and Iol = 3.3mA). The CD4049UB and CD4050B arc
designated as replacements for CD4009UB and CD4010B, respectively. Because CD405013
requires only one power supply, they are preferred over the CD4010B and should be used in
place of CD4010B in all inverters, current drivers, or logic-level conversion applications. In
these applications the CD4049UB and CD4050B is pin compatible with the CD4009URB and
CD4010B respectively, and can be substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the CD4049UB or CD4050B, therefore,

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

MOSFETs

The signal from the buffer amplifier is given to the MOSFET circuit. On top is the N
channel IRF 840 and P channel IRFP 9520. When the input is 0V, P channel MOSFET conducts
which is connected to ground. So there is no output. When the input is 1V, then the N channel
mosfet conducts and gives an output voltage of 12V, which in turn is used to drive the mverter,

The output obtained by this manner is sharp.

IRF 840
Symbol of IRF 840.
D
]
.-"”_,__H\\-‘
/ A
|l &
G 1 - }__ lJIfI
1
[
3

Fig 3.10 Symbol of IRF 840



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

lamp ballasts based on half bridge.

Features:

« 8.0A, 500V, Rds(on) = 0.8;VGS =10 V.
» Fast switching.

« 100% avalanche tested.

« Improved dV/dt capability.

IRF9520

S

Fig 3.11 Symbol of IRF9520

SOURCE

DRAIN (FLANGE) .

Fig 3.12 IRF9520 packaging.



This advanced power MOSFET is designed, tested, and guaranteed to withstand @
specified level of energy in the breakdown avelanche modc of operation. These are P-Channel
enhancement mode silicon gate power field effect transistors designed for applications such as
switching regulators, switching converiers, motor drivers, relay drivers and drivers for high
power bipolar switching transistors requiring high speed and low gate drive power. These types

can be operated directly from integrated circuits.

Features:

¢ Rds(ON)= 0.600 ohm.

o Single Pulse Avalanche Energy Rated
e SOA is Power Dissipation Limited

o Nanosecond Switching Speeds

e Linear Transfer Characteristics

e High Input Impedance

3.3.5 Inverter Unit:

The inverter circuit involves six switches. It consists of a single DC source. The tigure
given below represents the inverter cireuit. The switches used for the inverter circull is
MOSFET. The number invelves IRF P460. There are totally six switches namely s1,53,85 on top
and s4, s2, s6 at the bottom. A snubber circuit 1s being provided along with the MOSFET. The
snubber circuit consists of a resistor and a capacitor. The resistor 1s rated 100 ohms and the
capacitor is rated 0.1 micro farad. The valucs of capacitor and resistor are same for all the

snubber circuits in the inverter circuit.
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PIC 16f877A-Architecture
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Fig A.1 PIC 16f877A-Architecture



PIC16F87XA DEVICE FEATURES

Table A.1 PIC16F87XA device features
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PIC16F874A/877A PINOUT DESCRIPTION

Table A.2 PIC16F874A/877A pinout description
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PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

ﬁ

- PO | PLCC |TQFP| GFN | WOP 1 Bufier l o
Fin Name \ Fing | Pin# P'm#) ping | Type | Tipe | Dracnptich
TS 37 crona WO pot __‘,
REDITIDSOTICK 5 | 18 | 32 37 "
RCD ‘|
TI0S0 5
TIGKI !
RCA/TIOSICCP2 | o1a | 28 X "
AC1 s l
TICs! ; !
CCP2 ! S|
ROZICOFY 17 ] 19 | % a7 [
RC2 [50e) ‘
ccPt B g,
RCHUSCKSOL 1 | 2o | 3T a7
AC3 o
5CK Wi - ‘|
SCL ' ! o |
|
RC4ISDIEDA 23 | 28 | 42 AT \
RC4 0o |
501 i |
S04 o) |
ROBISDO 24 | 28 | 43 3T ;
RLS o] |
00 = \,
RCEFTRICK 2 | o2 | ™ 37 !
RO L \.
™ o
cK B! |
CTRNUDT S 1 3T |
RCT WG ‘
RX i !
21 e ‘
Legend: 1=input &= output D = dnpudgutput

= MNptused TTL=TTLinput 5T = Sonmn Tog ger 25

Mote 1: Thisbuflerisa Sichmit Trigger opadt winen configared &5 e exie nEHintEmu
2 This bufleris 2 Schipritt Trigger inpat winen yset in Seral Progractming Mo

3-  This katfferis 2 Srpymatt Trinner noust wiven cengsaeed n J0 e

CALTR tmmut aTE A e

TIMER0O MODULE

The TimerQ module timer/counter has the following
Features:

« 8-bit timer/counter

« Readable and writable

« 8-bit software programmable prescaler

. Internal or external clock select

« Interrupt on overflow from FFh to 00h

» Edge select for external clock

Figure 9.2 is a block diagram of the Timer0 module and the prescaler shared with the
WDT.Additional information on the Timer0 module is availabie in the PiCmicro® Mid-Range
MCU Family Reference Manual (DS33023). Timer mode is selected by clearing bit TOCS
(OPTION_REG<S>). In Timer mode, the Timer0 module will increment every fyslruction cycle
(without prescaler). 1f the TMRO register is wriiten, the increment

is inhibited for the following two instruction cycles. The user can work around this by writing an
B e TMRO register. Counter mode ‘s selected by sctiing bit TOTS



(OPTION_REG<5>). In Counter mode, TimerQ will increment cither on every rising or falling
edge of pin RA4/TOCKI. The incrementing edge 18 determined by

the Timer0 Source Edge Select bit, TOSE (OPTION_REG<4>). Clearing bit TOSE sclects the
rising edge. The prescaler is mutually exclusively shared between the TimerO module and the
Watchdog Timer. The prescaler is not readable or writable.

Timer( Interrupt

The TMRO interrupt is generated when the TMRO register overflows from FFh to 00h. This
overflow sets bit TMROIF (INTCON<2>). The interrupt can be masked by clearing bit TMROILE
(INTCON<5>). Bit TMROIF must be cleared in software by the Timer0

module Interrupt Service Routine before re-enabling this interrupt. The TMRO intermupt cannot
awaken the processor from Sleep since the timer 1 shut-off during Sleep.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKG {= Foso)

RAAITECKI - g 5
pin L
P

WoT
Tame-cit

Note: T0CS, TOSE, PSA, PS2:PED ane (OPTION_REG<E\:G>§.

Fig A.2 block diagram of the timer(/wdt prescaler

[/0 PORTS

Some pins for these /O ports are multiplexed with an alternate function for the peripheral
features on the device. In general, when a peripheral 13 enabled, that pin may not be.used as a
general purposc I/O pin. Additional information on IO ports may be found in the

PICmicro™ Mid-Range Reference Manual (DS33023).



PORTA and the TRISA Register

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

an input (i.e., put the corresponding output driver in a High-lmpedance mode). Clearing a TRISA
bit (= 0) will make the corresponding PORTA pin an output (i.e., pul the contents of the output
latch on the selected pin).Reading the PORTA register reads the status of the pins, whereas
writing to it will write to the port latch. All write operations arc read-modify-write operations.
Therefore, a write to a port implies that the port pins are read, the value is modificd and then
written to the port data latch.Pin RA4 is multiplexed with the TimerC module clock input 10
become the RA4/TOCKI pin. The A4/TOCKI pin is a Schmitt Trigger input and an open-drain
output. All other PORTA ins have TTL mput fevels and full CMOS output drivers.. The
operation of each pin is selected by clearing/setting the appropriate control bits in the ADCONI
and/or CMCON registers. The TRISA register controls the direction of the port pins cven when
they are being used as analog inputs.The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

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



BLOCK DIAGRAM OF RA4/TOCKI PIN
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PORTA FUNCTIONS
Table A.3 PORTA functions

—
Name gitg | Budfer Frrstion
RAMAND bit 0 TTL | tnpuilouipit or anssy G
RATIANY bit 3 TTL | inputouiplt o anacg input 4'
RAMANZVREF-CVREF bit 2 TTL |Inpulfcuiput or 3na.cg input ar WREE- o TWREF #
RAMANINREF+ bit 3 TTL | IRpubeuiput or ana oy inpat o WREFH 4|
RAMTGCKUOTOUT bit4 ST |inputicatput of exiema slaci input for TiveerD or 2emaaratar SHpL :
Cuiputis Gpen-drain WHe. ‘
RASIANSBSIC20UT bt 5 TTL |irpubicuiput ar an&.c insut or siawa select impul for Byncaroncis 3R
port o comparator ot |

Legemd: TTL=TTL input. 6T = Schinift Trigger inoul

SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Table A.4 summary of registers associated with PORTA

Value o
PR, BOR

Vadg on
cli osher

Sit1
Resais ‘

Address; Name Bit7 Bit& Bit3 Bit & Bit3 Bitd Bt G

a5h PORTA RAE | RAs | RAD | FAr | Al |
goh TRISA 1 PORTA Data Diresion Ragisisr

9Ch CMCON | C2OUT | C10UT | C2INY cliny |G Tz SRE

£0h CVRCON | CVRER OB e oor CvRA | CyR2 | CWRI
GFh EDCOMY | /A DEM: [ - | POFG3 | POREZ | PLFG!
Legend: x =unknown. u = unchanged, - = wnimpletrentzc lecatons read &5 0. Shaded L5 are nol us

ﬁiave Anodle and EB erabled, the AT sonyarter mLst o seliu ons of
BEEGO= gloo, ©LRL, olli, llel, 113, 1i1d

PORTB and the TRISB Register

PORTB is an 8-bit wide, bidirectional port. The cotresponding data direction register is TRISB.
Setting a TRISB bit (= 1) will make the corresponding PORTB pin an input (i.c., put the
corresponding output driver in a High-lmpedance mode). Clearing a TRISB bit (= Ojwill make
the corresponding PORTB pin an outpul (i.e.,put the contents of the output tatch on the sclected
pin).Three pins of PORTB are multiplexed with the In-Circuit

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

Each of the PORTB pins has a weak internal pull-up. A single control bit can turn on all the pull-
ups. This is performed by clearing bit RBPU (OPTION_REG<7>). The weak pull-up i
automatically turned off when the port pin is configured as an output. The pull-ups arc disabled
on a Power-on Reset.



BLOCK DIAGRAM OF RB3:RB0 PINS
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BLOCK DIAGRAM OF RB7:RB4 PINS
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PORTB FUNCTIONS

Table A.5 PORTB functions

Name Bit# Buffar Funation 3‘.
RBOANT pit 0 TS T Inputiautput pin or 2xiamal interrapt rput. lroErmal sCHwWaTe pEC Jrammanhe |
weak puli-up. ‘
RB1 bit TTL Inputfoutpul pin. internai seftware pregravimalie weak puli-up. \
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REBG&/PGC kit & TrLsTR Inputioutput i jwith Terrupl-an-Soangs o in-circuit debugge’ g, ‘
Imternal softwane programmals wask pub-up Sara, orogearriny S
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Legend: TTL=TTilLinput 5T = Sehmitt Trigger inpt
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3. Low-Voitage ICSP Programming (LVP) is enamled by 2efaul
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SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Table A.6 summary of registers associated with PORTB

1
. Valuz n
Value o |

Address Hame BitT Bix & Bit & 'Em-l Bis | 2it2] Bit1]BitY aib wiher |
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Legend:

* = urknown. U = unchanged. Shaded cells: are nat used



BUFFER-CD4050B
" Table A.7 Electrical specifications of buffer-CD4050B
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- 2A2%

MOSFET-IRF840
Table A.8 Electrical characteristics of mosfet-IRF840
Electrical Characteristics  1g=25C urisss anenia potce
Symbe! | Paramater l Tast Gonditions W

Off Characteristics
BVpss rain-Gource Breakdown Voltage Vgs = 0V, Ip=260 LA -

N
ABVpgs | Breakdown Voltage Temperature H o i o

\ 1o = 250 pA. Referenced to 25°C | - | o3 -l yrC
| AT, | Coefficient \ \ [

—fL——"i’

IDSS Vpg # 500 V. VGS =gy - - |10 L
v § n - 1

Zearo Gate Veliage Drain Current Vos = 400 V. Tg = 125°C |~ | - 100 | us

o
[44)
(843

lassr Gate-Body Leakage Current, Forward Vgs =30 V. Vpg =0V - Y A
lgssr Gate-Body Leakage Current, Reverse | Vos ® 30V, Vpg =0V | - |- 00 | nA
On Characteristics

Vg | Gate Threshold Voltage Vps = Vs o™ 250 uA - W
Static Drain-Source , i

Vea =10V, I = 4.0 A ! e o

©s y . bes o ! 1

Forward Transconductance Vog =40V lp=4.0A  jrosi | s

Dynamic Characteristics
input Capacitance

VDS=25 V'VGS= SIS [ (o
Coss Output Capacitance f= 1.0 MHZ [ 145 180 | PR
Cres | Reverse Transfer Capacitance ~ 35 | 45 oF

Switching Characteristics
Turn-On Delay Time

VCD =250V, lD = 8.0 A,

t Tumn-On Rise Time Rg =25 & - 83
taiom Turn-Off Delay Time 125 | 2860 | n8
i Turn-Off Fal Time (hete < 3| | 75 180 | ns

Total Gate Charge Ypg = 400 Vo = 8.0 A, L 41 ] 93 nG
Gate-Source Charge Ve ® 10V |- | 65 | - |G
Gate-Drain Charge - ‘L NG
Drain-Source Diode Characteristics and Maximum Ratings
is | Maximum Continuous Drain-Source Diode Forward Current [ VIS £ ;
M l Maxiraum Pulsed Drain-Source Diode Eorward Current - |3z A
Vb Drain-Source Diode Forward Voilage Vos=0V.1g=80A | - VI
tr 1 Reverse Recovery Time Vgs =0V I5=8.0A - a0 | - '—Tw-
Qur Raverse Recavery Charge dip 1t =100 Ans Mac s L | a2 s
_’J,//—‘———/’/ﬁ_#_k
Notas:
1. Repetive Raling | Pulse width kmited by maximuiR junenon temperalure

2 L= 8.0mH, lag = B.0A, Voo =60V Rg = 25 3. Starting Ty = 28'C
3. lgp - B.0A, ol = 200/08. Vpp + BYoeg, Staring T, =256
4 Puise Test: Pulss width = 30048, Duty Cycla @ 2%

5 Egsontialy mdepandent of operaiing tamparatuod



Peaak Dicde Recovery dvidt Test Circult & Waveforms
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Fig A.8 peak diode recovery dv/dt test circuits and waveforms



MOSFET- IRF9520

Table A.9 Electrical specifications of mosfet- [IRFY520
Electrical Specifications  Tc= 269¢, Unlgss Ctherwise Speciiicd
PARAMETER [ SYMBOL | —fesToonpons | MIN | TYP T wax L unrs !

¥ |

Drain o Source Breakdown Vottage BVpss | Iy = -2B0RA, Vgs = OY IFigure 10} ‘I
Gate Thrashold Voltage

Zers Gale Voltage Drain Current

Ve | Ves = Yos In = 25014

Vigg = Raled BVpss. Vg = UV
Vg = 0.8 x Rated BVgs, Vg = OV

Te= 125°C

On-State Drain Current (Note 2) | Ipony | Vos® ID(OR) X TOSON) MAX: Vag = -
[Gate to Source Loakage Gurrent [ less _|Vos =120V
Drain 1o Source On Resistance (Noe 2) THSON) \ Iy = -3.0A, Vg = S0V {Figures 8, %)
Forward Transconductance {Note 2} Ofg Vg = I{ON) * TDSIONMAX Ipy = -3.5A
[( Figure 12)
Turn-Cn Delay Time \ yon | Voo = 0.5 x Rated BVpgg. lp» -804,
Rise Time | t Ry = 5082, My, =.7.7‘_.1 for Vogsg = 5007 N
- MOSFET Swiching Timas are Fssentially e —
ﬁum'OH Delay Tima giorr) | Independent of Operating Temperature t__--f‘r_:{c;
Fall Time 4 |- i 50
Tolal Gate Charge Qgqrom | Ves =-10% In = 64, Ups = 0.8 x Rated BVpss [ T |
(Gate to Source + Gate to Drain) R {Figure 14) Gale Charge is Essentiaty \ |
Gate lo Source Charge l a 1 Indepentdent of Operaling Temperature
Gate 10 Drain "Miller” Charge \

Vpg = -2bV. Vgg = oV f= fiiHe
T {Fryure 113

Input Capacitanca

Qutput Capacitance

Baversa Transfer Capacitance

Measurad From the I taodiiiad MOSEE .
Contact Serew on Tab 7o \ Symbol Showing the i |
Ceonler of Dio nternai Dravices 1

‘ Measurad From the Drain ‘ Induelanses

| Lead, Smm (0.25in) from
Package to Centar of Die

Inzsrnal Drain Inductance

e -
internal Source Inductance [ " Weasured From the: 1
| Source Lead, Grom |
| .25mn) Fram Header © |
i Source Bondding Pad

Thermal Rasistance Junctionto-Case Ry
e B
Thermal Resistance Junclion-to- Ambirent Ruta Typical Soche! Mt o -

Table A.10 Source to drain diode specifications



Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIGNS [ | TYP | NAX uniTs |
Continuous Source to Drain Guerent ign Maosied MOSFET Sym- | r ‘ | 5 1 &
¢ ety g [t L o R | K
Fuise Source to Drain Current oo | D Stowang the Intdgre: I | e 2
E Rawgrae -1 Junshon | i -
{Note 3) ) K |
Dracied ! i
|
! ‘ 1
|
g H
Source 1o Drain Diode Voltage Vo i b v
{Note 2) {Fiquriz 13)
Reverse Racovery Time 1 Ty = 150°C, tap = -6.0A, digry - ‘ s
Revarse Recovery Charge QiR T = 15070, Igp = -B0A, dgnidl = - | [

NOTES:

2. Pulse test pulse wiglh 5 300us. duty cycle 4 2%.

3. Aepelitive rating: pulse width limited by maximum juncton wemparali

CSaw Traagisl Th

4. Vpp = 23V, starding Ty = £5°C. L = 15.4mi, Rg = 250 peak (g = 6.0A




Test Circuits and Waveforms
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Fig A.9 Test circuits and waveforms of MOSFET- IRF9520



OPTOISOLATOR-SFH615

Maximum Ratings
Eenlttar (Gada LED)
ROVETBEVOUADE e e e sor oo s 6V
DG Forwaed Current .. L e et e e B A
Surga Forward Current {110 us . PBA
Totai Powar Drssipation .+ .. w0+ e e . 100 mW
Datactor (Sticon Pholotransision)
Coliacyor-Emtier Voliage ... ... oV
Collacior Corent . ... e e s . - BOma
Collecior Curranl (LS1 MB) . - .o w0 e cres e . L 100 mA
Total Powe! DIBSIDEUGN 1 v e e s 150 mW
Qplocoupler
Storage Temperature Range ... . o oo -£6°C to +180°C
Amblent Tomperabaro Range . . . -55°C 10 +100°C
Junclion Temperalrg .. .. .« e v oo 10000
Solidenng Temperature (max, 10 8)") . 280°C
isolation Tost Voltage?

(botwean amitter and detector refered

to slandard climale 2450 DIN 50014} . 2800 YO
isolakion Reslelanca (V,gsS00 V). et 107 1

HeAue:

1 Dep ackdanng rnrmun clearance irom baltom ockia of packsns 1 5mm Spoceal
‘scidonng condihons ep ply when Through-contactes circu boards gre wed Poase
reques!l sppropnale speciication.

2 DC tast vollege 1n aocorciance with DIM 57883, drail 478

Charactoristies (T,=25°C)
Emilter {Gahs LED)
Forward Voltage (L,=60 mA) v, 125 (51 65) i)
Broakdown Yoltage (l=10 pA) Veu 30 (=€) k)
Reverss Curreht (V=6 V) b 001 {10) A
Capacliance (V=0 V, f=1 MHz} Cy 25 nF
Themal Resisiance Row 750 KW
Datsctor {Sihcon Photolrany stor)
Hance

(VoS V. Tl MH2) Coe 88 p-
Tharmai Rssiptance - 500 K
Optosouplar
Collastoe-Ermniar Sahurabon Voltage

{,=10 mA, 1,x2 6. mA) Vot 0 26(s04) v
Coupling Capaoitance Ce 026 pi

The optocavplers are grouped according to thewr current transior
ratio I/, 81 Va5 V, markad by dash numbers:

-1 -2 -3 -4
Icil,[l,-‘lOmA) 40-80 863125 | 100-200 | 160320 %
I/t (1=t enh) 0(>13) | 26{>22) | 70(>34} | WL | =
Calloctor-Embiter
Leakage Gurent | 2{s50) 2($50) | S(=I00) | B(=100) | nA
(Vogm 10 V) ()

SWITCHING TIRES

Linaar Oparation (withoui saluration)

=10 mA, Vg =5 V. T,=25°C

Load Hegislanca R 78 ] o}
Tuer- O Time " apisee) | we
Rise T L 2o(ads | s
Ture-Oif Time o z3gat
Fall Time { 20538 [ s
Cut-Ofl Fragbency Foo 280 bowiz
Swilehlng Operation (with saturalion)
o-i* ORI
m .  @r 2 TTLinputs
. et @ 27 RS
. pult-up Fesston
T
+5Y
T
Z0EN

TTL ieve's 3re .y

obsarved Lut h

ny TTL

SwiHchrng Lmes !

bl v
Group -1 ~2snd-3 | 4 !
{1 =20 mA) {l,=10 mA) ‘ {i,=5 Al
Turn-Qe Time 4, HQ(s5 5 L2450 1 60(s105) | ke
fisa Timo L | 20isde) 30(60; | 4860w
Tun-Cii Time 4, 38 (234} ‘i 23igom | evissy 15
FalTme 4 | 141520) [ | s |w
Vo | £ 25 {0 4) by




CHARACTERISTICS:

Gurrent tranater ratlo (typ)
varsys temparsture
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OQuipwt charanteristics Jyp.)
Ciofivtlor cuont voraus
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mhk
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Fig A.10 characteristics of optoisolator-SFH615
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Fig. 3.13 Inverter Circuit

MOSFET

The component that is used as the swit

ch in the inverter unit 18 the
voltage controtled device. They are the power semi ¢o
property with a simple drive requirement.

MOSFET which 1s a

nductor devices that have @ fast switching

[t

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

V= 500V

Rds (on) = 0.27 ohm
1d=20 A



peration principle of MOSFET

Construction and O
¢ types of MOSFETs. They are N

There are two bast Channel depletion type and N

Channel enhancement type.

A. N Channel depletion type B. N Channel enhancenient iype

Metal contacts

n

g subairate

substrate

Fig 3.15 A, B MOSFET Types

A.N Channel depletion
The N channel depleti

on type of MOSFET s constructed with p -Substiate. It has two nn
doped regions, which forms the drain and source. It has SiO2 insulating layer between the

e metal layer. Thus it has ihree terminals namely drain source and gate.

channel and th
With a negative gate voltage, the negative charges on the gate repel conduction electron:
from the channel, leaving positive ions in their place. Thereby, the N-channel is depleted of som

of its electrons, thus by decreasing the channel conductivity.



When a positive voltage is applied between the gatc and source, more electrons arc
induced in the channel by capacitor action. So there is a flow of current from drain to source. As
the gate source voltage increases, the channcl gets wider by accumulation of more negative
charges and resistance 10 the channel decreascs. Thus more current [tlows from drain to source.
As there is a current flow through device for zero gate source voltage, 1L 18 normally called as ON

MOSFET.

B.N Channel Enhancement:

The N channel enhancement MOSFET is similar to the depletion type in {he construction
except that there is no physical existence of the channet when it 13 unbiased.

When the positive voltage is applicd between the gate and the soures, the clectrons get
accumulated in the channel by capacitive induction in the channcl formed out of clectrons
allowing the flow of current. This channel gets widened as more positive voltage is applicd
between gate and source. There will not be any condition through the device 1l the gate source
voltage is negative.

As the enhancement type MOSFET conduct oaly alter applying positive gate voltage, it
s also called as normally OFF MOSFET. For this reason it becomes casily controllable and is

used in power electronics as 3 switch.

PIC16F877 MICROCONTROLLER
34.1 MICROCONTROLLER CORE FEATURES:
High-Performance RISC CPU:

+ Only 35 single-word instructions to learn
« All single-cycle instructions except for program pranches, which are two-cycle
» Operating speed: DC — 20 MHz clock 1nput DC - 200 ns instruction cyele
«Upto8Kx 14 words of Flash Program Memory,

“Upto368x38 bytes of Data Memory (RAM],

“Up to 256 x 8 bytes of EEPROM Data Memory
« Pin out compatible to other 28-pin or 40/44-pin

_PIC16CXXX and PIC16FXXX microcontrollers



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

- Comparator outputs are externally accessible

Special Microcontroller Features:
+ 100,000 erase/write cycle Enhanced Flash Program memory typical
« 1,000,000 erase/write cycle Data EEPROM memory typical
« Data EEPROM Retention > 40 years
« Self-reprogrammable under software control
+ In-Circuit Serial Programming™ (ICSP™) via two pins
» Single-supply 5V In-Circuit Serial Programming
« Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation
+ Programmable code protection
« Power saving Sleep mode
« Selectable oscillator options
+ In-Circuit Debug (ICD} via two pin
» Low-power, high-speed Flash/EEPROM technology
» Fully static design
« Wide operating voltage range (2.0V to 3.5V)
« Commercial and Industrial temperatuse ranges
+ Low-power consumption
» Programmable code protection

« Power saving Sleep mode



3.4.2 PIN DIAGRAM:

40-Pin PDIP
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RAZ/IANZIVREF-ICVREF e [
RAZIANINREF+ e ]
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REmRmANS St
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VOO e |

VS8 cen [
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Fig 3.16 Pin diagram of PIC 16F877A



Peripheral Features:
* TimerQ: 8-bit timer/counter with 8-bit prescaler
« Timer!: 16-bit timer/counter with prescaler, can be incremented during Sleep via
external crystal/clock
« Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaier
» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resotution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
» Synchronous Serial Port (SSP) with SPI™
» Universal Synchronous Asynchronous Receiver Transmitter (USART/SCI) witl 9-bit
address detection
« Parallel Slave Port (PSP) - 8 bits wide with external RD, WR and CS controls
+ Brown-out detection circuitry for Brown-out Resct {(BOR)
« The PIC16F873A and PIC16F874A have one-half of the total on-chip memory of the
PIC16F876A and PICI6F877A
» The 28-pin devices have three /O ports, whilc the 40/44-pin devices have five
« The 28-pin devices have fourteen interrupts, while the 40/44-pin devices have fifteen
« The 28-pin devices have five A/D input channels, while the 40/44-pin devices have
eight
» The Parallel Slave Port is implemented only on 40/44 pin devices.



CHAPTER 4
CONCLUSION



CONCLUSION:

In this project TEMPERATURE CONTROLLER FOR FURNACE USING
INDIRECT MATRIX CONVERTER has been designed and implemented. By doing so. the
disadvantages present in analog based design are overcome. The advantages ol the new system
are a simple circuitry, reduced system size, power facter improvement and minium cost,

A buffer circuit is used to enhance the signal strength so that the inverter designed can
be used for industrial purposes. The PIC 16F877A has the required features tor programming in

C language. By this method accurate and precise temperature control can be obtained.



