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ABSTRACT

Nowadays the life cost more getting higher and higher. People more consider
every dollar that they spend in their daily life. The price of gasoline more getting higher
every year, this also make the life cost for each family increase. The price of electricity
also increases because of the increase gasoline price. The people should spend their
money with efficiently to make sure that the money that they spend is totally useful.
There have two methods to save the electricity usage; the first one is using the electricity
energy with smart, for example when the air-conditioner is not used it should turn off.
The second is using the power factor correction technique, but this method just for
inductive load such as air-conditioner, washing machine and refrigerator. The inductive
load running causes the leading power factor, means the current that used is more and
not totally used. To overcome this problem the reactive component is added, the
capacitor is added to improve the power factor and also reduce the current that transfer
to the inductive load. The microcontroller (PIC) is use as a control element that
switching the capacitor to the power line. The sensor is place at the power line to giving
the signal to the microcontroller, microcontroller analyze the signal that feed from the

sensor. Microcontroller execute the instruction depend to the signal that giving.
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ABSTRAK

Pada setiap tahun taraf hidup semakin meningkat dan setiap orang mengira
setiap ringgit yang mereka belanjakan. Pada setiap tahun juga harga bahan api
terutamanya petrol meningkat berikutan perminataan yang tinggi oleh setiap Negara. Ini
menyebabkan tarif elektrik meningkat berikutan meningkatnya harga bahan api di
pasaran. Setiap orang perlu menggunakan duit mereka dengan bijaknya bagi menanpung
perbelanjaan sara hidup yang makin meningkat. Bagi mengurangkan beban yg ade
mereka seharusnya menggunakan elektrik dengan sebaiknya. Ada dua kaedah untuk
menjumatkan penggunaan elektrik, salas satunya ialah menggunakan elektrik dengan
jimat cermat sebagai contoh apabila tmeninggalkan bilik penyaman udara dan perkakas
elektrik yang lain seharusnya dimatikan. Keadah ini berkesan bagi menjimatkan elektrik
tetapi penggunaan elektrik masih tidak efisyen. Kaedah kedua adalah menggunakan
teknik pembetulan faktor kuasa, tetapi kaedah ini hanya berkesan bagi alat yang
mengunakkan applikasi moto. Apabila alat berplikasi moto bekerja faktor kuasa dalam
talian kuasa menjadi rendah iaitu mengekori. Bagi membetulkan balik komponent
reaktif diperlukan, kapasitor adalah komponent reaktif digunakan bagi membetulkan
balik faktor kuasa. Pemprosesan Kawalan Mikro (PIC) digunakan bagi mengawal
kemasukan kapasitor dalam talian. Kemasukan kapasitor bergantung kepada masukan
data daripada peranti pengesan. Ini mengelakan daripada faktor kuasa mendahui

daripada terjadi.
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CHAPTER 1

INTRODUCTION

1.1.  Project Background

In the recent year the life cost is getting more expensive and the people need
to consider all the money that they spend. The electric tariff from TNB getting
higher in every year because the electric tariff, depend to the price of gasoline. The
electricity bills is the one of the life cost that need to support because without
electric people can’t do their daily life. To minimize the electric bill in the manual
method is try to use the electric with the smart. The other method to minimize the

electric bill is used the automatic power factor correction (power saver).

This project is focus on the design and building a unit of automatic power
factor correction, this device more suitable and effective in the house that used a lot
of inductive component such as air-conditioner, washing machine and etc. This
device is function as the power factor corrector to improve the power factor to unity.
The value of capacitor that insert in the system is depend to the value of power

factor that control by microcontroller.

The problems of this we have to determine the value of the power factor and

the value of the capacitor that we need to insert in the system. The value of the



capacitor is the most important because it will change the power factor to unity and
significantly the current to the load is reduce. This is the main problem we have to

focus because it will determine the percentage of the save the electricity.

1.2.  Objectives:

The objectives of this project are:

I. Develop automatic power factor correction (power saver)

Il. This device able to reduce the power consumption in the house and
minimize the electricity cost.

I11. To help the people reduce the life cost by reduce the electricity cost.

1.3. Scope of Project
The scope of this project can be summarizing as follows:

I. This projects focus on the single-phase system 240Vac, for house
application.

Il. The maximum current rating is 40A, suitable for house that usually
current rating is same.

I11. Device use 4 parallel capacitors to improve power factor.

V.



1.4. Literature Review

The power factor of an AC electric power system is defined as the ratio of
the real power to the apparent power, and is a number between 0 and 1. Real power
is the capacity of the circuit for performing work in a particular time. Apparent
power is the product of the current and voltage of the circuit. Due to energy stored
in the load and returned to the source, or due to a non-linear load that distorts the
wave shape of the current drawn from the source, the apparent power can be greater
than the real power. Low-power-factor loads increase losses in a power distribution

system and result in increased energy costs [1].

The significance of power factor lies in the fact that utility companies supply
customers with volt-amperes, but bill them for watts. Power factors below 1.0
require a utility to generate more than the minimum volt-amperes necessary to
supply the real power (watts). This increases generation and transmission costs. For
example, if the load power factor were as low as 0.7, the apparent power would be
1.4 times the real power used by the load. Line current in the circuit would also be
1.4 times the current required at 1.0 power factor, so the losses in the circuit would
be doubled (since they are proportional to the square of the current). Alternatively
all components of the system such as generators, conductors, transformers, and

switchgear would be increased in size (and cost) to carry the extra current [2].

Interfacing the microprocessor with the AC power lines need to consider the
voltage, current and also power dissipated by the microcontroller (PIC). The PIC
chip only support 1W power dissipation [1]. The phase voltage and current is
detected using the current and voltage transducer. Using the external existing unique
function (zero crossing detector) in PIC16F77 the phase shift between voltage and
current is determine [1]. High external resistor must be connect place before
connect to input circuit, to ensure that PIC not damage. PIC 16C5X series is design
to short the input when the large voltage is applied to protect the chip from static
electric short [3].


http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Ratio
http://en.wikipedia.org/wiki/AC_power
http://en.wikipedia.org/wiki/AC_power
http://en.wikipedia.org/wiki/Power_%28physics%29
http://en.wikipedia.org/wiki/Apparent_power
http://en.wikipedia.org/wiki/Apparent_power
http://en.wikipedia.org/wiki/Volt-ampere
http://en.wikipedia.org/wiki/Watt

The Hall Effect sensor is the one device that used to interface between the
power line and the microcontroller (PIC) [4]. This sensor is connecting series with
the inductive load. It has an internal current transducer that senses the
electromagnetic field. It also produce the output voltage that suitable for the PIC
(0V-5V), this output voltage is in AC because use in the AC application, it also
suitable use in DC application. This device precise is depending to the temperature,

it sense the fully scale current at the 25°C [4].

1.5. Report Outline

This report is divided into six chapters. Chapter 1 is explaining about the
background of the project, objectives, scope of project and literature review.
Chapter 2 explaining about the power factor, phase and phasor diagram, automatic
power factor correction, current sense conventional APFC and summary for this
chapter. The new automatic power factor correction device (power saver) should
have ability to reduce the power factor to unity when the inductive component exists
in the system. This device should have a correct trigger the step of the capacitor to
accomplish the value VAR in the system and the current transfer to load is less.
Chapter 3 explain about the control element circuit, the PIC 18F4550 is used as a
brain of the system, this microcontroller PIC is used to monitor all the changing
current in the system that feed by the current sensor. The porta is used to feed the
input because only porta have the special features that can receive analog input. The
oscillator is the important thing that generates the frequency when the voltage is
given. The frequency generate is feed to the microcontroller and as a clock for
microcontroller to function. Microcode studio is used to write and compile. It
convert pbp file to the hex file. The PICKit is used to burn the program to the
microcontroller, the hex file is transfer to the PICKkit program and it transfer into
microcontroller. Chapter 4 explains about methodology of the project. The power
factors is study fist and also find the technique to improve the power factor. The

purpose design for this project is using the current sensor as the input and the driver



relay circuit as an output. The current sensor is feed the signal to the
microcontroller, the microcontroller analyze and give the output to the driver relay
circuit according the condition that stated in the programming. Chapter five explain
about the result and discussion, the result of the power factor is determined using
the motor load. There have two type of motor used, first is 600W motor, the current
0.3A are reduce after the APFC operate. The initial power factor is 0.83pf and after
insert the capacitor insert the power factor become 0.92pf. Second is 1.32KW
motor, current 0.5A are reduce after APFC operate. The initial power factor is
0.77pf and after insert capacitor the current is 0.83pf. Chapter 6 explains about the
conclusion and suggestion. This device is able to reduce the current usage by the

inductive load.



CHAPTER 2

AUTOMATC POWER FACTOR CORRECTION (APFC)

2.1. Introduction

Power factor is the ratio of true power or watts to apparent power or volt
amps. They are identical only when current and voltage are in phase then the
power factor is 1.0. The power in an ac circuit is very seldom equal to the direct
product of the volts and amperes. In order to find the power of a single phase
ac circuit the product of volts and amperes must be multiplied by the power
factor. Ammeters and voltmeters indicate the effective value of amps and volts.
True power or watts can be measured with a wattmeter. If the true power is 1870
watts and the volt amp reading is 2200. Than the power factor is 0.85 or 85
percent. Real power divided by apparent power. The power factor is expressed in
decimal or percentage. Thus power factors of 0.8 are the same as 80 percent. Low
power factor is usually associated with motors and transformers. An incandescent
bulb would have a power factor of close to 1.0. A one hp motor has power factor
about 0.80. With low power factor loads, the current flowing through electrical
system components is higher than necessary to do the required work. These results
in excess heating, which can damage or shorten the life of equipment, a low
power factor can also cause low-voltage conditions, resulting in dimming of lights

and sluggish motor operation.

Low power factor is usually not that much of a problem in residential



homes. It does however become a problem in industry where multiple large
motors are used. So there is a requirement to correct the power factor in industries.
Generally the power factor correction capacitors are used to try to correct this

problem.

For a DC circuit the power is P=VI and this relationship also holds for the
instantaneous power in an AC circuit. However, the average power in an AC circuit
expressed in terms of the rms voltage and current is

Pavg = VI coso

Where, o is the phase angle between the voltage and current. The additional

term is called the power factor. Power factor triangle is shown in Figure 2.1.

Power Factor = P/S

P

Figure 2.1: Power Factor triangle

From the phasor diagram for AC impedance, it can be seen that the power

factor is P/S. For a purely resistive AC circuit, P=S and the power factor = 1.

2.2. Phase and Phasor Diagram

When capacitors or inductors are involved in an AC circuit, the current and
voltage do not peak at the same time. The fraction of a period difference between
the peaks expressed in degrees is said to be the phase difference. The phase
difference is <= 90 degrees. It is customary to use the angle by which the voltage

leads the current. This leads to a positive phase for inductive circuits since current



lags the voltage in an inductive circuit. The phase is negative for a capacitive circuit
since the current leads the voltage. Figure 2.2 shows the waveform for voltage
and current when the power factor is leading. The current lead the voltage

because the inductive component running.

| 4

Y
| -1“\7 'l-“\'”\rﬂ B =

Figure 2.2: Phase Diagram for leading PF

2.3  Automatic Power Factor Correction

An automatic power factor correction (APFC) is a device that used to improve
the power factor to unity using the microcontroller. Usually the automatic power
factor correction is used in the industry such as the factory that used the biggest
horse power (hp) motor. Such as the chiller system, chiller system is the one of the
type air-conditioner. This chiller used the motor to operate; motor is used as pump
to pump the water for each floor in the building. The motors that used have 200hp
each to pump the water in each floor. This motor is operate when the temperature
high inside the building and off when the temperature reach at the desire level. The
automatic power factor correction is needed here because to maintain the value of
the power factor unity. The value of power factor unity is important because it will
affect the current and voltage drop in the system. Second is TNB will give the
penalty if the power factor below that 0.8, power factor below that 0.8 need to
supply more energy to this system and make them loss out. This device is function
to monitor the system that makes sure that the value of the power factor approach to
unity.



2.4 Operation of APFC

The automatic power factor correction is the device the used the
microcontroller to analyze the power factor in the system. The microcontroller is the
brain of the system because where the power factor is analyze and determine the
value. Microprocessor receives the signal from the voltage and current transducer.
Microprocessor is build in the analog digital converter, This ADC is used to
convert analog signal to the digital signal, the digital signal from the current and
voltage transducer is analyze. To determine the power factor zero-crossing detector
is used. The programming of microprocessor is the most important because, if the
inductive components running the voltage are lagging current. The signal from the
current transducer will on the timer and the signal from voltage off the timer, from
the delay between the current and voltage the power factor is determine. Figure 2.3

show the time delay between current and voltage.

Current Voltage

Figure 2.3: Waveform voltage and current
The value of capacitor is depends to the value of the VAR that used in the
system (motors). The microprocessor will give the signal the contactor to turn on
capacitor to the system depend to the value of VAR that used. The steps of the
capacitor usually for the system is depend to the how many the inductive component
(VAR) in the system. That means before the automatic power factor is design the
value of the VAR in system need to know first and the how many steps of the

capacitor will determine. The figure 3.2 shows the block diagram for the system.
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Figure 2.4: Block diagram Power factor Controller

2.5 APFC Design
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There are two circuits for design automatic power factor correction. First is

control circuit that consists of microcontroller, two transducers and driver relays.

Second is power circuit that consists of capacitor bank and relay.

2.5.1 Relay

A relay is an electrical switch that opens and closes under the control of

another electrical circuit. In the original form, the switch is operated by an

electromagnet to open or close one or many sets of contacts. Because a relay is able

to control an output circuit of higher power than the input circuit, it can be

considered, in a broad sense, to be a form of an electrical amplifier. Current flowing


http://en.wikipedia.org/wiki/Switch
http://en.wikipedia.org/wiki/Electrical_circuit
http://en.wikipedia.org/wiki/Magnet
http://en.wikipedia.org/wiki/Amplifier
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through the coil of the relay creates a magnetic field which attracts a lever and
changes the switch contacts. The coil current can be on or off so relays have two
switch positions and they are double throw (changeover) switches. Usually this is a
spring, but gravity is also used commonly in industrial motor starters. Most relays are
manufactured to operate quickly. In a low voltage application, it is used to reduce
noise. In a high voltage or high current application, it is used to reduce arcing. The

symbol circuit of relay and the relay are shown in Figure

mm incn

Figure 2.5: Relay

2.5.2 Current Transducer

There are several types of current detector such as current transducer,
transtronics current detector and current transformer which are use for detected
current by sensing the AC current. This device is function when the wire carrying the
current through the coil. The magnetic field form from the wire will detect, the coil
consist in the current transducer will induce the current, acting like transformer.
Figure 3.4 below the current transducer. The application of current transducer
normally use in sensing overload current, ground fault detection, metering and analog

to digital circuit.


http://en.wikipedia.org/wiki/Spring_%28device%29
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Figure 2.6: Current Transduccer

2.5.3 Voltage Transducer

Voltage transducer is function like a transformer. The voltage in the system
will step down; the voltage step down is depending to the coil. For this project the
voltage is step down from 240Vac to 5Vac, before the signal sense to the
microcontroller the current is limited using the large value of the resistor. The high
current produce when the transformer is step down, current is limited because the
microcontroller can accept only 1W power consumption. The higher current will

damage the microcontroller. Figure 3.5 show the LV 25-P voltage transducer.

“fi\;t- i ‘t-.}1

‘HI://

Voltage Transducer
LY 25 P

Figure 2.7: Voltage Transducer
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2.5.4  Capacitor

Capacitor is the main important because it will improve the power factor and
reduce the current that transfer to the load. The capacitor that used is has the voltage
rating 400V. This value of the voltage rating is suitable for single phase. Figure 3.6
show the ELCO capacitor.

ELCO 1 0xr:sxases
ce S

IEC :_-x_;fi_:_i <
3701 072-12

TuV MADE IN MALAYS

Figure 2.8: Capacitor

2.6  Summary

The power factor is exists when the capacitor and inductor component
operate in the ac circuit. Usually the load is inductive load such as motor application,
when the motor running the power factor in the system is low; to improve the power
factor the capacitor component which called capacitor bank is inserting in the
system. The value of the capacitor is depending to the value of the VAR that used.
The current sense for APFC is not suitable because not efficiency to improve the
power factor and also reduce the current used by inductive components. The
automatic power factor correction device consist two circuits, control and power
circuit. The control circuit consist of transducers, microcontroller and drivers relay.
The signal is feed to the microcontroller using the transducers. Microcontroller

analyzes the power factor in the system and sends the signal to the drivers relay. The
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driver relay will on the steps of capacitor depend to the power factor. This process

continuous until the power reaches to power factor unity.
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CHAPTER 3

CONTROL ELEMENT CIRCUIT

3.1 Introduction

PIC is widely used to as a control element circuit for the device or electrical
equipment. PIC is a family of Harvard architecture microcontrollers made by Microchip
Technology, derived from the PIC164originally developed by General Instrument's
Microelectronics Division. The name PIC initially referred to "Peripheral Interface
Controller”. PICs are popular with developers and hobbyists alike due to their low cost,
wide availability, large user base, extensive collection of application notes, availability
of low cost or free development tools, and serial programming (and re-programming
with flash memory) capability. The Harvard architecture is different with the von
Neumann architecture because it can read an instruction and perform the data memory
access at the same time. This is because this Harvard architecture can read and writing in
the same time and this significantly to the times taken to execute the instruction. This
Harvard architecture also take less time and more efficiency to execute the instruction

and it user friendly because the programmer easy to write the program.


http://en.wikipedia.org/wiki/Harvard_architecture
http://en.wikipedia.org/wiki/Microcontroller
http://en.wikipedia.org/wiki/Microchip_Technology
http://en.wikipedia.org/wiki/Microchip_Technology
http://en.wikipedia.org/wiki/General_Instrument
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3.2 Microcontroller (PIC) Features

The feature of microcontroller (PIC) is can only operate when two Vcc (5Vdc),
two Gnd (0Vdc) and one oscillator. The PIC will blow if the voltage exceed 5Vdc is
given and the polarity is reverse are connected. The microcontroller (PIC) is easy to use
because is no additional memory and no need to connect the buffer or latch circuit to

interface with the input or output device.

3.2.1 PIC 18F4550

The type of the microcontroller (PIC) that chooses for this project is PIC
18F4550, this PIC has 40 pins and has four ports. The PIC function when the 5Vdc is
apply and the oscillator is connect, the diode is add at the Vcc pin to avoid the damage
when the user incorrect connect between Vcc and Gnd. The port for this PIC is porta,
portb, portc and portd, porta is the special port because it has the analog digital
converter. The function analog digital converter is to convert the analog signal form to
the digital signal form because build in microprocessor only understand the digital signal
to function. Another port is use as the digital port, it only understand the logic 1 (5Vdc)
or logic 0(0Vdc). This port can be set whether input the output using the program
declaration. The oscillator is used to generate the frequency (pulse form) to the
microcontroller, the more high value of oscillator more fast the program or instruction
execute by the PIC. The pins 11 and 32 are connecting with the Vcc (5Vdc0), pins 12
and 31 are connecting with the Gnd (0Vdc) and the pins 13 and 14 are connecting to the
oscillator. The figures 3.1 below show the PIC 18F4550 pins.
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[+]
MCLRVPRIRE3 —= [ 1 ~ 40 [] «— RBTIKBI3IPGD
RAQ/AND +—[1 2 39 [] =——= RBEKBIZPGC
RAT/ANT +—=[1 3 38 [] =—= RBS/KBI/PGM
RAZ/AN2VREF-CVREF +—+[] 4 37 1 == RB4/ANT1/KBIOICSSPP
RAJANIVREF+ =—=[] 5 36 [1 =—= RBUANIICCP2VPO
RA4TOCKIC1OUTIRCY =—=[ & 35 [] =—+ RBZANS/INT2VMO
RAS/ANA/SSHLYDINIC20UT +—=[] 7 34 [ =—= RB1/ANT0INT1/SCKISCL
RED/ANSICKISPP «+—=[18 0o 33 [] =—= RBOAN1ZINTOFLTO/SDISDA
RE1/ANGICK2SPP =—=[] 9 Qw9 2Oe—Vo
REVANTIOESPP [ 10 & & k| —
Voo —=[f1 ®® 30 [] =—= RD7ISPFT/PID
Ves —=[12 QO 2§ [] =—= RDBISPPEIPIC
OSCICLK —= 013 oo 28 [] = RDS/SPPS/P1B
OSCUCLKORAS «——[] 14 27 [] = RD4/SPP4
RCOT10SQT1ACK] =—=[] 15 26 [1 =— RCTRX/OTISDO
RC1M10SIICCP2TOE =—[] 16 25 [] =—= RCBITXCK
RC2/CCPIPIA «—= 17 24 [] =—= RCAED+VP
Vuss -—[] 18 23 [] =— RC4ID-VM
RDOISPPO =—=[] 19 22 =——= RD3SPP3
RD1/SPP1 =—=[] 20 21 [] =— RD2SPP2

Figure 3.1: PIC 18F4550 Pins Diagram

3.2.2 Input and Output Port Used

The input and output use for this project are porta, portb and portd. The porta is
set as a input port, this port receive the signal from the sensor circuit. Porta ia a special
port for the all type of PIC because it use for the analog input, this port is use for this
project to given signal to the build in microprocessor, it convert the voltage level that
receive from the sensor circuit to the digital form and send to the microprocessor. The
maximum bit for ADC this PIC is 10 bits, this will define when the program is write.
The pin no 2 is use as a analog signal output. The portb is use as an output to give the
signal to the driver relay circuit to operate, it give the logic 1 (5Vdc) to the transistor to
operate the relay. The portc is also use as an output for the LCD display. The interface
with the LCD, PIC need use the special instruction in the program to operate the LCD.
The figure 3.2 below show the connection input and output device with the PIC.
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Figure 3.2: Connection Input and Output

3.2.3 Crystal Oscillator

Crystal Oscillator is electronic circuits that use the mechanical resonant of a
vibrating crystal of piezoelectric material to create an electrical signal with a very
precise frequency. This frequency is commonly used to keep track of time (as in quartz
wristwatches), to provide a stable clock signal for digital integrated circuits, and to
stabilize frequencies for radio transmitters and receivers. The quartz need to cut properly
to make sure that the amount of the frequency is reaches. When the voltage is applying
to the quartz it will beat and generate the frequency, the quartz crystal is behaved like a
circuit composes of an inductor, capacitor and resistor with precise of the frequency.
The quartz crystal is equivalent with the RLC circuit. The value of the crystal come to
many size (Mhz), it depend to the cutting of the quartz stone. The figures 3.3 show the

symbol and equivalent circuit for the crystal oscillator.


http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Quartz_clock
http://en.wikipedia.org/wiki/Quartz_clock
http://en.wikipedia.org/wiki/Clock_signal
http://en.wikipedia.org/wiki/Digital
http://en.wikipedia.org/wiki/Integrated_circuits
http://en.wikipedia.org/wiki/Radio_transmitter
http://en.wikipedia.org/wiki/Radio_receiver
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Figure 3.3: Symbol Crystal and Equivalent Circuit

3.3  Software and Hardware Implementation

Software that use for this project function to make the programmer easier to
write the program, the language used is C language. The C language is easy because the
programmer easy t understand the function of the instruction. The instruction is the word
that has the sir turn task for the microcontroller (PIC) to execute the task that has been

burn into microcontroller.

3.3.1 Microcode Studio

MicroCode Studio is a powerful, visual Integrated Development Environment
(IDE) with In Circuit Debugging (ICD) capability designed specifically for
microEngineering Labs PICBasic PRO compiler. The code explorer allows you to

automatically jump to include files, defines, constants, variables, aliases and modifiers,


mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/ICDOverview.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/CodeExplorer.htm
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/include.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/define.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/constants.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/variables.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/aliases.html
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symbols and labels that are contained within your source code. It's easy to set up your
compiler, assembler and programmer options or you can let MicroCode Studio do it for
you with its built in autosearch feature. Compilation and assembler errors can easily be
identified and corrected using the error results window. MicroCode Studio even comes

with a serial communications window

The In Circuit Debugger (ICD) enables you to execute a PICBasic Program on a
host PIC microcontroller and view variable values, Special Function Registers (SFR),
memory and EEPROM as the program is executing. You can toggle multiple
breakpoints and step through your PICBasic code line by line. The graphical interface is
built on microEngineering Labs debug architecture, which is both efficient and robust.
In this project, there are several steps that have to setup first before write the program

and compile it.

Step 1, below, is step to configure programming. In this project, we use
PIC18F4550. So, we must select configuration of PIC18F4550 in figure 3.4 below.

€7 MicroCode Studio - PICBASIC PRO (tuter1.pbp) 2Ed
Fle Ed el

LEDITOR OPTTONS] #
2009 [select VIEW...EDITOR OPTIONS] *
ved -

o Notes

nnnnn

Figure 3.4: Configuration PIC18F4550

Step 2, we must define oscillator 20MHz. It is because, in the project we use
oscillator 20MHz. Define ADC (analog to digital) 8 bits. ADC clock sample = 3 and
ADC sampleus = 50. Figure 3.5 below show how to setting.


mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/symbols.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/line-labels.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/Options.htm
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/ResultsWindow.htm
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/ComWindow.htm
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/ICDOverview.html
mk:@MSITStore:C:/Program%20Files/Mecanique/MCS/CodeStudio.chm::/ICDBreakpoints.html
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€ MicroCode Studio - PICBASIC PRO (Untitled. bas) M| (=1[ <

: File Edit ‘“iew Project Help
U2 B 9 =

Code Explorer - B | = wtorr | B untitled
23 Includes ' Author : [select VIEW...EDITOR OPTIONS] [~
= () Defines "4 Notice : Copyright (c) 2009 [select VIEW..
[B] oscC e : A1l Rights Reserved
(8] ADC_BITS T+ Date : 0FS08/2009
[B] ADC_cLoCk rd Versionm @ 1.0
[B] ADC_SAMPLEUS T4 Notes
| Constants "o E
& [ varisbles ¥k sk sk sk sk 3k sk 3k sk sk ok s 3k 5k sk ok ok F 3k 5k sk ok 3k R 3k ok sk ok 3k b 3k ok sk ok 3k b 3k ok sk ok 3k b 3k ok ok ok
[¥] ADWAL DEFINE osc 20 /SET THE VALUE OSCILLATOR THAT|=
[C Alias and Modifiers DEFINE ADC_BITS B, SET NUMBER OF BITD
= Symbols DEFINE ADC_CLOCK 3, SET CLOCK SOURCE
=2 Labels DEFINE ADC_SAMPLEUS 50 ;SET SAMPLING TIME
ADVAL VAR BYTE ;CREATE ADVAL TO STRORE INPUT DAT.
-
FAmm| Bl

() Ready =l tn11:calsa

Figure 3.5: Setting the Analog Digital Converter

Step 3, after all of setting has been configured, it may be able to be written
according to the flowchart of microcontroller based power factor correction Cart
program. Then after finishing write the program, it has to be compiling using the
compiler button or press F9. This action has to be perform because it can check whether
there is error or misuse command while write the program. The Figure 3.6 shown how to

compile and checking error.

@ MicroCode Studio - PICBASIC PRO (asd,pbp)
File Edit View Project Help

ok
DEFINE osc

HIGH porth.| | Li
PAUSE 500
LOW porth.
PAUSE 500

GOTO loop

< 31 [ >
) Assembling - MPASMWIN ) Ln13: Col 2

Figure 3.6: Compile and Checking Error
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3.3.2 PICkit USB Programmer

PICKit USB programmer is used to write (burn) PIC. The device is design to
interface between the computer and the microcontroller (PI1C). The USB port is used to
transfer the data from the computer to the PIC. This device has the PIC holder that used
to make sure the PIC’s pins connect with the holder. Figure 3.7 show the picture of the
PICKit programmer. There have five component to operate this device, first UICO0A is
used as a driver to interface between PIC and computer, second mini USB cable, third
rainbow cable to connect between UICOOA with the no five, fourth software installation
and user’s manual CD and fifth UIC-S socket board use to hold the PIC.

Figure 3.7: PICkit USB Programming

3.3.2.1 Plugging the Microcontroller (PIC)

The microcontroller must be plugging in the UIC-S socket with proper because
cause the damage to the microcontroller (PIC) if the wrong instruction use. There have
two types to program the PIC, first if the pins of the PIC if less than 18 pins the switch
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of the bottom must be select 18 pins and the microcontroller (PIC) must be put at the
UIC-S socket as show in the figure 3.8. The first step, place the PIC at the UIC-S socket,
second make sure that the dot mark at PIC is the right as show in the figure (2) above
and the last is make sure that the switch is select at the 18 pins direction like show in

figure.

Figure 3.8: Plugging 18 pins PIC

The second type is the PIC pin is 28 to 40 pins, the switch must be select at the
28/40 pins. The figure 3.9 below show the PIC has the 40 pins put at the UIC-S socket.
The first step, place the PIC at the UIC-S socket, second make sure the dot mark at OIC
is the right side as show in figure and third is make sure the switch is select at the 28/40

pins direction.

Figure 3.9: Plugging 40 pins PIC
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3.3.2.2 Program the PIC Microcontroller

To program the PIC using the PICkit USB programmer, the Hex file must be
produce first. The Hex file is getting from the microcode, where the C language is write
and the language is compile using the compiler that has in the microcode. After C
language is compile and the error has been check the Hex file will exist, this Hex file is
at the where the Sps file is save. The software PICKit is install in the computer using the
instruction that stated in the CD. Finish the installation the icon PICKkit appear in the
desktop, double click the icon and the software is running, it automatically detect the

PIC that place at the UIC-S socket as show in figure 3.10 below.

I PICKit 2 Programmer - UICOOA rev1.0 =JOEd
File Device Famly Frogrammer Tools  Help

FICTEF Corfiguration

Device PICTEFA550 Corfigwation: 050N TFIF 8300 Ongs

UserlDs FF FF FF FF FF FFFF FF S

Checksum 8356

PICKit 2 connected. ID = UICO0A revi.0 @ MICROCHIP

PIC Device Found

0 ] VDD Target
[] Check
[_Read | [ wite | [ wvery | [ Erase | [ BlankChesk | | [ mcLr

Program Memory
[7] Enabled [HexOry || Source: [Mone [Empty/Erased)

oooo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF |~
0olo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0020 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0030 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0040 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0050 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
00&0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0070 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0080 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0090 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
00&0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
00BO FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF [

EEPROM Data
Enabled [HexOrly |+

00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF %
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

Figure 3.10: Plckit Programmer

Before the Hex file imported, the PIC nee to blank check first to make sure that
there no program that exist in PIC. If have the program in the PIC the program need to
erase first, to erase the program the erase button is press. The erase is complete when the
no blinking red LED in the UICOOA. Then the verify button is press to verify the PIC is
located at the right pins. Lastly click file at the top of the PICkit program and choose
import Hex. After Hex file is import the button write is press to write the program to the

PIC. The red LED is blink at the UICOOA and when red led stop blink the green LED id
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turn on, it show that the program is completely transfer to the PIC. This called burn

process. The figures 3.11 above show the import Hex file to PICkit programmer.

w PICkit 2 Programmer - UICOOA rev1.0

=)

ChrQ

Checksum: 8358

FFF

File | Dewice Family  Programmer  Tools  Help
Import Hex ChrHI
t Hex Chrl+E

Configuration: 0500 1F1F 8300 0085
COOF  EOOF  400F

[

[ Fead ][ Wiike H Verity ][ E== H Blank Check I

Program Memory

Enabled | Hex Only

w

Source:

Mone [Empty/Erased|

ﬁ'\ MICROCHIP

WDD Target

[] Check
[ /MCLR

oooo FFFF
oolo FFFF
oozo FFFF
0030 FFFF
0o4n FFFF
0os0 FFFF
0060 FFFF
[alu)ei] FFFF
0080 FFFF
[alal=li] FFFF
0040 FFFF
00E0 FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF
FFFF FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF

FFFF -

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

CEDDN N

Figure 3.11: Import Hex File

34  Summary

This chapter explains about the function of the PIC as the control element, there

have four port at the PIC which is porta, portb, portc and last portd. Porta is the special

port because it analog input, this port function to interface with the analog signal that

produce from the input circuit. Microcode studio is the software that used to write the C

language, the user is easier to write using this language compare to the assembly

language. This software also converts the Sps file to the Hex file. The programmer

PICKkit is used to program the PIC, it functions to interface between the PIC and the user

computer. The Hex file that produce from the microcode studio is imports to this

programmer and transfer to the PIC with press the write button.
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CHAPTER 4

DEVELOPMENT OF AUTOMATIC POWER FACTOR CORRECTION
DEVICE

4.1 Introduction

This chapter explains about the hardware design include the power supply
circuit, PIC controller circuit, current sensor circuit and driver relays circuit. This
chapter also explains about the software design that used to program the microcontroller
(PIC) that using the C language, PIC18F4550 and the complete operation of the project
system.

4.2  Project Flow

The project begins with study the equipment in the house that uses the inductive
component to operate. The inductive component in the house such as washing machine,
air-conditioner and refrigerator, all this component make the power circuit in the system
has a power factor. The lagging power factor is happened when this equipment running
and also draw more current. To prevent this happen the power factor correction
technique is studies, according to the power factor correction the lagging power factor
can be improve to unity by adding the capacitor series with equipment. The value of the
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capacitor is determined depending to the load that running in one time. This can be
avoiding from the power factor become leading. The leading power factor is also
become a problem, the capacitor become a load and also draw a current. The sensor is
used to sense the current in the system, the type of the sensor is Hall-effect current
sensor. The rating of this current sensor is up to 50A, which is suitable for house
application. This current sensor converts the current signal into voltage form that
suitable for PIC. The analog input PIC is used to monitor the current in the system. The
microcode studio is the program that used to write the program to the PIC. It converts
the pbp file to hex file. This hex file used to program PIC using PICkit programmer.
Before program is writing we need to study the features of the PIC that used. After
programming is finish the hardware is test using the single phase motor that located in

the library.

4.3  Proposed Design

Current Sensor

circuit

AC Power Inductive Load
line 240V ac 240Vac
¥

Power Supply svdc v

240-12 > Microcontroller

regulated 12vdc PIC18F4550
& ovdc
¥
12vdc Driver Relay .|  Capacitor

Circuit

Figure 4.1: Propose Design of APFC

Figure 3.1 above show the proposed design for single phase automatic power

factor correction device. It divide into four parts, the first part is power supply. The
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power supply design to supply the voltage to the microcontroller and the driver relay
circuit. The transformer is used to step down the voltage 240Vac to 12Vac and the
bridge rectifier to rectify the AC to DC. There have two voltage regulator, first is
regulate 5Vdc to supply to the microcontroller and regulate 12Vdc to supply to the
driver relay circuit. The second part is current sensor circuit; the current sensor is
specially design to the microcontroller to interface with the ac lines power because it
produce maximum voltage 5V, for example rating current sensor 50A maximum the
output voltage is 5V. This part is monitoring the current in the system and gives the
signal to the microcontroller in the voltage form. In the part also has a bridge rectifier to
rectify the signal that produce by the current sensor (AC voltage) into DC voltage. This
process to make sure that the program is not complicated and more accurate to compare
with the interface with the AC voltage. The third part is microcontroller part (PIC), the
PIC function as a brain of the system it analyze the signal input that given by the current
sensor circuit and given the output signal to the driver relay to insert the capacitor in the
system. The fourth part is driven relay circuit. This circuit is use to interface between the
relay and the output of the microcontroller using the transistor, the relay is used the
12Vdc to operate. The signal from microcontroller is used to turn on the transistor and

when transistor on automatically relay function.

4.4  Hardware Design

Hardware designs are dividing in four parts. The first part is design the power
supply part by using the Orcad for simulation. The second part is current sensor circuit
by using the same method of simulation. The third part is constructing the PIC circuit

and finally the fourth part is driver relay circuit also simulates using Orcad.
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4.4.1 Power Supply

In this part, a power supply is developing to give supply to microcontroller (PIC) and
the driver relay circuit. The transformer is use to step down the 240Vav to 12Vac, the
12Vac voltage is rectifier using the bridge rectifier. The full wave rectified flow to the
capacitor to make the signal become DC wave, the function of capacitor is to eliminate
the ripple that exist acting like the low pass filter. The more large size of capacitor more
ripple is eliminated and smoother DC is getting. After the ripple is eliminate the voltage
regulator is use LM7805, this regulator is function to maintain the output voltage to
5Vac. This is important because PIC only function well in this voltage level, if the
voltage for PIC exceeds the 5Vdc the PIC will blow and damage. The voltage regulator
can support up to 24Vdc, if more the voltage regulator will blow. The relay that use is
need the 12Vdc to function, the supply for this circuit is taken before the voltage

regulator. Figure 3.2 below show the simulation of the schematic power supply.

Output
12 Vdc

AC 240Vrms Output regulated

5Vdc

Transformer
240Vrms: 12 Vrms

Figure 4.2: Schematic Power Supply
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4.4.2 Current Sensor

Current sensor is use to interface the AC line with the microcontroller (PIC), the
type of current sensor is use a ACS 754Xcb-050, this type of current sensor support up
to 50A current rating which is suitable for this project. This sensor is connect series with
the ac, inside this sensor it has the build in current transducer that function to detect the
strength of the magnetic field produce by the wire when the load running. The AC lines
are connecting with the terminal no 4 and no 5. This current sensor use 5Vdc supply to
operate (pin no 1). The amplifier is amplifying the signal from current transducer and
send to the low pass filter. This filter use to reduce the harmonic and send to the pin no 3
to the output signal. If no current is detecting the output voltage is 2.5V. This output pin
produce the Vac but in small voltage. Figure 3.3 below show the block diagram of the

current sensor.

+5V

IP- l:fcc
N }Ie_rﬂnndl 5 ___ L Pin

Voltage
Regulator
To all subcircuits —

vour

3c
= 2
S+ 5 Pin 3
o= if out > "
E N
: o) E g 0.1uF
I £a AT ’
v a
P
N Z
. Temperature .
I [oet]
Trim Control
P+ GND
Terminal 4 Pin 2

Figure 4.3: Block Diagram Current Sensor

To make this current sensor easier to use the output pin is connect with the bridge
rectifier , the output of rectifier is connect with the capacitor to eliminate the ripple and

the smooth DC voltage is getting. This make current sensor more easy to interface with
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the PIC, the porta at the PIC is use to connect with the DC voltage that getting from
rectifier. Porta is an analog input for PIC that use in this project. Programming is also

easier if compare with the DC input voltage with the AC input voltage.

4.4.3 Driver Relay Circuit

Driver relay circuit is use to interface between the microcontroller (P1C) with the
relay, because the relay that used in this project is 12Vdc to operate. The outputs signal
that microcontroller produce (PIC) from the output pins is only 5Vdc. The control
element that use is transistor, transistor is acting like a switch when the signal is given at
the base pin. There have to type of transistors, first PNP type. It turns on (fire) when the
logic zero or OVdc is given at base pin and allow the current through from the collector
pin to emitter pin. The second type is PNP type, it operate when the logic one or 5Vdc is
feed at pin base, transistor turn on and allow the current through from emitter pin to
collector pin. The type of transistor is use in this project is NPN, because is easy to
program and more simple circuit. The diode is connecting between two coil pins because
to make sure that the relay is totally energize or deenergize. The Figure 3.4 below show

the circuit diagram of the driver relay circuit.
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Figure 4.4: Schematic Driver Relay Circuit

4.4.4  Control Circuit

This is the most important part because these part functions as a brain of the
system. The microcontroller (PIC) fully functions when the two Vcc, two Gnd and one
oscillator is connecting. The 5Vdc Vcc is connecting to the pins 11 and 32, OVdc or
ground is connecting at pins 12 and 31. The oscillator is use to generate the frequency
for microcontroller to function, the bigger value of oscillator faster the microcontroller
execute the operation. The value for oscillator is use in this project is 20MHz that
connect at pins 14 and 15. The microcontroller monitors all the changing of the input
voltage that produces by the current sensor circuit, the changing current in the power
circuit effect to the output voltage that produce by current sensor. This signal is send to
the analog input PIC. The 8 bit ADC use for this project, it means OV represent Obit and
5V represent 255 bits. The microcontroller analyze the voltage from the input that feed

through the porta input pin, it working to send the signal (5Vdc) to the input pin and the
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driver relay circuit to operate. Figure 4.5 below show the connection between PIC with
input and output.
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Figure 4.5: PIC with Input and Output Connection

4.5 Flow Chart

This project being with the current sensor read the value of the current in the
power circuit and determine the value of the current and convert into voltage form. This
value of the voltage is feed to the microcontroller (PIC). The PIC analyzes the signal and
given the output to the driver relay circuit. If the current in range 4A < | < 6A the
microcontroller PIC send the signal to insert one capacitor in the system, and if the
current below that 4A return to the analyze signal again. Second is if the current in range
8 < I < 10A the microcontroller (PIC) switch on two relay which insert two capacitor in

the system, and if this condition not meet rules the PIC test input again. Third is if the



34

current in range 12A < | < 14A the microcontroller (PIC) switch on three relay which
insert three capacitor in the system. This flow always feedback to maintain the inductive
load running with the inserted capacitor in the power line. Figure 4.6 below show the
flow chart of the system.



35

No

If current

No

4A<| <6A

One capacitor on

v

If current

A

No

8A<| <10A

¢ Yes

Two capacitors on

!

If current

A

12A<1 <14A

l Yes

Three capacitors on

Figure 4.6: Flow Chart of the system
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4.6 Hardware Operation Process

The operation process begin with the power supply, the power supply is used to
given the supply voltage for PIC to working. The step-down transformer is used to step-
down the voltage from 240Vac to 12Vac, the bridge rectifier is used to rectifier the ac
voltage into full wave rectifier. The voltage regulator is used to regulate the voltage for
supply to the PIC to make sure that the voltage supply to PIC is maintaining 5Vdc. The
supply 12Vdc is used to supply to the relay. The current sensor is supply 5Vdc, if no
current through the output voltage is 2.5V, every 1A current increase the output voltage
increase 0.05V. The microcontroller monitors the output voltage increase and it executes
the instruction when the condition in the figure 4.6 is satisfied. If the condition 4A <1<
6A satisfy the microcontroller (PIC) send the signal to the driver relay circuit. The
drivers relay turn on one relay and insert on capacitor in the system. It the same if
condition 8A < | < 10A and condition 12A < | < 14A, but the value of the insert
capacitor is different 2 capacitors for 8A < | < 10A condition and 3 capacitors for 12A <
I < 14A condition. This process always feed back to make sure the value of the
capacitor insert in the system is correct with the running motor and to avoid from the
leading power factor.

4.7 Summary

The development of power factor correction is begin with identify the inductive
component in the house. Then the power factor correction technique is study to
overcame the lagging power factor thus to reduce the using current when the motor
running. The current sensor is a suitable input device that used to interface with the PIC
because the max output produce by current sensor is 5V. The software microcode studio

is used to write the program and convert into hex file. The analog digital converter
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(ADC) is used to write the program and to interface between the input signals with the
PIC. The flow chat is build and the value of the capacitor is determined and the value of
the current running is known. The program is write in the microcode studio is referred to

the flow chart in figure 4.6 below.
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CHAPTER 5

RESULT AND DISCUSSIONS

After completing the project, the result is so impressive where all expected
results are achieved. The system can detect and improve power factor. Also that, the

program is successfully developed.

51 Result of Power Supply

In this part, a power supply is developing to give supply to the microcontroller
and relay. This to make sure the potential decrease the sensitivity will change if the
supply is not enough. The LM7805 is a voltage regulator which is for regulate and

stabilize the voltage to the circuit.

The power supply get a source from ac supply (240V/50 Hz).then go through
transformer to step down the voltage to 12Vrms. switch is to control an AC voltage
before is rectifying by bridge rectifier. After that a steady DC voltage is obtained by
bridge rectifier the AC voltage.



39

The voltage regulator LM78L05 is to reduce a DC voltage from filtering
sections. The regulation is usually obtained from an IC voltage regulators unit, which
takes a DC voltage and provides a somewhat lower DC voltage, which remains the same
even if the input DC voltage varies or the output Load connected to the DC voltages
changes.

The 15V we connect to relay because we use 12VDC to energize the relay. 5V
use as supply to microcontroller PIC 18F4550. The result we can show below.

Figure 5.2: Result Output LM7805
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5.2 Result Current Sensor

Result from the current sensor circuit we can obtain using multimeter. When the
current flow into current sensor and produce the magnetic field. The magnetic fields are
analyzed and convert into voltage form. The rating current sensor that used for this
project is 50A, which means for every 1A current increase the output voltage increase
0.05V. The current sensor is tested using DC motor, because the current from this motor
can varied by using the pressure as a load connected to the shaft. The result of the

current sensor is show table below.

Load (psi) Current (A) Output Voltage (Vout)
0 1.55 2.50
20 2.05 2.52
40 2.72 2.55
60 3.42 2.59
80 4.30 2.63

Table 5.1: Output Current Sensor

5.3 Result for Power Factor Correction

There have two inductive load is used to test this project. The first one is
inductive load (motor) that has a 600W real power. The running current is measure using
the clamp mete before the power factor correction circuit is on. The current draw is 3A,

blow show the figure for current draw.
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Figure 5.3: Current Draw before APFC function (600W)
After the automatic power factor correction function the current form 600W
motor is reduce to the 2.7A. That means the power factor for this load is improved,

below show the current draw after APFC function.

ISR a

KEW SNAP 2000 _
i

Figure 5.4: Current Draw after APFC operated (600W).

The second is inductive load (motor) has a 13200W real power. The running
current is measure before the APFC operate using clamp meter. The value of running

current measure is 7.1A, below show the current draw before APFC function.

1

A
1

Figure 5.5: Current Draw before APFC operate (1.32KW)

After the automatic power factor correction function the current draw from this
1.32KW) load is 6.6A. That means the power factor is improved, below show the

current is measure after the APFC operate.
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NI

Figure 5.6: Current Draw after APFC operated (1.32KW).

5.4  Analysis of the Load Tested

The analysis for this project is to determine the power factor after the capacitor is
inserted in the system. The first is the analysis for the 600W motor; the apparent power
is calculate by multiplying the load voltage with the load current. Determine the power
factor with real power is dividing with the apparent power. The value of the apparent
power before the APFC device function is calculate first, below show the calculation

before using APFC device.

S=1V
S= (3 x 240)

=720 VA

Power factor = Real power
Apparent power

=600
720

= 0.833 pf
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After the automatic power factor correction operates the apparent power is also
calculate to find the new value of the power factor. Below show the new power factor
after the APFC device operate.

S=IV
S= (2.7 x 240)

=648 VA

Power factor = Real power
Apparent power

=600
648

=0.92 pf

From the calculation we can see that the automatic power factor correction
device is operating well and improving the power factor. The second analysis is 1.32KW
motor. The same procedure with the 600W motor is made; first determine the apparent
power by multiplying the load voltage with the load current. Determine the power factor
with dividing the real power with the apparent power. Below show the calculations
before APFC device operate.

S=IV
S= (7.1 x 240)

= 1.704kVA

Power factor = Real power
Apparent power
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= 0.77 pf

The same procedure is also taken to calculate the power factors after the APFC
device operate. The new value of power factor is determining using calculation below.
S=1v
S= (6.6 x 240)

= 1.584kVA

Power factor = Real power
Apparent power

= 1.32kW
1.584kVA
=0.833 pf
From this calculation we can see that the value of the power factor is improved,
by the power factor is still low because the value of the capacitor that used is not enough

to improve the power factor. Below show the result for tested load.

Table 5.2: Result for Tested Load

Power (W) Current Before | Current After Pf before Pf after
APFC operate | APFC operate Correction Correction

600 3A 2.7A 0.833pf 0.92pf

13200 7.1A 6.6A 0.77pf 0.83pf
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55 Discussions

After all the analyses have done, some of the required thing must be discussed.
The power factor exists when the inductive load running. The lower power factor causes
the more current draw by load. Before the APFC device operates the current is draw
more and after the APFC device operates the current became lower. Those show the
power factor is improved. For the 1.32KW motor the pf before improve is 0.77 and after
improve with insert the capacitor the pf become 0.83. The power factor for this motor is
still low because the value of the apparent power that used is not suitable with the value
of the capacitor that used. To overcome this problem the bigger value of capacitor is

needed, but to determine the value of capacitor some calculation is needed.

5.6  Summary

The power supply is developing to give the power for microcontroller (PIC) to
operate, which means the constant 5Vdc is needed to make PIC operate well. The 12Vdc
is used to operate the relay. The current sensor is the most important thing because
giving the input for the PIC. The current senor automatically converts the signal into
voltage form, this important to interface with the microcontroller. There have two types
of motor that used to test APFC device, first is 600W motor. The 600W motor draw 3A
running current before APFC device operate, after operate the current is reduce to 2.7A.
The power factor from 0.83pf is improved to the 0.92pf. The 1.32KW motor draw 7.1A
running current before APFC device operate, after operate the current is reduce to 6.6A.
The power factor is improve from 0.77pf to the 0.83pf.
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CHAPTER 6

CONCLUSION AND SUGGESTIONS

6.1 Conclusion

The objectives of the development of automatic power factor correction device
were successfully fulfilled. The operation of automatic power factor correction device is
make the current that draw by inductive load (motor) is reduce and effect to the
electricity bill and also reduce the life cost. This project utilized the use of
microcontroller PIC, current sensor and driver relay circuit has successfully integrated
between each other. In other word the synchronization between each circuit which is
power supply circuit, sensing circuit, driver relay circuit and LCD make it can operate
with each other without any problems. The combination knowledge of analog
electronics knowledge, autotoronic knowledge, microcontroller knowledge and
individual self skilled method to create the new circuit is important in order to make this

project success.

PIC 18F4550 is the brain of the system make the system more reliable for
modern technology and the input, output, timer and delay for the system can be adjusted
by changing the programming command. This means this PIC can be used almost for all
application such as control security system or to develop power electronic device. This
also can reduce the power consumption in the house with precise without disturb the

stability of the system controlled by microcontroller PIC.
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Suggestion

There are several suggestions to improve the automatic power factor correction

device in the future.

6.3

For the improvement process the student must study the new automatic
power factor correction device in detailed and make sure every flaw of
the of this APFC can be fix and thus a new upgrade can be done to make
APFC more effectiveness.

To get the more prices value of the power factor, the integrate circuit that
can be able to determine the power factor must be used.

The used of Hall Effect current sensor is already proven successfully, so
in the future it is recommended using current sensor but different rating.
The currently current rating for current sensor is 50A with input 5Vdc. In
the future it is better used 30A because every change in current is more
precise to detect and giving the output voltage for microcontroller.
Replace the PIC 18F4550 with the PIC18F2550. It due to the PIC
18F2550 less port compare to PIC 18F4550 which are 40-pins over 28-
pins. The PIC 18F2550 is enough to interface between driver relay and
current sensor circuit.

The current reduce after the insert capacitor in the system can be display

to show that the project is successful.

Costing and Commercialization

This will describe the overall cost for this project. This part also will explain the

commercialization of project.
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6.3.1 Costing

Table 6.1 below show the cost of the component and the total cost for build this

project.
Table 6.1: The cost of components
Device Qty | Model Unit Manufacture Unit Extended
cost(RM) cost (RM)

Transformer 1 T1201 -230V,50Hz - | TELETRON 10.00 10.00

Vo

112 -0 - 12

Output

-Power

16 VA
Bridge 1 KBPC600 | -Vrrm:50V INTERNATION | 6.60 6.60
Rectifier 5PBF -Current AL RECTIFIER

Rating: 6A
Capacitor 1 -470uF 0.15 0.15
Capacitor 2 -10uF 0.15 0.70
Capacitor 1 -1nF 0.15 0.15
Voltage 1 LM7805 -+5V dc 1.00 1.00
Regulator
LED 3 0.10 0.30
Resistor 4 2kQ 0.10 0.40
Resistor 3 4700 0.10 0.30
Variable 1 20kQ 1.00 1.00
Resistor
Zener Diode 1 5.1V 0.50 0.50
PCB Header 4 1.00 4.00
LCD 1 2X16 15.00 15.00
JHD16A

PIC 1 18F4550 Microchip 30.00 30.00
Connector 2 1.00 2.00
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Zif socket 1 15.00 15.00
Fuse 1 0.3A 0.20 0.20
Wrapping wire | 1 15.00 15.00
Capacitor 3 10uF 8.00 24.00
motor

Total 126.30

6.3.2 Commercialization

This project can be commercialize by built the APFC that follow the features that
have been recommended in the suggestion section, it is due to the target cost of the
recommended the APFC is more efficient. The APFC has the high commercialize

because it can reduce the electricity usage and also reduce the electric bills.
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DATA SlH

L

2N3904

NPN switching transistor

=1

Product specification
Supersedes data of 1999 Apr 23
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PIC18F4550 MICROCONTROLLER, ADDRESSING MODES AND
INSTRUCTION SET

MICROCHIP PIC18F2455/2550/4455/4550

59

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

USE V2.0 Compliant

Low Speed (1.5 Mbvs) and Full Speed (12 Mb/s)
Supports Control, Interrupt, lzochronous and Bulk
Transfers

Supports up to 32 Endpoints {168 bidirzctional )
1-Khyte Dual Access RAM for USE

On-Chip USE Transceiver with On-Chip Yoltage
Regulator

Interface for Of-Chip USE Transceiver
Streaming Farallel Port (SPF) for USE streaming
fransfers (40/44-pin devices only)

Power-Managed Modes:

Fun: CPU on, peripherals on

Idie: CPLU off, peripherals on

Sleep: CPU off, peripherals off

Idle mode currents down to 5.8 wA typical
Sleep mode currents down fo 0.1 pA typica
Timer1 Oscillator: 1.1 wa typical, 32 kHz, 2V
Watchdog Timer: 2.1 w& typical

Twao-Speed Oscillator Start-up

Flexikle Oscillator Structure:

Four Crystal modes, including High Precision PLL
for USE
Two External Clock modes, up to 48 MHz
Internal Cecillator Block:
- 8 user-selectable frequencies, from 31 kHz

to 8 MHz
- User-tunable to compensate for frequency drift
Secondary Oscillator uging Timer1 @ 32 kHz
Dual Oscillator options allow microcontroller and
USE module to run at diferent clock speeds
Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

High-Current Sink!/Source: 25 m&J725 ma

Three External Interrupts

Four Timer modules {TimerD to Timer3)

Ug to 2 Capturs/Compare/PWM (CCP) modules:

- Capture is 16-hit, max. resolution 5.2 ns (TCYME)
- Compare is 16-bit, max. resolution 83.3 ns (TCY)
- PWM ocutput: PWM resclution is 1 to 10-kit

Enhanced Capture/Compare/PWK (ECCP) module:

- Multiple output modes

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bugs support

Master Synchronous Serial Port (MSSF) module
supperting 3-wire 2P| (all £ medes) and [<C™
Master and Slave modes

10-bit, up to 13-channel Analog-to-Cigital Converter
module (A/D) with Programmable Acquisition Time
Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 ErazefNrite Cycle Enhanced Flazh
Program Memory typical

1,000,000 Eraze/Write Cycle Data EEPROM
Memory typical

Flash/Data EEPROM Retention: = 40 years
Salf-Programmable under Software Control
Priority Levels for Intermupts

3 x 8 Single-Cyele Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 1312
FProgrammakle Code Protection
Single-Supply 3V In-Circuit Seria
Programming™ {IC5P™) via two pins
In-Circuit Debug (ICD) via two pins

Optional dedicated ICOVICSF port (44-pin devices only)

Wide Operating Veltage Range (2.0 to 5.5Y)

Program Memony Diata Memory MSSP = é
_ . 10-Bit |CCR/ECCP g Timers
Device | Flash |# Single-Word | SRAM |EEPROM | VO | uip on rpwmy | SFF | oy Master| 5 E SME-Bit
(bytes)| Imstructions | (bytes) | (bytes) o™ E i
FIC1EF2455 | 24K 12288 2045 266 24 10 210 Mo L i 1 2 113
PIC18F2550 | 32K 16324 2048 266 24 10 210 ] b i 1 2 113
FICIaF4455 | 24K 12288 2048 266 a5 12 11 ez b i 1 2 13
FIC12F4550 | 232K 16334 2048 266 a5 12 11 ez b i 1 2 13

2 2007 Microchip Technology Inc.

Preliminary
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PIC18F2455/2550/4455/4550

61

TAELE 1-1: DEVICE FEATURES

Faziurss FIC13F246E PICA1EFZEE0 PIC1EF4456 FIZ18F4BED
Cperating Freguency DO — 48 M=z DT — 48 MHz Do —4& MHz e — 48 M-z
Frogram Memory [Bybes] 24ETR J2TER HETE ZTEA
Program Femory (Insnaciions] 12288 15324 12288 1382
Diaria Memory [Bytes] 08 2048 20E 2048
Diaia EEFRCH Kemory |Exies) bt ZEE. SEE. i
Interrupt Sowres 13 13 210 20
1’3 Pors Foris A B, G, (E) | Porls &, 8, C, (E] |Pors & B, C D E| Fofs A B, S 0 E
Timers 4 4 4 4
CaphureTomzars P kosdules z - 1 i
Enbanced Capiunsy [ [ 1
ComparaFivid Modules
Serial Communications MESF. IMESP. MEBEF, MSEF

Enfianced LISART | Enhancessd LISART | Enhanced USART | Enhanoed UBART

Uinkearsal Seral Bus {JUES] 1 1 1 i
hiztulz
Sirsaming Faralel Fort (5FF) Mo Ho hi= ! Yieg

13-EI Aralog-fo-Cigial Modul=

10 Inzest Chanmeis

10 Input Channeis

13 Input Channeis

13 Input Chanreks

Companalons

-

-

-
-

-

Resels (and Dedays) FOR, BOR, FOR, BOR, FOR, BOR, FCR, BOR,
BESET Inslrucfion, | RESET Insinuciion, | REEET Instudion, | reseT Instructon,
Siack Full, SRack Full, Sk Fu Sk Full,
Siack Underfiosy | Slack Underfosy | Slack Undefiowr | SRack Underfow
(FWNHT, DET), (FWNFT, OET) | PRI, ST (FARIST, O8],
TCLH {optonal), | WCLH {optional, | FCLH (oplionan, | TACLH (op@oral),
WOT WOT WOT WIOT
Frogrammable Low-voiags g g hi= ! Yieg
[nl__ui
Frogrammable Epowr-oul Aeset g hi ! bl Yes
Insirucion Set 75 Instruchons; TE Instrucians; 75 Irslruciions; 75 Insructons
B3 wilh Exierded | 83 with Exiended | 23 with Exierced | 23 winh Exdended
nsfruction Sad nsuction st rsiructon Saf Instnaciion Set
enabled enabied enatied ersables
Packages Z5pin FTIP 25-pin FTIF &7 -pin PzIF 40pin FCIP
28-pin B0IC ZEin S0IC 44~pin GFH 44-pin QFH
dd-pin TG dad-pin TEFP

D LUC T Ricsech p Tach=okegy I
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PIC18F2455/2550/4455/4550

FIGURE

-2 PICA1EF 445574550 (40/44-FIN) BLOCK DIAGRAM
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PIC18F2455/2550/4455/4550

TEBLE1-2:  PIC1BF2455/2550 PINOUT IND DESCRIPTIONS

63

Fin
Yumber
Fim | Suffar
Fir Hama CacoripSan
POIF, Typa | Trp= P
30IC
MOLR PRRES 1 fdacher Clear | impui) or programming woilage (npuf).
|7 b BT Masher Clear {Fmgel) Input This pin is an acfive-los
Feged bo the devios
VP F Frogramming sofage Input
REZ BT Digkal Inpr
CEC1MCLE 5 Csdliaior crysial or exiernal clock Input
DECH Arakg Crsacil labor crysial Input or sxl=rnal dock sounce input.
CL¥l Anakog Extemnal Ciock soute Input. Avays associated wih pin
fanclion ST, {Beas DECACLED pin.|
CEC2CLEDRAS 10 Tsdliator crysfal or clock guipet
oEC2 O — Crgcil labor crysial csfpul. Comneds b orpsial or resonaion In
Crysial Cscliafor mods
CLED o — n seect modes, GECT pin oufpuls CLES which has: 104 the
Fequency of OECT and denofes T Inslucon cyde mal=.
FLig L TIL Seneral purpose L2 pin.
Lagand: TTL = TTL compatbls Input CMTE = CWCE compatible: Inpot or ouipet
BT = Schmilt Tigper Inoufl wiin CRCS leysis | = Input
o = Cazipul P = Fower
Hote 1; All=mai= assignmen? for CCP2 when COFZNEE Cormdiguration bt |s cl=ared

Dtz asslgnment for S0F2 winen COPZRUE Configurabon bl |5 a8

S IETI pige 12 Preliminary o T Wieselip Tachnskegy e
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PIC18F2455/2550/4455/4550

TESLE1-3.  PICTAFL4354550 PINDUT IO DESCRIPTIONS

Fin Nurmber
Fir Hame Fin | Butar Decoription
PO | @ N | TaFF | T¥Re | Tvee
MCLRAWPRES 1 1& 1& Slasier Clear (Inpul) or programming sofaps (imputl.
MCLR | aT kasier CTlear (Feset] Input. This pin 15 an acise-loa
Resel o e device.
- F Frogramming vollsgs impul.
REZ | aT CHiglial Input.
CESCARTLE] k| 32 20 Csclishor orystal or evtemnal ciock Input.
CESC I |Arelog|  Cscliator crysial inpul or svisnnal oock sounce Input
CLE I |Arslog| Ewemal clock souncs impul Absays associzied win
pin funcBor G, (Ses CECTLNG pin.
OECITLNORAE e 33 g Cechizhor orystal or dock culput
[ =t o — Caclianor orystal outpot Conmecs 1o crysial or
rescnalzr in Crystal Csolalor mode,
CLED (=] —_— In RC miode, $ECST pin oupuis CLED which has 12
Ire= demzuency of 3501 and denobes e insiruciion
Lyl o,
RS IS | TTL Genemal purpose S pie
Legend: TTL =TTL compatbie mpul CHROE w CATE compaiibls Inpact or outoet
ST =Echmil Trigger Inpul with CHMOE levels = rpast
O = Culput F = [FORer

Mot 1: Albemale sssignment for SOF2 wifeen COP2AE Configuraton bR [ ceaned.
Z  Defaul assignment for SEFZ when SCP 2N Sonfigeration B s set.
3 Thess ping ar= Mo Connect unlsss the IDFAT Configumalion bt s set, For HCASFORTE, the pin is Ro
Conmeclunb=ss [CPRT I set and the DEEG Confguration bl is cheansd.

CEINESIDepags 18 Preliminary o Y Wisschip Tas lnskegy e



PIC18F2455/2550/4455/4550

TEBLE 1-3  PIC1EF4455/4550 PINDUT D DESCRIPTIONS [CONTINUED)

Pin Humier
7In Hams Fin (Zartar Desoripion
FOIP | GFN | Tarr | TrP® | Tree
FOATA [ a bidirecHonal WO port
FLACVANID 2 15 5
RLAD Iz | TTL Dighal G,
A Araiog| Anakcg Rpuld
FLAATAMA 3 i 1 aC
A Iz | TTL DugRal g,
AR Araiog| Analog kputi
LA AN 2R £ F3 s
CvRer
LAz I | TTL Digial i,
AR Araiog| Anakog bpul 2
vnRor- Araiog| ADreference volage (low] input
Cinor O |Araiog| Analog ocomparstor pederemos oulput
RASAMEAREE+ 5 2 22
LA I | TTL Digial i,
e Aralog|  Analog mpul =
YREr+ Analog AT reference volage (high Inpek
LA TOCK LS OIS B fric 23
RCW
FLAsd 1z ar Dighal G,
TOCHK ar Times] sxi=mal dock Input
CASUT o —_ comparaior 1 oulput
REC TTL Exi=nnal UEB fansoelver RCY Input.
FLASIAMATEE T 4 24
HLW DRSS Z3OUT
RLAS Iz | TTL Dighal G,
Al Analog Anakog mput £
53 TTL BPI simie selech Input
HLY DN Araiog| Hghilow-volkags Deiect mput.
C2oUT o —_ Cromparaior Z oulput
RLAE — —_ — —_ — Eee e CECICLECYRAS pin.
Lagand: TTL = TTL cormgatcds input CMOE = CRICS compatible input or outpul
BT = Schmif Trigper input wilh TMOE ez = [rput
O =gt P = FoweEr

Hobte 1: Al=mai= assignment for CCP2 when SOFZRE ConTguration bt |s cl=amed
2 Dyl sssipnment dor OOF2 winen COPZAME Configurabion bE [5 5a8
3: Thess pins ars Ko Conrect uniess he ICERT Configura@on it s set. Sor MOACEORTS, ine pin Is Ko
Conreci unkess ICPAT Is 521 and 7= CEELUG Configurabon bi |5 cieaned.

]
o T Hissdiip Tacheskgy I Preliminarny DSBS 320 g 17
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PIC18F2455/2550/4455/4550

TaSLE 1-3: PIC1F4455:4550 PIROUT 10 DESCRIPTIONS [CONTINUELD)

Fir Hama Fir Womber Fin | Ettar Dizcription
FOP | @FN |Tarp | THR®| Troe
FORTE ks a bldirecional WO port. FORTE can be sofwae
orogrammed for intemal weak pmoll-uzs on 2l inpuots.
REAN1 29T 33 5 g
FLTOASDHEEDA
RED I | TTL CHigphad 110,
AN | |Hralog|  Aralog input 12,
IKTD 1 5T Exl=mal inbemupt T,
FLTD 1 5T Erkanced FWA Fault input (ECCP1 module)
80 1 5T EF1 dafa In
S0A I | &7 FC™ data 1D,
RE1MANTDTNTSCK a2 0 5
RE1 I | TTL CHigphad 110,
AN | |Ansiog|  Analog input 10,
KT 1 5T Exl=mal inbemupt 1.
SCK [} 5T Eynchronous serial cock Inputioutput for SF) mods.
SCL [} 5T Synchronous saral ciock Inputioutput for FC mods
REAAMEINT 2O 35 11 10
REZ I | TTL CHigphad 110,
ANE | |Mralog|  Aralog Input B
INT2 1 5T Exf=mal imbemupt I,
WD o — Exl=mal UES ransosiver WS ouiput
REXANIFCORIVED k] 12 1
REZ I | TTL CHghad 110,
ANS | |Arsiog|  Aralog input 9.
copzil o | sT Canture 2 ppubiCompare 2 cutput™ WA 2 ouiput.
VRO o — Exl=mal UES transosiver WPD ouput.
REAMTTKEINCSERPF| 37 14 14
[5i=0 Iz | TTL CHiphiad 110,
AM11 | [Aresiog|  Srebod Inpat 11,
KEID | TTL Imi=snrupi-or-Change pin.
CEEPFP =] —_ EFP chip seiect coninzl cutput
RESEENPGEM L] 15 15
RES I | TTL CHiphad 110,
WSk | TTL Irfisrrupi-or-changes pin.
PGEM [} 5T Low-vokags ICSP™ Frogramming erabie pin
RE&EEEZPIC 35 1€ 1€
REE I | TTL Chigitad LA08.
K212 1 TTL Infisrrupi-or-change pin
PGEC [} 5T Ir-Cinouit Cebupger and |CEP programming ciock pir.
REFEEEPGED 40 17 17
RET I | TTL CHgiad 110,
KEZ | TTL Ini=snrupi-or-change pin.
PGD [} 5T Ir-Cinouit Cebugger and [C5P programming data pin.
Lagemd: TTL = TTL compaticle mput CRIDE = CASTE compatible Input or ouimut
ST =Echmill Trigger input with CRIDES l=aels = inpast
3 = SCulput P = Fower

Mots 1: Alemale sssiprment for S0 wihen COF2E Configeraton bE Iz ceansd.
F  Celaull assignment for CCFZ when CCP2AWE Confgurafon b s set.
& Thess pins are Mo Connect unless the ICFRT Comligumaiion bit ks sel. For HGASPORTE, the pln s Mo
Connecl unl=ss ICPRT Is et amd the DEEUG Corfiguration it s cleansd.

DS NETID-zage 14 Preliminary o ST Misschip Tectnsie gy Ire
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PIC18F2455/2550/4455/4550

TEBLE1-3:.  PIC1SF4455/4550 PINCUT D DESCRIPTIONS (CONTINLED)

Pin Mumiber
PIn Nams Fin | Bartfar Desariptice
FOIP | GFn | Tase | TiRe | Trpe
FORTC |5 anidinschional WO par
RCOMICEDT 0% 15 k= a2
RiCO 1S ar DigEal 3.
TICSG o —_ Timesr] cesciliator output.
TH130K] ar Timeri Timers sxi=mal dock Input
RCATIOENCCP2 15 35 35
LHZE
RCA Iz ar DigRal 2.
T'Cn‘al1 CMOS| Timerl csdiator input
copdl vz | &t Caphure 2 InputCompare 2 oulput PV 2 ool
T=E o - Exierrial LIEE fransoeler T owipet
RODCFUF1A 7 iE 3k
2 1z ar DigEal 3.
e oy Iz ar Capture 1 InpuiiCompares 1 culput PN 1 cuiput.
Fi& o TIL Enhanced SR PAWM oulput, channel Al
RICATD-R 23 42 a2
RiCE TTL Digkal Inpus
O- 1z — UEE difer=niial mirus Ire (inpuob/owipot)
W TIL External LIES fransoshver Wi Input
CED=NP 24 43 43
RiCE TIL DigEal Input
O+ 1z — LISE differ=ndal phos lne Inputoulput].
W TIL Exiernal LIEB fransosiver WP Input
RCETXCE 25 LE 44
RCE 1z ar Digkal 3.
= o — ELSART asynchronous lransmE
K 13 ar ELSAST synchronous ciock {see REDTI.
RCTREDTEDE 25
RCT Iz ar DigRal 2.
RX ar ELSART asynchronous necefve.
OoT 1z ar ELISART synchnonous dats (s=e THCK]L
BT o —_ EP| data ot
Lagand: TTL = TTL comoab-le input CRMCE = CRICE compadble Input oo cufpul
ET = Schmi® Trigper input wilh TAOE levels = [rput
R {1 E P = FoaeEr

Hobs 1: SAlemais assigrment for CCP2 when SOFZME Confguration bit s cl=amed
2.  Delmuh assignment for S0F 2 winen COPIME Conrfigurabion BE |5 5=t
3: Thess pins ar= Ko Conrect uniess the (ICERT Configura@on bitls set. For NCACFORTS, 0 pin s Ko
Conrect unless ICFST I5 521 and fhe DESUG Configurabon b Is cleaned.

oG Mizselvg Tacheskgy ir: Preliminary D583 raga 19



PIC18F2455/2550/4455/4550

TASLE 1-3: PICTEF2455 4550 PIRGUT WO DESCRIPTIONS [CONTINUED)
Fin Murmiber o
Fin Hams In | Butter Decariphion
Poe | @FN |Tarp| YRR | Troe
FORTD Iz & bkslrechoral B0 port or & Srsaming
Faralie| Fort [SFFL Thess ping feye TTL Input bufiers
witeen the SPF module |s enabled.
RODEFFD LE] - =
ROC [[i=] T Crigital 13,
SFFD Iz | TTL Eireaming Farzliel Fort data
ROAUEFF 20 5 L
RO i) T Ciigital 113,
aFfF Iz | TTL Eireaming Farzliel Fort data
ROZEFF2Z | Lin 4
ROZ i) T Ciigital 113,
gFF2 Iz | TTL Bireaming Faralie] Fort data
ROZEFF3 a2 41 41
RO3 [[ie] T Crigital '3,
SFF3 Iz | TTL Bireaming Faralie] Fort data
ROGEFF4 = Z Z
RO4 [[ie] T Crigital '3,
arEL I | TTL Eirsaming Farali=l Fort data
ROSIEFPLP1E 28 3 3
RECE [[ie] T Chigital 15,
BFFE I | TTL Eirsaming Farali=l Fort data
F1E =] —_ Enkanced SOFT PNM cutput, channel B.
ROEEFFEFIC 23 4 4
ROE [[ie] T Crigital '3,
SFFE Iz | TTL Bireaming Faralie] Fort data
PiC (] —_ Erkanced COFT P owtput, channe] &
ROTEFFTIFID 20 g g
ROT i) T Ciigital '3,
aFFT Iz | TTL Eireaming Faralke] Fort data
F1D =] —_ Enkanced COF1 PN cutput, channel D
Legend: TTL = TTL compadioie mpul CRIOE = CADE compaiible Inpt or oot

ST = EChmil Trigger Inpul with CRDE el
O = Julp

Mofs 1: Allemals xssipnren for
Z  Delaul assignment for CEFZ when COPZNE Sonfiguoration bR s

CCP2 winen

= [t

w [FiOREr
CF234X Configuraion bE [s cleansd.

3 Thes: pins ane Mo Connect unless the I1DFRT Comigumaiion bk ks st For NCOTFORTE, the pin s Mo
Conmeclunizss ICPRT s st amd the DEEUG Configurastion B s cheaned.

SHIIET g B0
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PIC18F2455/2550/4455/4550

TEELE 1-3:  PIC1SF44554550 PINCUT KO DESCRIPTIENS (CONTINUED)

An Humissr
AIn Nams Fin | Exrtfar Decaription
FOIP | GFy | Tasr | TrRe | Tree
SOATE & & bldrectional 1F2 port.
RENAMEIZEIEFF B = 2
RED | Lis- aT Digkal 2.
ARE sraicg|  Anakeg Ppul s
CKASFF o —_ EPF clock 1 oulput.
RELAKETCEIZPF g ZE 2E
RE1 [Ls] ar Digkal 2.
ATE Anakg Analog Fpul =
CIZSPF o] — EPP clock 2 oulput.
REZ'AMTIDESPF h L1} ) 27
REZ [Lis aT Digkal 2.
AT Arakg| Analog bpul T
CESFP o] — EPP culput natie oupul.
REZ —_ —_ —_ —_ — | See MCLRNPRRED pin
WiEs 12, 31|56, 30| &, 29 P — | Gmound reference for logic and KO pins.
Yoo 11,32]| 7.8, | 7.28 P —  |Fosiine supply Tar kegic and WO pins.
&5, 29
yusn 18 Ty v L —_ niEmal LSS 3.3 vollape reguishor oulout
HoACCEACPE — | — | 1z Mo Conmect or dedicaiss |COHISER™ port chock.
[ [Lie ar n=Croull Detegper dock
ICEGET | s CSF programming chock
HCACDTACRGDS — | =1 1z Mo Conmect o cedicaiss | COHICER port chock.
IZDT [Lie ar n=Croull Detugper data
1CFED 17 ar IZ5F programming daka,
HOTERE TCyeeill — —_ e Mo Connect or dedicaisd ICOICER porl Reset
ICRET —_ asher Clear (Resel) mpul.
ICvee P — Frogramming solage Inout
MCACFORTEN - | = 34 F — Mo Comnect or ZE-pin cayioe smoation.
CPORTE Enanle 25-pin devios amulabon when conrecisd
o Ves.
HC —_ 13 _ _ —_ o Conmeect.
Lagand: TTL = TTL comgabbie npot CMOS = CRIOE compatbie Inpul or cutpul
ET = Schmif Trigper Input wilh SMIOE jevels = [rpul
O = Owiput P - FOwEr
Mobe 1: All=mais assligement for CCP2 when COFZME Confguration bt Is cl=amed
2 Defaul sssipnment for D0F2 winen CCPZAY Configurabon bR = 522
3: These pins ar= Ko Conrect uniess the (ICPRT Configursfon bitis set. For NOACPORTS, e pin 15 Mo

Conrect unless ICPRT Is 524 and e CESLG Confipurabion bh Is cieaned.

T Missip Tachesegy fe Preliminary OIS0 raga 2
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2.0 OSCILLATOR
CONFIGURATIONS

21 OvBrview

Cevices In the PRC1BFIAESZEE0M4EERZ20 famlly
Incomporals & deffer=nt cscllator and microoontnolier
ciock sz than previous FICTEF devioes. The add-
Hon of the USE modulz, wif B unigus psoulrements
fior & sfable dock sourme, make | nscessary b peowlde
& sEparste clock source thal Is compilsnt wilh bo
\SE Iow-spead ard fulspaed spectcatiors.

To accommodais these reguirements, FICABFIAES
IS50d4S5 4SS0 dewioes Include a rew clock branch o
provide a 45 MHz clock for Tull-speed USE opsrafon
Since It Iz driven from the primery clock source, an
aiddHoral syshem of prescalers and postsialers has
been addesd 1o accommodale a wide mange of osciiahor
frsquencies. An osersizw of the osclilstor stuclure s
shom in Flgure 2-1

Tiher oscllialor fealures wsed I FICTE enhanosd
microcortroliers, such as the inb=mal osclliabor block
and clock swiiching, reman e same. They ane
clsosssed laber In this chapisr

211 CECILLATOR COMTROL

The operation of the osclator In FICIBF24552550
445854220 devices | ooninolled Srnowugh beo Configu-
radon reglsiers and tan conirol registers. Configurabion
registers, CONFHGAL and CONFIGIH, selecl ine
oscllafor mods and UES prescalenpostscaler oplions:
Az Configuration bits, these ane set when the devices s
programmes and I=H In fnat comfiguradon unll e
devipe |5 reprogrammed.

The DSCCOM reglsher | Register I-3) seiscls the Acive
Clock mace; It 15 oomarly used In coninoling clock
sakcring In posesr-miamaged modes Nz ous= |z
dlscusted In Sscktlon 241 “Ocolllator Comirod
Fmgletars

Tz ZESCTUNE register (Reeglsier 2-1) Is used o idm
the INTRC frequency sourme, a3 well &5 seiect ine
low-Tnequency Clock sounce trat dives several spedal
feptures, %3 ume |3 descrised In Saoblon 22E3
agECTUME Reglcbsr®

22  Osclilator Types

FIC1 8- 2452550 5504 550 dewices can be opemalss
Ini Bt disfinct oscliako: modes |0 conirast skl pre-
wious FICAE enhanced micoomninolers, four of Sese
modes Irrenive the use of teo oscllisior types & onoe
Users can program the FOSCIHFOSCT Corfigeradon
bits o select one of these modes:

X CrystalReszonalor
XTFLL CrystalResonalor with PLL =nabled
Hiph-Spesd CrysialResonainn

HEPLL High-Spesd CrysfalResoralor
Wik PLL enadied

bowop
i

5. EC Extemal Clock witn Foscid owtput
B. ECIO Ext=mal Clock witn VO on &S
7. EBECPLL Ext=mal Cleck with PLL =rabied

and Fosod ouimel on RAE

8. ECPID Extemal Clock wiih PLL snabied,
LT on RAE

5. WNTHE Infernal Cscliator used as
microconiroler dock sowoe, HE
Osclilaior rsed as USH clock sounce

11 WTHT  Infermal Cscllaior uvsed as
micromonimoler dock sowre, XT
Sscllaior wsed as USH clock source

1., WTID  Infernal Cscliator wsed as
microconiroler dock souwnoe, EC
Oscllaior rsed as LUSH clock sounce,
digital 'D on FuAE

12 INTCED Infernal Cuclisior uvssd as
microoniroler dock sowoe, EC
Dscliaior rsed as USH clock sounce,
Foscid oufpul an FAS

221 OSCILLATOR MOTES AND
UEE OPERATION

Ecause of e unicue reguinements of fhe USE module,
A dfterert aponoact: bo Clock operation kB nsceszany. In
previcus PICY devicss, 2l core and periphemal docks
were diiven by @ siegle osclisfor souwme; T usual
SOUTES Wene priary, secondary or e inhemal cocia-
lor: \A8th FIC1 SR 2455 7S000ESSid 50 devioss, The pri-
mary oscilalor becomes par of Se UEB module 2nd
cannct be assoclab=d 1o any olner dock source. Thus,
= LIEE mochl= must be cinckad fnoms e primany chock
sowTe; howewver, e microconirolsr core and obher
peripherals Can o= separately chocked from ihe second-
a7y or inl=mal osclisbrs as belore.

Eacyuses of fhe iming requiremenis Imposed by LIEE,
an Imennal chock of elther & MHZ or 42 MHz |5 regquired
anlle the LUEB module k& smabled. Fortunately, the
micnoooniroller and olher perphemals are nof required
o rum ot this clock speed when wsing @he prismary
osdliaior Ther= ars remerous opbors 1o achlese the
LIEE module chock reguirement and 3l prodce fexdol-
by for diocking e restof the desice from e primary
przcilaior source, These are celslss n Sscbon 2.3
“Opclliator 2atings for W3S,

DUl Ricsschp Tachssiagy InC
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PIC18F2455/2550/4455/4550

FIGURE 2-1: PICASF2455/2 550044 554550 CLOCK DIAGRAM
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222 CRYETAL CECILLATORCERAMIC
RESONATORS

n HE, HEPLL, XT and XTFLL Csclalor modes, &
crysial or ceramlc rescralor I3 connected fothe 551
and COSC2 pies b estabish oscilation. Fligurs 2-2
TS e pin comnecions.

Tree oscllator dasign reguires the use of 8 parslsl cut
orystal,

Mofe:  Use of a series out crystal may ghse a fe-
gusncy out of the rysial manulaciurer's
specfcations.

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
olai Tepical Capaathor Valuss
crycial Tesghed:
0o Typs Frag
1 [
xT 4 K=z ZTpF T pF
HE 2 K=z Z7 pF a7 pF
B M=z 22 pF a2
20 M= 15 pF 15 pF

FIGURE 2-X CRYSTALICERAMIC
RESONATOR OPERATION
[ET. H5 OR HEPLL

CONFIGURATION)

-ilm

] e ey
I
KTAL ihi"ﬁ"‘xﬁ-—l Lz
L T [T fo
s PIC1EFR00

i

Recle 0. Sae Tabk's 2-1 asd Tab'e 222150 bl vl o of
o1 and S
2. & imiwen ranks [KS] e S oreculied B AT
S Cul Sk b
I BF vk with e oscilalss mode clhoen

TAELEZ2-1:  CAPACITOR SELECTION FOR

CERSMIC RESONATORS

Capactor walusc ana for declgn guidamioces oniy.

Thiss cazacihors were tested wits fhe crystais Isbed
bl for s start-up and operabon. Thecs valuee
ars mot optimized.

Citferant cazecihor values may be requinss o produce
accepiable cacliator operation. The user showld 1est
the perfcmance of the csdlalor oeer e expecied
W00 ard I=mperabune range for the spplicafion

Sex fhe nol=r dollowing this fable for acdifons
Informealion.

Crvelale Usad:

& MHZ

8 Mz

20 MHz

Typloal Capaohor Valuss Usad:

Muods Freq o oECc2
T 4.0 WMHz 33 pF 33 pF
HS S0 MHz T pF 27 pF

160 MHz 22 pF 22 pF

Caprottor valuss ars 1or deeign guidancs only.
These carechors wers besied with The rescralors
Ist=d below for basic start-up ard cperaton. Thoes
walues are not optimized.

Oiffesent Capachor walues may be required bo prodece
soceplable oscliatmr operalion. The user should est
he perfomance of ine osciishor over the =epecied
wDo and emperaiurs range for ihe appication.

Emp fhe roles folowing Tabks 3-Z for additicnal
niommation

Hobs 1: Highercapsclanoe noresses S stanlly
of oscilaler bt alse Increases ihe
shart-up e,

¥ When opealing below 3V Voo, o when
using cerisin cemmic resonatons ot any
voliage, It meay be mscsssary o use the
HE mode or sadhon o a crystal oscliastor.

¥ EBince each resonatonorysial has B oosn
charachersiics, the user should oonsult
lhe resonsioricrysial manuisclurer dor
aopropriale values of  exemal
Companenis.

4: Rz may be requirsd fo aveld osendriving
crysials with low drive leved specification.

B Maays ety osdliFior perionmancs over

the Voo ard femperaire rangs fmat s
expeched dor e application.

Ressonatons Usad:

4.0 M=z

B.0NHE

16.0 M=z

A Infermeal posisoaler allows users o seledh & clock
frequency ofer than Tat of e crystal or resonabor.
Freguency division Iz defermined by The CPUCH
Corfigursfon oils. Lsers ey sebect a dook fregquency
of the osdiisior frequency, or 12, 473 or 144 of the
Trequency

An extemal dock may also be used when e miono-
monioler 15 in HS Osclistor mode. In this case, the
CSCACLKD pin I8 l=ft open (Figune 2-3)

DT Wissech p Tachsskegy Ik
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FISURE 2-3: EXTERMAL CLOCK INPUT
OFERATION [HS OSC

CONFIGURATION|

Gl am '—I ‘.ﬁ\."_h pelng |
Ext Span L7 FICHBFHEX

Open -—] cmsy M9 M)

213 EXTERMAL CLOCE IMPUT
Thz= EC, ECIC, ECFLL and ECPID Cecllzhor modes
requine am extemal dock sowrce fo be correchad o the

S5C1 pin. There Is po oscliator star-up Ame reguied
ster & Power-on Reset or after an exk Tom Seen

TOdE.

r the EC and ECPLL Sscllshor modes, e cscliator
Fequency clided Dy 4 s asvallabls on the OSC2 pin.
Thiz signal may D= used for besf purpose=s or o
syrcrronize ofer kgl Figure 24 shows the pin
conreciions for the EC Cscliator mods.

FIEURE 2-4: EXTERMAL CLOCK
INPUT DPERATION
|EC AND ECPLL
CONFIGURATION]

.,
i figima ~—[ " ta—gm] R TR
y
Ll FICIBFIHIN
FOSC A e NIV LA

The ECIO and ECFIC Cacliakor modes funchion ke the
EC and ECFLL modes, swcespt thai e OSC2 pin
Deromes an addlonal genersl purpose U3 pin. The KO
pin becomes bt & of PORTA (RAB]. Figure 2-5 shows
e pin conrechons for ke EC30 Ciediafor mode.

224 PLL FREQUIENCY MLULTIPLIER
PIC1EF245 5 SE0 M 2<aisssl] devices iIndude a Fhase
Lociosidl Lowog (FLL) droult, This is provelded specificaly
for USHE appications wih lower spesd csclliaiors and
cam aksn e used A5 & micnaoonroler chack sounce.

The PLL Is e=nablsd In HSFLL, XTPLL, ECPLL ard
ECFIO Csolliaior modss. | I3 d=signed bo produecs a
fhemd SE M=z relderence ciock fom A Teed 4 Bz Inpot
The oulout can thar be clvidsd and wsess for bodh e
USE and the micooonroler oo clock, Becauss e
PLL Fs & Thesd fr=quancy Input and outoet, hens ans
eight prescallng cplions b match T gsclisbor inout
fragqusrcy to fhe PLL

Thare Iz also & saparai poskcaler opfion Tor dering
the mricroconiraller clock from the FLL. This allows e
USE peripheral amd microooninoler o use fhe sume
peoliabor input and sHl operaste At difersnl clock
speemds. In conirass io the postscaler for X7, =5 and EC
modes, fne avalanis opfons are 102, 103, 14 and 16
of the PLL oulput

The HSFLL, ECFLL and ECPIO modes make use of
th= HE mode osclisior for freguenciss up o 42 MHz
The prescaler diddes the osclizior Inpet by up o 12 o
produce e 4 BHz drise for the PLL The XTPLL mode
camonly use an Input frequency of 4 BMHz which drives
the PLL direcy.

FIGURE 2-&- PLL BLOCK DI&GRAM

{HE MODE)

FIZURE 2-5: EXTERMAL CLOCE
INPUT OPERATIOHN
|ECID AND ECPID
CONFIGURATION|

g Figam ‘__""{n—F- psy L LA

B Sptan L FICIBFENEY

REE ] L OECTY

Th= Imi=rnal posiscaler for reducing clock freguency In
XT and HS modes s also avalable In EC and ECIO
miodes.

HEELECERKT Dby’ Esdg—
UL Ercaem—
[Pare CERFIETH Foa g

Frasa
Saciin=r| g Loz
aEs :‘1"'""" Foor| o
Lodp
Fiw |
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40 RESET

Thie FIC1SFZE55 TSIVl saiasa]] devices diferenimis
behesan warious KHnds of Resst:
ai  Powar-on Rasat (SO
bl MCLR Saget durdng nommal operaiicn
c} MCOLR faset durng poser-mansged modes
gl \alrhdiog Timer {\WOT) Reset {during

Epecudaon]
=}  Programmablie Brown-out Resat (S0R)
i mEsET Instruchon
1 SRack Ful Ragst
Rl Sack Unoerfion Seset
This section disousses Resels gensmied by TACOR,
FCR and BCR and oorvers he operation of e various
siartus Hmers, Stack Seset svenls s coversd 0
Geullon 6.1.2 4 “Smok Full and Uniderflow Recabs
WiDT R=zels are ooversd In 3ecbion 252 “datohdog
Timer [WDTHF

& simplfes block clagram of e on-chip Reset cinouit
I shoren In Flgune £-1,

4.1 RCON Raglater

Diawice Reged ayenis ane racked through the RSO
regisier |REgisier 4-11. The lower Trhe Dils of the m=gs-
l=r Indicat= that a speckic Reset &vent has oooermed. In
most cases, Tese bl canonly be deamed by the event
ared must b= 24 by e aoplication after the apapk The
shale of hege Tag bEs, tak=n jopether, tan be read I
ndicai= e type of Sesef thal Just cocumed. This ks
descrbed I mors delal i 3eckion 48 “Aacet Bials
of Anglebars™.

The RCON register as0 has confmol bis for s=ling
Inbemupt priorty {IFEM) and sofware conimol of the
BOR (EBCREM). Imk=mupl priodty s discussed In
Zection 80 “Inberupls®. BOR s cowvered In
Zacton 4.4 “Erown.cut Resat (B20OR|.

FIGURE 4-1: SIMPLIFIED ELOCK DIAGRAN OF OH-CHIP RESET CIRCUIT
RRSET
Irens=ian
SRy Shack Foli o Sesal
Przimai

Exl 1 Haranl
. zleina L "

1 A
WMILEE 4

i OLE—T ",

Shasgp — _ .-"'
Fall
Il

& o [ i
b

Eriratout .
HSURE 4

DIETIWEHT

[==1] 1034 Cpcia

B

=
H
=

K Fuse

E01 g

I

-—f 1Bt Big e Coante |—_.'_r

| | - |t laiet
—t 1 p—

| —= PWRT B i
[ = ||-u-.r-c|.-|:-l.'a:un||——'1
4

T ae ek &2 0 Sme-oal il

S e —_—d Erilds P¥EHT
Erralis 05700
HMofz 10 The s = INTHD s Mo B inlerm ] e B S0 Bk and (@ SeE it fomnm B LD Sedlaken of e LLS pn
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4.2 Master Claar Reget (MCLR)

Tre BCLH pin prosides & method for Sggering an
exizrnal Resat of the device. A Rese is penerzhed by
Faiding the pin low. Trsse devioes have 8 notse Ther e
the MCLR Reset path which debects and ignones smeal
pulses.

Tre TIECS pie k5 mict drhmn ko by any imkemal Resats,
Inchucing the WOT.

n FOCYEFIAEEISE0MASELEED devices, T WA
Ingut can be disatied with the MCLRE Configorafon
bdt. Wihesn BICLR s dizabisd, the oin becomes & gy
Ingst. See Bsaflon P0G “PORTE, TRIAE and LATE
Raglchars™ for mors Informadon

43  Power-on Reset [POR)

& Powesron Reset pulse I3 generaled omechip
whenewer Voo rses sbove a corain threshold. This
alipas the device 5o shart In e InHalkzed sixis wher
Voo ls adequate for operafon.

To fake advantape of the FOR circullny, Be e MCLR pin
fhrough & resishor {1 RE2 S0 10RO} %o Voo This will
elminate exiemal RC compomens usualy nesded o
creabe a Fower-on Reset delag & minlmum s rals for
Wina s specihed [paramelsr DN0d, 3acHon 2B =30
Charscberiellos ™). For a slow rise ime, s Flgure 4-2
Yinen the device starfs nomal cpemation {Le., =xlis e
Aesef condbon), dewios operafing parameters (el
age, dregeency, bemoerators, eic] mest be met do
ensune operafon.  these condifons ars not met, he

devipe must be heild In REsat ounHl e operabing
conclions are met

ECR svantz are captured by the FOR il [RCO8=1s]
The simie of the bit s sebbo o' wheneyver a POR ooours
i do=s miot cheange for any ofer Ressl syvent. PoR |5
piot r=set by ‘L' by any handwanre syeni To caphone
mulpe everts, fe pser manally neseds fhe bl o
In softaar= foliowing any PR

FIGURE 4-2: EXTERMAL POWER-DM
RESET CIRCUIT (FOR
SLOW Voo POWER-UP)

o L,

4| -
f— WCLR
I & FIC BFREN

Rt 0. Eaxlrmal Power-on Hasst Sroul B regquinesd
oy I Um %00 powii-up slcpn B B0 loed
It disdn L Falps SEchiargs 150 cmiedoi
£ iy s b= ' D Soes i i

2 Ko R e it s W s waie Tl
IEe vokiga dicp adidas K dosa ol vich
e da vk & slclica apes ] calicn

3R 1 kDl il any cutend Bewdng b
MR B aakmimml Sapac i L, n'lSe evasl
of MOLHYWEFR pin 1, dem 15
slale  Disclmiga  (ESLy & Elclicsl
e mratimcn | EOE)
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2.0 MEMORY ORGAMNIZATION

Thens are three Gppes of memory In FICTE enhanosd
microconirolier devioes:

" Program By
 Cals RAM
* Daly EEFROM

Az Harvard anchilechure desyioss, e daba and peogram
memories use separals busses; Sis allows for con-
cumeni access of the fw0 memory spaces. The data
EEFROM, for practhcal purposss, can be reganded as
& peeriphesyl device since It is adcressed and aooessed
through & s=f of conlrol registers.

Addiboral detal=d ieformation on e operation o e
Slash program m=mory kB providsd n Ssoflon 8.0
9Flaen  Program  Memony®. Cals EEPSCSM Iz
cleorssed sEparately in Jaation 7.0 “0ala EEFROM
MEmory”.

51  Program Memaory Organization

FEZ18 microcontrollsrs Implement 3 21bE program
coumisr wnich |5 capable of sddressing a 2-fbyi=
DRI Moy Space. Aro=ssing a locabon bedeeen
= wpper boundary of the physicaly Implemented
memory and the 2-kbpte address will retum all 'o's {2
WoF Ireslruchor].

The FICIBF245S and FICIEFMEES each hase
24 Ehytes of Fiash mermory and can shors up o 12288
dngie-wond  Instructions. The PIC1EFZESD  and
FICABF45ED] =ach haye 3I Koyles of Flash memory
aredl can Shor= up i 16,384 single-word Instnaciions.

FICAE devices have two Inbemund vectors. The Resel
veictor address & at OO00R amd S Inl=mupl wechor
addresses are at 020sh and 0015k

The= program memony maps for FICISFX4ES and
FICBFXEED desices ans shown in Flgunes 5-1

FIGURE 51: PROGRAM MEMORY MAP AND STACK FOR PIC1BF24552 5500445504550 DEVICES
PIC1EX46E FR18FNERD
| Pl e | I o200 ]

ShLL, PSTEL, TEETEEM, 2
SESFIE, AITEH, SALLH,

ASTLILFE, IUETHE

Sk Lasnl *
Each Leswl 11
T oo |
High Priails ifediue Yecisr |OCDEh
Low 1Priaiily rhaiiugl Vecttr |18k
D=Lhip
izt Menmais
SFFFR
Bililh
i
Lt
T
=
L
Fand D"
WFFFEFFh
o

Shach Leval 31
Foaw v oton
Flgh Prssily 1=hlmimus st JOCER
Lz Priciily Flnusd ednd |OC18h
Oirli®ig
P iarm Memeiy
EFn | B
B0 .%
-y
= N
=
=
-
Maisd 0
UFFFFFR
o e

DT M p Tach=sde gy 1t
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1.1 SROGRAM COUNTER

Th= Program Counber | PC ) speciies he addness of the
nsimaciion o deich forexeculion. The FC s 21 bis wids
ard |3 confalned In Fees separgis S-bit replsters. The
ow byte, Encwr as the FCL regisher, I3 bolh readabi=
ard wrilabie, The high byie, or FCH register, containg
e PC<A5: B> bis; H iz mof directly readatie or wrilabie.
Updai=s o th= PCH regisher are perfomed himough th=
FCLATH reqisher. The upper Dyl 15 callss PO, This
egsier conlaies the FO<20:E= bl E 15 also nod
drecily resdables or wriable. Updal=: @ the PCU
regisher ane perfomed hrough e POUATLU regisier

Tz confenls of PCLATH and PCLATY are Tansienmed
o the program coundsr oy any op=ralion that wrfes
FCL. Smiary, the upmer two bybes of the program
counter ans fransfemed fo PCLATH and PCTLATL by an
operabon Shat reads FICL. This s wsedal for compuled
ofsaty bo Fe FC (sme Zsobion £1.41 “Compuetsd
BOTOR)

Th= PC addresses Dyles I the program memory. 7
preyent the FC from Decoming misallgned with word
neimaciions, the Least Significant Dt of FCL 1 fved 5o
5 wakee of "', The FC Increments by 2 o addmess
sequential instructions In &= progmam memaony.

Th: cAlL, BCALL and GFT0  Program  oeamch
netnuciions writs o Se orogram oounler clrecdy. For
Thess Irsruchons, e coments of POLATH and

PCLATU ans nof Tansiermed bo the program oounies

212 SETURK ATDREZE STACK

The refurn address stack alows any comioinafon of up
o 31 program calls and Intsmepls: o cocur. The PC s
prsted onio the shack when 8 cALL of RohLL Irslruc-
fion ks mwsowied or an khemupt Is Acknowledped. The

P wabes ks pulled off the stack on 2 RETTURN, BETLR OF
N PETFIE Insinociion. FCLATL and POLUATH ane not

ATecied by any of e aETORN OF CRLL Insiruchions.

FIGURE 5-2:

Thie stack operates a5 & 31-wond by 210 RAM and a
E-bE Sack Folnfer, ETEPFTR. The siack space s not
pairt of &ither program or data space. The Stack Foink=r
ks readatie and wrilatle and e addr=ss on the fop of
th= sisck 5 mesfabl= and wrilabie fhroogh e
Top-of-Siack Spedial Function Regiskers. Diata can also
be pushed fo, or popped from e stack, using these
regisiers

A CALL bypes Instruciion causes a push onio e siack.
Thee Black Folnfer Is first incremenisd and 1he location
poinied fo by the Stack Foinier s wriben wilh e
conk=nis of the PC izlready poinfing o 1he Insruction
following T caLL). A pRTORE Egpe Instniciion causes
a pop from Ihe stack. The comi=rfs of the location
poinied fo by the STHFTR ane tarsfeTmed o the FC
and then The Sack Polnter |= deoremenizd

The Stack Foicber Is Inlllalized o ‘cocon’ a%er al
Resels Thers s no RAM assoclated wihih The locaticn
corresponding B0 aStack Foinker value of ‘opoon’; this

ks only a Resel vakoe, Salus bils Indlcabe F the siack s
Tull, Feas. orverfiowed oF hiss unceiowed,

31.241 Top-ot-313ck ACCEES

Cely the fop of e refum address stack [TOS) Is
readabls and wrliisble. A s=t of three repishers,
TOSUTOES TEEL, hold fhe comenis of the stack loca-
Hon poinl=dio by the STEFTR reglsi=r (Figure 5-23. This
aliows wmers o iImplement & softwans siack B necessary
ASEr 3 CALL, RCALL OF REmupd, the sofwane can ress
the pushed valus by readng he TOSLETOSHTOEL
reglters. Thiese yalss can be placed on & ussrdeiness
softeare stack. Af refum bme, the softasn= can m=ium
these values o TOSULTDES TOEL and do & refum.

The user must disabie the giobal inbemupt srabie bils
while accessing fhe stack bo prevent inedveriant stack
cofTunEon.

RETURN ADDRESS STACK AND A550CIATED REGISTERS

Top-of-Stok Aeglctsrs

TOESH TOSL
3R]
\ g
.,

ToEu

Return Addrece Saok g0

11110

11101 Elmok Pointer

L ETHEFTR<4.0>
L ] _ L 3
-

[ ] =11

o011 .I

. Tl K

LETAZAN | copil "

[ e o n] =001

L=l ] bl

Leced il o] o]

SHINESILecage 52
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52  PIC18 Ingtruction Cycls
521 CLOCKMNG SCHEME

The microcontroler dock input, whethsr from ae
riterreal or exberral sowce, B Roemaly clvided by four
o gererabe four non-overasoing quadralrs Cocks
(31, 22, 03 and 34, Inbermally, e program counier s

522 INETRUCTICHN FLOWIPIPELIMING

A “irestruction Cyoie” consists of four @ cycles: 2
IFrough 34, The nstnoction fetch ans se=culs ans pips-
In=zin such & mannsr tat o feich iakss one instnaciion
rycls, whis the de=cods and ewescute fakes arolher

nsruchion cyde. Howsyer, due bo the pip=ining, =ach
nsruction affscheely =wecutss = ore cyde. H an

ncremented on every @1 the kstuchon Is =iched
from Ihe program memany and laiched Indo e Instuc-
Fon Register (IR durng &£, The Insruction s d=ooded
and =e=culed during the following Q1 through &2, The
clocks and InsinucSon exscuiion fow are shown IR

Insruction causes e program counder fo chanpe (=9,
SoTo], hen o cydes are reguired o complsis e
nsruction (Exampie 53

& feich cycle begins with = Program Counier (PC)
norementing i Q1

Sgume= -3,
In the eveculion cycle, the feiched Instnecion 15 alched
Inhy #he Insinection Reglster JR) In cycle &1, This
nsruction Iz then decoded and specuied dudng the
232, @3 and G4 cycles. Dala memory ks read dusing G2
[op=rand readl and wrifen during &4 (desiinaiion
mrtie].
FIGLRE 5-3: CLOCK/NINSTRUCTION CYCLE
Iogd | G | o2 | G | oy | o | O | o4 oo | a2 | ocE | ood |
ol L e e e o T |
=4I N | | — | |
=R | r 1 | S " | J !—ll 1ol
o3 | ; 1 ] 1 i Y |':__:'“'
il & § I ] ! I
e P k PC+ 3 1 Foa4 ]
[ue_ el N
C mesny | S Y S|
P ) i [ I I
I Fadzh ST B Camersa ST (PO 1
Fadch 3T P04 0 Tesis G PL+ 01 |
Fairh ST 15T & 4 |
EXAMPLE 5-% INETRUCTION PIPELINE FLOW
Towd Tz 1 Tard w3 Tioed TCYS
1. EOVLH E&h | Feich 1 Ex=cub= 1
1. EIVEER FORTE Feich 2 Exeoste 2
1. BAA STW_I Fizt 3 Eneourie 3
4. BEF FORTR, BITE (Forced RO Fedich 4 Fhus®i (NoE)
E. Instrosticon & sddosar STE_D Felch SUS_1 | Exscui= SUE_1 I
Hobe: Al Insiucions am single cycle, =xcapt for any orogram branches Thess ke feo cpoies since the febds
rsruction ks Tushed® fnoem the pipedne while e new insruchion ks Geing fetched and then sxeouies

o 300T Misselip Tachesiegy e Preliminary OSSO pra g B
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223 I TRUCTIONS IN PROGRAM
MERORTY

Th= program memory |5 sidressed In byl=s. Insiuc-
Sons are siored &5 bwo bytes or four bytes In progmam
memony. Th= Least Signiflcant B8 of an Instrucion
word |5 aways slored In & program memony ocadion
with an =ven address (LS5 = o)L To mainiain algement
with Instnzcfion boundaries, {he FC Increments in sisps
o 2 and the LS50 wil abways read o7 (see Saotlon 5.1
SR rogram Coundsrt),

Figure 5-& shows an axample of o Inslrucion wonds
are siored In e program memaony.

FIGURE 5-%:

The oAzt and coro Inslnuchons have e absclhte
program mermory address embeddsd nbo e instuc-
bon. Bince Instruclions are sz Slorsd Of WO
bourdaries, the data ondained I the Insinadion Is &
word address. The wond sddress Iz wrillsr do PC<201,
which aocesses the desied byle afdness In program
mermary. Instrucion 2 In Figure S-4 shows how fhe
IFsuciion, zoTo0 ooasgk, 5 enooded In e program
marmary. Program branch insiructions, which encode a
rejathee address offsel, operabes InThe same mmanner. The
oftsed value siored I a branch insiruction represenls fhe
number of singl=~wond insruciions Gal the PCowlll D=
oPset by Deckion 280 “nctruction Sst 3ummemary™
prostdes furthar delalls of the Insiruclion 3=t

INSTRUCTIONS IN PROGRAM MEMORY

Frogran Mafnory
Eyie Lecwerm —

Iratrusen 1 MIVLE 2451
IretrusSen &2 [rlagsi] =13ih

IreliusSen 5 NI PF

12%n, dk<h

Fdzird AddneEn
LEE =1 LEH = [ +
UG IR DAl B
[ tard )]
IR0 B
L -]
[ =21 L[] et b
EFh Uh LRI DUCE
Fls (1] SLCIRLh
Zhh 23 [ONCER
Fa= Sth OCIE] 1
L ]
UCIE] 145

s TWO-WORD INETRUCTICNS

The standand FICAE Instrucon set has four feo-wond
neineciions: CALL, MOWFF, SoTe &nd 1oFR In ol
cases, the second wond of the Insructions aleays has
1111" &5 ks four Kost Sioniicant bis; the other 12 bks
ar= [Reral dafa, usually a data memory a0dress.

The use of *13111° In the 4 AShbs of an Imstrucion
speciies a spedal form of ¥or H the Rsiruchon Is
syEcul=d In proper sequence mmedyisy gher he
rst word, the data in the s=cond word Is aocess=d and

EXAMPLE 5-4: T D=-WORD INSTRUCTIINS

used by the Instnaciion sequencos. T the st wond 1z
skipped dor some neason and the s=cond wond IS
ewepubed by lisef, & Bop Is sxecul=d nstsad. This Is
necessany Tor cases when 1he teo-weord Insbruciion Is
preceded by a condonal Insruction that changes he
PC. Example S-34 shows how $his works.

Hobe:  Ses Zscflon 6.6 “Program Memory and
thee Exisndsd Inciruobon 28t for
Irformation on tec-aord Insirudion in the
extended instruction sad

CAEE 1
| Ot Code Sowrgs Cods

0114 ©110 4943 pOod | TETFEE LESL ; im ERM leowtdian 07

11449 2ppl 99310 poll | MOveR AEGL, BEG: ; Bo, akip chis weood

1111 0100 91931 pllad ! Emacota thir ward ar & NOF
00Lld 0100 4900 pO0d | ADDEF LEGI ! ceotirus coda

CALE X

Cihjeat Tode Sowros Code

0114 ©110 333 pood | TETEEE EGL 1 im MRM locwetiom OT
11dd ODO1 3410 DOll | MOSFF EEGL, MEGI ; Yew, axscuts this ward
1111 0100 91931 pllad ! 3nd ward cf inserustiom
00Lld 5100 4990 pO0d | RODKE LECT ; ceotirus cods

O8INENIO-page B2
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FIGURE 5-5: DATA MEMORY MAP FOR PIC15F2 455/ 250004 455/4550 DEVICES
BER<I:0s Dafa Memary Map o N
The= BES Is lgrored 2nd the
I v [ Access A | 200 Azcess Back s used
1 - BarkDl  f— — — — - EE:II'I | The Trsl 9% bytes are
=En GFR CE=R gEneral punnoss RAM
- 232 oon 100h ifrom Eark 0.
Eank 1 GFR The remaining 16D byl=s am=
=En 1F=n Sopacial FuncHor Reglshers
= 111 oan Z00h o Eark 151
1 Eark 2 GER
= = TR B - L
R _ bon z00h The ESR spedfies e bank
1 Eark 2 GFR uzad by the Instnaction.
== IFEn
- oan 400h
| =A% . Barkd apedl
FIFh 4FFn
- JLic Z00h
] J1001 Eark & 0an —_—
FFh SFFh \
. on E00h %
- 11 )
1 Bark & Gpriil i
zz- . | AnmaGh Bank
- 0an 700h ! ach
J=ara Eark 7 apeil ¥ | Access RAM Low -
FFh TFFn [accmss GLal High| 50h
[ih i} E00h 4 (EFEE) FFR
-1
1 Bark &
rusad
i R=ad 3z 00n
kL Eark 14
=En EFFI‘
=1111 gam Umrsed :I-t, /
L " 4 Earkis [———— A T
— BER FEd |
=Fn FFFh

Hols 1: Tress banks also ssnes az AR uTer for USE cperation. S== Ssollon £.3.1 SUSE RANF for mor=
niomation

SHIER Lepage B4
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FIGURE 5-&: USE OF THE BAHE SELECT REGISTER |[DIRECT ADDRESSING]
i Divis Mamory i
; HuM it i - . From Cpicda 5
[ale]afalefafafa] | g (r[2]e]efa]afe]a]
oLiE
Bk Swiactt | = Fth g
f - i) b ]
A00e FFh 4—
e
Baozg®
e R T
B Frh
£00 i
Bk 14 -
Faos i
Bl 152
FEP= FFh
Mot 1. Tha &Sieam HAM bl o 158 inglFoclion San b used 5 ieice @5 Seemide of 150 selschsd Bine [BS e 1o
tha sginlais ol Tw &oieam Eash
2. Tha BOVFT refruion eniZeds T emdss 120-50 addisa in e sl on

533 ADCESS SANK

Wirlle e use of the BES, with an embedded B-bi
address, aliows wsers io addness The eniine range of
dala memaory, E 2l means fhaf the user must alsays
ensure fhal the comect bank 5 sefecied. Siherwiss
dala may be read from or wrike=n 5o the wrong locadon
This can e disasiooes Fa GFF s the Inf=nded fanged
of an opsrafon Dot an SFR kB wifisn o Inst=ad
“erlfying andior changing the ESR Tor each read or
wrile o dala memory can beoome very InsTicl=ni

To sreamline access for the most commonty wsed data
memory lacations, the dafta memory ks configunsd with
an Access Bank, which allows users b access a
mapoed block of memory wihoul spediying a BES
The Acress Bank comsisis of e Test 55 bydes of
memory (D0Dh-SFh) In Eank 0 and e last 180 bybes of
memory {50R-FFh)in Slock 15. The Iower half ls Enown
a5 e “Acress SAMT and ks composed of GRRs. The
upper half |3 whene the deyios's SFRs are mapped
Thess Ta0 3=35 an= mappsd configuousty In e
Arcess Bank and can be addressed In a linear fashion
by an B-bF addmess (Flgur= -5

The Acoess Sank ks ussd by oons PICE Insfruclions
that Inchade e Aocess RAM bt {the ‘2’ paramessr ik
the Irsruction) When 'a°" I sgual o 1, e Isstrucon
uses he B5R and the B-bit address Indudsd In The
opcode for fhe dala memony addness. When 2" B '0°

howaper, the imsruchon o forcss bo use the Access
Eank mcdress man e corent waue of the 58 &
ignoned arhrsk.

Uzing thiz Torced” addressing aliows the insruclion 1o
omerate on A dats address @ single cycie withoul
umsiatimg the ESR Tral. For 8-bh addresses of 50k and
s this means fhel users can =vakaks and operak=
on SFRS mons aTickenty The Acosss RAM below ECh
k= & pood place for data valuss that the wser might meed
lo acosss rapidly, such &8 Immedals compuiafionsl
resuls o common program varisbles, Access RARM
alss allows for faster and more oode =Mcent comeyt
saving ard swiiching of vanabies.

The mapping of e Acoess Eark s sigrdy diferent
wher e eviendsd istruchon et s enanied (KINST
Conrdiguraion ot = 1. TRis Is discussed In mone Setal
r 3sctlon 623 ‘Mappirg the Asosss: Bank In
Indmxed LHsral Cifcet Mods®

534 GEKERAL PURPOSE
REGISTER FILE

PUCA8 devioms meay have banked rmeamory Inthe GER
ar=a. Thiz Iz dats RAM which I avalables for use by al
nsructiors. GPR: slad at e bolom of Eark O
[addr=zs J0Ch} and grow wpaands owands the bofom
ol the EFR area. GPR: am= not Rdalzsd by a
Power-on R=zel and ar= unchanged on &l olhes
Rzt

D AC T Wiesech p Tech=ckegy e

Preliminarny

DS3E30. raga B

81



PIC18F2455/2550/4455/4550

10,0 WO PORTS

Cepencing on e device seeced and fealures

enanied, thene are up bo fve ports avalable. Some pins

of the 'S pors are mubplexsd wih an all=meis

funchon from e peripheral festorss on the device. In

general, when 3 peripteral is enatied, that plin may not

be used a5 & peneral purposes 1S pin.

Each port has three regisfers for = opemation. Thess

reglshers ane

» TRIS regisier {data dirsclion regisier}

* POAT regisier jreads the levels onthe pires of the
deEvice)

* LAT reglster [oulput laich]

Thee Cata Laich regisier {LATA) [ useful for read-

modfys-wrtie operabons an e value drisen by e 10O

pires.

&, simoified model of a penerc 11D port, withoul fhe

nierizoes fo oiher peripherals, is shown In FAgue 10-1

FIGLIRE 10-1: GEMERIC 10 PORT
OPERATION
AL LET
Tuin .
Ein o o
R LKT = w0 piedl
o PORT E_L
Tindw Laizh
b— O 0
JSETRIG K i
TR Ladzh
[ Jone
RO TRE T~
Iy B PR
H
B POET [, —l
Heas 4: VO plinie e dede prodecdizy iz Voo and Ve

10,1 PORTA, TRISA and LATA Reglstars

FCATA k& an S-bit wide, bidirectional port. The oome-
sponding cala direclion reglsier 13 TRIESA. Sxting &
TRESA DR {= 1} will maks fhe cormespond ing FORTA pin
an Inpst {Le., pul the comesponding oufpul driver ina
Figh-impszanoe mode)l Cleasng @ TRISA Dk (= o) o
make fhe corespanding PORTA, pin am oulput {Le., pk
the comienis of the oulput laich on e seleci=d pinj.

]
Preliminary

D ST Wicszch p Tachssdegy e

Rexdlng the PORTA reglsisr meads the siatus of the
pins; writing 1o it wil wriks io the port laich.

The Data Lalch register (LATA) 15 also memory
mapped. Rexd-modPy-wrile opoations on (e LATA
regisier read and wrils the afched owlput valus for
FORTA.

The R&4 pin ks mullipl=eed afh the Timerd module
dock input o beoome the RALTIZE] pin. The RAE pin
b mrasitipizaeed wilh The main osclialor pie; | is enabied
as an osclisbor or V3 pln by the seleclion of the main
osdiialor In Configorsfon Regisker 1H  (see
Saotion 361 “Corfiguraton BSs” for defals|. When
nof used a5 a port pin, RAS and iz assocal=d TRIS
and LAT bis ar= resd as ‘o’

FiA4 b5 s muitipleed wiin the USE moduls; IE senses
as & recetver Input from an external USS fransosiaer,
For detalls on corfigorafon of the USE moduie, ses
Sagtion 17.2 “UEE Stabes and Comdrol.

Bayars] FOATA pins are mulpheed wilh ansing mputs,
1f= analng YeEor= and YREr- inpuls and the companalor
voRkags nefsrsrcs culput The cperalion of pins RAE
and RATRAD as AT comeerer npuis b5 seleched By
cl=aringis=fng the coniod biks In e ADSSOMA raglsisr
[AD Conlrol Register 1)

Wobs:  Ona Fowsr-on Resel SAS and RATRAD
ar= confgured as araksy Inputs and read
x5 0. Fsd is comfigured as a dighal Input.

All other PORTA pins bawe TTL Inpf leseis anad ful
CASTE gulpud drivers.

The TRISA register confrols fhe direcion of e A&
pins, even when they are being ussd as analog inpuis.
The user must engsure the Bis In e TRIEA repister are
malmiainsd s=% when using them as anaiog inputs.

EXAMPLE 10-1:  INITIALUZING PORTA

ILET FOETA 1 Imitdalize PORTA By
1 slsaring sutput

; daka latchar

ILET LATH ; Alesrrmiats mathod

1t Tlear cumput

1 daka latchar
FEOW1E [Fh 1 Somfigure AT
EOWMF  ADCONL ; for digleal impote
EfW1H [Th : Configore comparatoTe
ERMF  OSC0N 1 fer digital dmpuot

EW1E  <IFh ; Valoe wasd Eo

; indtislize dots

; dirsckeien

1 Bt BA<d, Dx ax dnpota
1 BAE 4 ap ootpota

FEOWMF  TRLEA

Dca i o0 prage 111
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TASLE10-1: PORTA WD SUMMARY
Fin Formcizn T ¥ O Tysw Degmriplicn
Salling
LETIRET Hai L5 ouT ] i LATA D St oolodil, SobaPacled Ly esalsg 1Sl
1 L] ITL PR LA Sl (=pes] Semal e wban= o] sl o el
L1 1 L] AN AL inpul Shmnnal U end Gompasalsnr Ot inpal. Dalaul cos) g nikns
o O, e Nl e Tiec S aul st
LERR T RAT 5 2T CHCE LATA= 1> St odlgdil; sl aPacled by asalsg 15geil
1 L] ITL PO TR St (=gl feads T on NN
C1EN 1 L] AME AL inpul Shannal 1 end Compaslsr D3- Inpal Dalaul o= gunlEs
g N0 chaeen el et SRl ol et
He AN HAZ 8 L By LHCE LA 1A e S ooloul Sl aPFaciad Iy eselsg Sl Dmialred she=
WEEF-T W REF LW REF Sufpcl armShed
1 L] TTL PO LA St 1=pel] Demaledd sl ® armiog UrcSss ekl
et wiem i LWREEF cutpo] irm S
L1 o) 1 L] AME AL insdt < hasrml 2 and Consaraien S0 inpal Dalail] el guialia®
g PO sl et By drm ko g St
YRR 1 L] AME AL and Ssimpantn’ valage felere=ce kxw inpul
LWREF ® o AME Ll s wolkage ridamienos Sufpul Ermling i ealice Sooblas
g
Ha AN 2 HAd 8 L By LHCE LA TAASr S ooloul ol aFacied by aselsg 15wl
R 1 [ TTL | PORTA S date 5l il e whan® aim g sl aimbead
L] e ] 1 L] AME AL nsut Shmsrml T and Consaraien O inpol Dalaul] eoslgu ialias
o 0
WREF 1 L] AME AL and Saipani®’ valage feleie=ca high Inpal
HARTDCER HAS ¥ L By LHCE LATAx&r dim poloul] SobaFasied by eselsg 1=l
ekl 1 T 1 | PR TR de e el Salved e armios o e e
TOCE] 1 L] 51 TiFm el Sl jSpail
Lo e B | [ [ iy LGS Caompmasalsr 1 oulsd Bebead Skails cvw’ poil el
RLY = L] L Exlernal UEH Fesacser BV npd
Ha bk AT HAaA [ [ O | LATA S dils oolpid 5ok aPached by esalsg iSpl
HLY DRI 0T 1 U] TTL | PORTAS S Sat (Sl Sl whes oo og o aimiad
L1 1 L] AME AL inpll Shannal & Defacl somigural on an PUH
B 1 ™ TTL | Stiren swiect ingul e SS1 (WSS s
FLYDM 1 L] AME High'Lowe-vir ke g Debes? pster=al g s=d=1 ingal
Lo U | ¢ o EHCE Lampmtala 2 oulal bbas skily sy’ peil daks
ey el m ] L = L By AME M cees hader et gclpar conraesSen @l X1 amd HE nedas]
H=A8 LR = [ iy LGS Syalem Cyde Siodk aulps [FOSLE ] ivmilabe in EC ELMLL @54
IR TR e
Ha" ¥ L By LHCE LATA<E: difm oolsul Salmbie sny in ECKD, S0M0 ard IkTI0
redes ol e ewine, rada a8 0"
1 L} L PFORTE=E- difl (Sl Sealake ool 155010, ECPO and IMTIO
el ol e ewine, rmada as 'L

Lagend DUT = Culol | = Inml, AMS & Srmiog Sgsal D0 = Dsgiml Oufpal, 51 = Schm R Bufer 15l
ITL = TTL Eaifter Inpal, x = Don | Same | [ HS B Soss el effect Sort Ssclios & @ Svaifdden fof Uia aplas)
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10.2 PORTH. TRIZSE and LATB
Reglstars

FORTE s an B-bE wide, bidrectional port. The come-
sponcing dalka direchion regisher [s TRIES. SsFEing &
TRIEE Git (= 1} will make e omespording PORTE
oin an Fpulile., pot the coresponding culput driver In
3 high-mpedance mode]. Cieandng a TRESE bl (= a)
il izl the cormespondng FORTE pin an cutput e,
pask e comisnis of the culpu? =ach on the ssieched pind.

The Caba Laich repsisr (LATB] I also memory
mapped. Read-modf-mrfie operabons on the LATE
regisher read and wrbe ine jakched culput sakes for
FORTE.

Each of the FORTE pins kas a weak Imernal polbup. A
singl= conirol ok can furn on al e pul-ups. This s
cerfomeied by cl=aring bR, FREPU [INTCOMI<T=]. The
wesak pullup ks avlomaticaly tomed off when he oot
oin Is comfigured a5 am oufpul. The pulups an=
disabled on & Power-on Reset

Mols:  On oa Poweron Faset SB4:RED aee

conflgured as analsg mpuls Dy defaulk and
r=ad @z "2°; RET-RBS ar= configured as
clgital Inpuls.
By programming the Confliperabdon bR
FEADEM [COMNSIGIH=1>], RE4:RBED wil
afi=nreafteety be comigured as dighal Inpuls
on PORL

Thie mbemupt-on-change T=abunes |5 recormmendsd for
wake-up on key depression aperation and operySons
whemn FORTE ks only usad Tor e indemupt-orn-change
feaiure Polling of FOSTE Is nof recommended whilis
using e imbemept-on-cranges f=ahins,

Pins, REZ and REZ, are muliplkexsd wih fhe UES
periphiEral and seree s the d¥ersntisl signal cufpuls
for an =xterral LSS fansosiver [TRIS comfiguralion).
Refer to Secllon 17.2.2 2 “Exfiemal Trancoesivar! for
addtioral information on corfigaring the LSS module
for operaSon with an extemal ransceler

RBL Is muHplkexsd win CSSFF, the chip sslect
funiction fior the Sireaming Paralsl Fort (EPF) — TRES
safing. Celals of B operaborn are disosssed In
Ewcklon 180 “Etreamiing Farallsd Pori®

EXAMPLE 10-2. INITIALIZING PORTS

Four of the PORTE pins (FET.RE4) haye an Infemupt-
on-change Teafurs. Only pins configuned as Inmeks can
cauze this Inferrupt %o ocour. Any RETRE4 pin
comigur=d &5 an oulput I excluded from e Inbemupt-
on-change comparson. The pins. ans oomparsd with
e old valus lalched on th= k25t n=ad of PORTE. The
“mismalch” ouipuls of FETRE4 ane DRl fogether o
genemale the RE Porl Change Im=rrupt wilh Flag b,
REIF (RTSOMN 0|,

The Imisrrupi-or-changs can = used o wake e
deyice from Sl=ep. The user, i the InkEmopt Servce
Roubne, can ciear e Inl=meptin the folowing manner:

&l Any read or wrile of FOSTE (=ecept wkh the
EOYFF  (AETS , FORTE Insitrucion). This wil
=nd e mismasch condHion.

o] Cl=ardag i, REIFE

A rismeabch condBon will confinue fo st Tiag @ik, REIF.

Reading FOSTE will and the mismaich cordiBon and

allow fizg b, RBIF, jo be dearsd.

ILEF FINTE ; Cnicdalize FORTE by
1 Tleazdmg sumpak

1 daks latchaw

ZLEF LATE ;1 Aleszmate mathod
1 to clear cunpun
1 daka latchar
ENWlN [Eh ; &en EE<H. D> am
FEWMF  ADCONL ; digdtal LD pine
1 lregquicsd if candig bik
; FEAISE ir awt|
EOWLH o= 1 Yalus ursd to
; dndtimlizs datws
1 Alrsction
EWMF  TRLER 1 &&t PR 0 ax Lnputa

1 ME<E.4> a8 cutputa

1 AEcTfe aa iopuks

0830 Dpage 114

Freliminary

D0 Wcsechip Tashmskegy Ind

84



PIC18F2455/2550/4455/4550

TASLE10-3: PORTE VO SUMMARY [CONTINUED)

Fin Fursztzn !-:'Iﬂll:n ] LD Tiapsa Demctipien
HESFELY HEES 8 DT b ] LAaTHeE» Safm golpar
B 1 M TTL | PORTHE dat iSpal waik pulkcp whin REPD B b ceasad
EE2 1 M TTL einugken-gn e
PG ® M =1 St aoasulah {PCE ™) ik fpdl b IESP and 100D -cl.!'lll.l'."'q
HE HE S HE 8 DT b ] LATHe e Safl golpar
P 1 M TIL | PORTEST St iSpal, seak pilbcp when REPU L b cesred
EES 1 M ITL Inlatus ko n daiege
el k] ] OUT OiE | Sedal sencuticn st aulges Tor S and KD sgeniden 4
=1 Surtal el sitich St IRl for 1550 esd D aseraten P
Lagend OUT = Dol |H = Infl, AMS = &g Sgeal D0 = DGl Cutpol, 51 = SchmeR Buffer 15l
I'?l.'.':ihlhi- |:"_'|"'_-'||hﬁﬂl'|ﬂﬂ BE 1T = TFL HBaPad Ingdl, = = DasT S | THOS B de sl bl gl disdtiah & @
Swittrkinn Fof IR aplhas)
Rale 1 Dol guiaia® Sn POR @ deleimd Sed Sy TS DER Canl gusalon S P and cerfiguned) is kg nsdls whan
PHaDEN (5 wel ardd dig Wl insus wian FEADER B cladnsd
s Elmiale S asEs i nt Ol CO wieas DO TRE = 3. Deliu]l assig=mres] @ =200
= Sl oTer S Undiss are JaShd i n FLEP™ of 00 apmtalo® @ oenaiied

4 SN ey e Oy,

TASLE10-4. SUMMARY OF REGESTERS ASSOCIATED WITH PORTE

Amcat
Hams ERT Elta EItE EX4 Elt 3 It 2 E21 ERD | valusc
on page
FCATH 537 RZE RES RBZ RE3 REZ RE1 =20 (]
LATH LATET LATES Am25 | Lated | Lamez | Lamsz | LaTsq | LaTED oL
TREE TREET | TREBS | TRIEEES | TRISS4 | TR=E: | TRIESZ | TRISE: | Tmiss0 ]
IKTiCOMN GEGIEH |PEIEGEL | TMRIE | KTUIE s2IE | TMROIF | wToF | &3IF £q
INTCOMZ TEPD | WTEDGO [INTEDGH | INTEDGZ — TRRIIF — REF q
INTICOME TZP NT1IF — KTZIE NT1E — mIF | wWTE q
ADDON1 — _ worEl | woFed | PoeG: | PoFez | FoFE | FoFGD 52
srecont — — — — —_ —  |=Pprowin| EPFEN ]
sreCFGl [ CLRCFGt |ciecrEo | csen | oo | waz WEZ WE W50 s
IO — FPERET | SE0 FHTDIE | USBEN |RESUME|BusFRD| — £z
Legemnd: — = unimpi=menk=d, resd a5 "0 Shaded calis ars mol used oy FORTE.

Mots 1: Thess regisiers are unimplememed on 22-pin devioes.
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TASLE10-3: PORTE MO SUMMARY [CONTINUED)

Fin Furszlien ;'::- ] LED: Toapsa Demciipiicn
HES¥REL HES [ O i i LATH=E> il dulpil
AL 1 M TTL | PORTEE: St iSpal, sk flop shien REPL L8 b cesrad
EE2 1 M TTL heinug e n-gn doege
L ® M -1 Seim | e sulion | FEEY ™) chadh inpll M IS ard 10D -:|.-|-.|Il.l-"Jll
HETHES RE? % OUT pi i} LATHT= date dalpliil
B 1 F TTL | POMTHTe i Sjpal, watik gulbop when REPD Bl b ceead
FES 1 M oL hairug ko rn-gn dokge
el &) ® OUT OiE | Seral eeacuticn dith auiges for ECEM and KD spenaten
] =1 Suita | ecaciticn St Ihpot for 1550 @54 KD asembsn 0
Lagend U1 --'.'ul::.l,,lH-Ill:l.l,, AME = Simieg Sgtal QIO = DGkl Cutpal 1 = Sl B Bufler 15l
LN = METMED Sl befer, [T s TIL HaPad Ingpl, < = DasSTSan | TS b doe il et pofl drecion & @
Swittkden for L aplios)
Kale 1 Losl guialas S POR @ deleimid=ed Sy ITHS DER Ol g lon B P dne ool uned as am kg nSits wisan

PHaALDEY (& fel arsd Jdig bl insus wian MBADENR B dedned
s SEmmiale pS s nrreant i CUP wies COPCRIE = 0, Deliul assg=mre=] @ 80010
S a%er = ufdkss o OaSked whan IEEPT™ o 00 eptaln® @ eimabled
4 - e e arnly

[

TAELE 10-4: SUMMARY OF REGISTERS ASS0OCIATED WITH PORTE

Secal
Hams EHT BH 8 =114 Em & Bt 3 BIE 2 B 1 EHD Valusg
on pags
PORTE RET REE RES RB& RIB3 REZ RE1 Zi=h| Ed
LATE LATET LATES LATES LETE LATEI LATED LATEA LETED EL
THRISE TRIGET TREBS | TRIEBS | TRIGE4 | TRISE: | TRIEE2 | TRISEY | TRISED E4
IKTCOR GIEGIEH | FEIEGIEL | TMRIIE KTOE SEIE THROIF MNTOIF SEIF 51
INTICOME f=3=1om) WTEDGD |INTEDGH | INTEDGZ — THROIF — REF g1
IM TS0 TP MTIIF — KTE MT1IE — T2F NTI1E g1
ADTONA — — YCFG WCFGD | PCRG3 | POFGZ | FOFGT | PCFRGD -+
srroont! — —_ — — —_ —  |sProwm| sPFEN =
SFECFENN | CLECFGY | CLECFE0 | CREN CLEAEN W5S3 WS WE1 Wad =]
Lo — FPERST SED FETOIE | UEBEM | RESUME | BLSFND — 4]
Legend: — = unimolemenk=d, resd as ‘o’ Shaded celis are robused Dy PORTE.

Mofs 1: Thess regishers ars unimplemenied on 22-pin deioss,

DS HEEID-page 195 Preliminary o E0CT Wiemelip Tastnskgy e
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PIC18F2455/2550/4455/4550

21.0 10-BIT ANALOG-TO-DIGITAL

COMNVERTER (AD) MODULE
The &nalogeio-Dighal (400 comvedsr moduls has

A0 iepuis for the 25-pin devices and 13 dor Gne
40i84-pin cevices. This module aliows conversion of an
anaiog Inzut signal o & corespondng 10-bit digks
Pz

The= module has e ragislzrs:

&0 Fegull High Register (ADRES=)

v A& Rl Low Regisler (ADRESL|

v A& Contrel Reglster O (ADTTMD)

v A& Contrel Rieglster 1 (ADDTMNT |

v A& Contrel Rieglster 2 (ADDTMI)

The ADCOMI megisier, shown i Regisher 21-1,
conbots e operafon of e AD modulz The
AT TN regisier, showen I Regisker 31-2, configunes
o= funclions of e porl plas. Ths ADCCHD regisher,
shown In Regisier 21-3, conflgures: e AMD Ciock
source, programeresd acoulsBon Gme and JusiTcation.

REGISTER 21-1: ADCOND: A'D CONTROL REGISTER O
-0 13- -0 RAN-D R RW-a R0 SaAa-0
— — CHEZ cHE2 CHE1 CHED SOTOME ADTH
it 7 ot 0
Lagsnd:
F = Seadatie il 18 = Wiriabl= b U = Unimplemeni=d b, rexd as 'O
-n = yalue at POR 1" m Eil I5 5t 0" = Bl Is cleared o = BE Is unknown

it 7-B

oit &2

Unimplamantsd: R=ad = o

o000 = Charrel O (ANT]
poal = Shaneel 1 (AM1]
0010 = Charrel 2 (AM2)
poll = Sharrel 3 (A3
0100 = Charrel 4 (AME]
p101 = Charrel S (ARNEHLE
0110 = Charra] & (anEHL
pall = Channel 7 (AN TR
1000 = Charrel & (AME]
1paL = Shanre] S (AT
1010 = Charrel 10 (AN1D]
1011 = Shanmel 11 (ARH1]
1100 = Charmel 12 (AM12]
1101 = Unimplemengeg?!
1110 = Unmpiemenaegi?!
1111 = Unimplemengadi?

st 1 GOVDIOMEE: AJD Corversion Sahs bR
AheEn AL = 1
1 = AT conversion In progress
o= AT |die

1] ADON: A& Oin bR
1 = AT converisr module ks srabled
0 = AT Converisr module ks disabi=d

Hots 1:

CHEZCHED: Araleg Chanre| Seleci blis

These chanrads ane rok Impdemenied on 28-pin devices.

2.  Peromming a oonversken on unimplememsd creanneis will retum a foating Input measurement

D JOCT WiesEehp Tachsskegy It

Preliminary
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REGISTER 21-2: ADCONT: AD CONTROL REGISTER 1

U H] RAN-D RA-0 Rrv-01l Rl Rt A
— | = | wvesmn | woesc | eocRa: | eoRar PG FITGED
bt 7 bEC
Lagand:
R = Rsadabie bt W = Wkl U = Unimpiemenbed Dit, read as T
- = WVEUE &t FOR 1" = Bt |5 52t T = Bl s Cleared W = BH 1% unkroan
bit 7-E Unimplamanbac: S=ad a3 'o
bt S WEFQD: Yolage Referenoe Configuration bt (Veoe- source
1 = WREr- (AN
0 =WEs
bit2 VCFO0: Vokage Referance Comfiguration bit Qepe+ sourme)
L = WREr+ [ANT
0= Yoo
it 3-0 PEFO3:PCFG0: AD Fot Comfigusation Conbnol Siks:
peros:| 2l z |2 lale |2 %1% | alelale]e
PeFee | 2 (2 |2 |22 |2 |2 |2 |2 |22 |22
poga!l] & A A A A A A A A A A A A
poolL A A A A A & A A A A A A A
pola A A A A A & A A A A A A A
poll ] A A A A & A A A A A A A
oioa ] O A A& A & A& A A L] A& A& A
01Ol ] O O A M & A " A L] A A "
011a ] O O C M & A " A L] A A "
piialli] O D o 5] I T sl alalalala
1004 ] [] u] [x] ] [ A A A A A A A
1001 ¥] 2] u] =] ¥] [« =] A A A A A A
1014 ] ] u] ] ] C ] u] A A A A A
1011 ] ] u] ] ] C ] u] ] A A A A
1104 D ] u] ] D C ] u] D ] A A A
1101 ] O O C ] [ C O ] 1 C A "
1114 ] O O C ] [ C O ] 1 C C "
1111 ] O O C ] [ C O ] 1 C C O
A = Ansog Input O = Digkal v2
Hote 1: The POR vaue of the PCRG bils cepeEnds on he yvaue of the PEADEN Comiiguralion bk When
FEADEN = 1, PCRE<3:0 = oopn; When FEADEN = o, PCRG<3:0> = 111,
2: ARE trough ANT ane avsilabl= onty on 406&2-pin desioes.

nEINETICpige 250 Freliminary o T MkeEclip Tashnsk gy I
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Th= anakog reference vollags o software sejeciabie 1o
silher the desvioe's positiee and megalye sopply vokaps
oo and Vss) or lhe volage l=sel on th=
RAIAMEAEDF= and RAZAREWYREF-'CVREN pins
The AT cormeerter has & unigue f==fure of bedng abl=
o operale wnlke e desice BB In Sistp mode T
operale I Skeep, The AT conwversion ciock must b=
derivied Trom e ATD0s Imennal BT osclladon

The oulput of the =amgie and hold 1= e mput kb the
comeerier, which gensraies e resul via successhe

A disylios Reset fonoes all repisters o ther Feset siate
This forces the AD module i be urmed oF and any
corserslon In progress |5 aborisc,

Each port pin associaled wiin the AT corrsertercan be
corfigured a5 an anakog Inoet or 2 a dgial 1S, The
ADRESH and ADSESL neglslers comaln the result of
the AT comyersion. Wihen e AT comeersion & om-
plete, the pesul s losded (Mo ihe SDSESHADRESL
regisier galr, the GCDONE Dl (ADSOND neglster) 15
deared and AT Ink=mept Flag bl, ADIF, |5 5= The

approx mazcn block diagram of e AT moduls B shown n
U Fligurs Z1-1.
FIGURE 21-1: AID BLOCK Dl&GRAM
CHS3CHS0
SRR 1§ I I
P H&:_E] P
1 1
E N [ & | :, E AR
1 1
' 1010 !
R SR oy P
1 1
' 1001 !
| :.'.—g—El AhE
i 1000 1
I = . ARE
' _ 011l E.*h'-‘l'“
1 1
' hphﬂ:_El Apeltl
1 1
1 1
| — 1&;—5 AREI
: w0104 El area
Al : ' ’
1ok Izt oliage) c L e | | AR
Cornerisr : '
AD ' poia |
P FAwe
1 1
1:Fn:~1|'-[uFG:: WL E."h'
1 1
: . B -: .._.I.?: : goaa : El AR
F———q L iw
1 VRET+ Lo 11
| mererwnca | o o
| dlEgE | A— o E e
| I | ,":' .
. H il
Hods 1: Channesis AMS rowgh ANT are nof avallable on 25-pin devices.
Z 17D piris haee diode profection b0 a0 and Vies.

SHINETILpage MO
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]
FEAIRCHILC
SENMICOHOATTORT

LM78XX/LM78XXA

Features
B Ctpul Surrand up 1o 14

B Thamal Creanaad Profeciion
B Ehorl Sircuk Prodeciion

B Cadtpul Wollages of 5,8, 8, 0, 40, 12, 15, 18, 24

B Cutpul Trrsisior Sl Dpemting Arsa Proleclion

3-Terminal 1A Positive Voltage Regulator

March 200E

General Descripticon

Thia LMTERX sares of thres terminal poshie naguloors
are avallabk in the TO-220 package and wih sevaml
fesd cutpul volages, making them weshd noa wide
rangs of applications. Each byps amploys Inkernal oument
Iimbire Tl shadl down ard safe operaling ans pro-
bachior, makineg 0 sssertally Fdectrucibi. o ediquats
hieat sirking k= provided, ey can dalvar ovar 14 ouiput
orrent. Akhough designed primarly as fed vollags
reguiabors, Hiess devioss can b ussd wih sxlemal com-
porenis b obdaln adustabk volages and cumsis.

Crrdering Infarmation

Froduct Humber Qutput Valtages Tolerance

Packags

Dperating Tamperature

LM7BOCT
LMTBECT
LM7B0SCT
LMTBOECT
LM7TB1SECT
LMTBE1ECT
LM7B1SCT
LMTE1ECT
LMTB24CT

=%

LMTBOZACT
LMTBEACT
LMTBEOSACT
LMTBERACT
LMTE10ACT
LMTBAZACT
LMTBE1EACT
LMTBASACT
LMTE24ACT

%

TC-z20

A0 +125°C

oo 15

B0 Fairch i ZTariconduciar Coarporsson
L3 LT s, Fiare, 1.0

sy ol e Lo

1oEnbay sbeyop sascd Wi [EUULEL-E WO LA T CEIAT
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Block Diagram

Ingul Sarias Pass Tt
[ Elemeni a
l | :
Curmant 204
Gerarabar Prafectizn e
| ] 1
Etarl Aalerenca Emor
Omul [ Volage ampliier
Thiermnal ;I.
Frotecion
o GHD
- E:
Flgues 1.
Pin Assignment
Tiougm
.:.J-‘E.
1. Input
1 £ END
2, Culput
Flgues 2.

Absaolute Maxirmum Ratings

&beolubs maximum ralings ars hiesa values Bsypond which damage 1o he devica may Socur Tha datashest
apecfcabions should b= mal, wkhouk sxoephon, bo snsura that e sysham deslgn s relable over Ho power Supply,
tempsraiurs, and cutpul'inpul losding vanables. Fairchld doss nct recommend cperation oulskde dodarhest

specfcabons.
Fymbol Parameder Valug Untt
W Irpul Wotlags Wg = E¥ 1o 18Y 25 Y
Wi = 24 40 W
R Thermal Raskshncg Junchon-Cases (TOWZ20) 5 AN
Rau Thermal Aesksancs Junchor-Alr [TO-220) &5 R
Toen Qpsring Temparaiure LMTEa <0 b 135 h=
Rarga LMTEos 0 b +125
Torg Etorgs Tempamirs Fangs -6 bo +1 50 =
2 e i il e Loom

LA TE R LW S Resr 1.0

1opE ey ebey o) sasod W [EUULEL-E WIOB LN T KB
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Electrical Characteristics (LMTB05)
Fiafar 1o e bask drouls. -400C = T, < 125°C, |5, = S30mA, ¥, = 10V, ) = 0.1 1F, uless ofranwisa spaciisd.

Symbel Parametar Conditlons Min. | Typ. | Max. | Unit
Vo [ Ouputiage Ty= 4250 43 5.0 E.2 v
Ema g s 14 Po s 15W, 475 | 50 | GIS
W= T 10 B
Regine |Lina Aagulabord | Ty 425" [V =TV o BV - 4.0 i [ omy
W =BV B0 13V - 18 | =m0
Regicad |Load Femlation’! Ty=+25°C [Ig=Emats1.54 - 0.0 1w | my
lg=2S0mAbeTsma | - 40 | oo
Iz, |Quisssent Cumsnt Ty 25 - 5.0 &0 mA
il |Quescert Cument Chargs [ 1= Ema o 12 - o3 | oE [ ma
N = T o 25N - 0.3 1.3
SVAT | Duput voltags Crnt o= Em& - 2.8 - | mwrc
Wy | Cuput Hebss Vokage T= ACHz bo 1 BIKHE, T, = 42570 - 42.0 - | weng
RR  |Fipple Rejactiors™ 1= 120HZ, W = BY o 18Y g2o | TR0 - dE
Wpece | Cropoul Votlage lo= 1A, Ty = +25°C - 2.0 - v
ro | Output Aezksknce® 1= 1kHz - 15.0 - Tl
lg | Short Circuk Cument W= 35V, Ty = +35°C - 220 - mA
Ime | PeakCurnent®! Ty +25C - 2.3 - A

1. Load and lne reguiation are speciled al consfont |unclion lemperature. Changss n Yy dus b heating efiecls must
b Takan info acoount separabaly. Pulss Testing wih low duby |5 ussd

£ Thess paramaiers, akhough guamntead, are not 100% besled in production

LWL T2 s, Fav. 1.4

s il e Lo

Jopenbey ebeyop saisod W) [EWULE]-E YIOBLN WX XBLN T
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Electrical Characteristics (LMTB054) isontirued)
Fiefar 1o e last drouke, 000 < T, < 1250, |g = 18, = 10W, O = L33UF, Cg = 01RF, urless ctharwise spacfied.

Syrnbiol Pararnetar Conditlens Min. | Typ. | Max. | Unl
Vo | CutputVotiags T, = +25'C 40 50 £ v
Iz = Ema b 14, Fo < 15W, 4.8 50 5.2
W) = TEW 1o 20
FAegine |Line Aeguibcr = W\ = TN 1o 25N, |, = E00mA, - 50 | =00 m
W) = BY bo A2 - a0 | 00
Ty = 4250 W)= T3 0 20V - T
W) = B 10 12 - 15 | 250
Fegicad |Lcad Feguiation ™ | T, =+25'C, = SmA o 154 - 0o 100 i
I =Ema o 14 - 0o 100
Iz = 350MA 42 THOmA - 40 | =00
Iz |Cuessert Cumert T, = 4250 - 50 &0 ma
i, |Cuescert Cumert I, = Ema o 14 - - 05 ma
Cranga W\ = BY b0 25, | = E00mMA - - Y]
W = TEW 10 20V, T, = +25°C - - Y]

AVoIAT | Cutput voliage CrREY 1o = 5ma, - 4.8 - | e
¥y |Ouput Mobs vokage  [F = 10HE 1o 100KHE, Ty = +250T - 104 - UV,
R |Fipple Fejadioni= |1 = 120HZ, I, = CO0MA, ¥, = 8¢ 1 18 - BE D - ]

Npeoe | Cropoul Yoliags I =14, T = +25°C - a0 - v
ro | Output Resilnce™® |1 = 1kHz - 170 - mi
lgz | Shomt Crouk Cumert |V = 354 Ty =250 - a5 - ma
I | Peak Curmant®™ T, =+85'C - 2z - &

10. Load and Iine reguialion are specilad ail constart |unclion femperature. Shangss i ¥, dus b heating afecs must

1oqEnbey abeyop ansod Vi [BUULSL-E VOB AN BN

94

b laken inlo acoount saparabsly. Pulss Tasting wilh low duty |5 used
20, Thess paramatens, athough guaranbzsad, are not 1 00°% bested In production.
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Typical Performancs Characteristics
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Flgure 3. Quiesc=nt Current
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Figure 5. Gutput Voltage
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Typical Applications

=, LMTEHN o
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Mechanical Dimensions
Cimerskcns In milmetsrs
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JHD162ZA SERIES
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Tabla 12. AC Charscharislies (Vgg = 4.59 - 5.5¥, Ta = -30 - +05°C)
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Mlsde Characberislee Symbal Min. Mus. Unit

E Cyele Time [ 804
E FRiga | Fall Tirs il 20
£ Fulza Widsh {High, Lo} 2] 230

iﬂw:lgifﬁl R and RS Satup Timea Baul a0 i
R and RS Mokl Timd LT} 10
Dats Sedup Time AT 1
Dimls Hold Tims L] 10
E Cycle Time L 500
E Risa/ Fal Tima L™ 20
E Putis Wit {High, Lo} Ewe FEL

iﬂﬂﬂ:ﬁn RUW sd RS Selup Tane b 40 -
R and RS Haold Tima I 10
Data Cutput Deday Time Ip 120
Diata Hold Times o 3 -

Tabda 13. AC Characheriifics (Vg =2.7V ~ 4.5, Ta =-30 - -I-Bﬁ""m
Mods Characierigiic Symnibod Min. Mas. | Unit

E Coycha Tima iz 1000 =
E R | Fall Thre Tuly - F =]
E Fulsa Widen {High, Lo} T 450

mnrﬁlrf:ﬁd;m AW and RE Selup Time et &0 -
RW and RS Hold Tima Ly 0 .
Daia Sstup Teme I 1= ]
Diena Huld Tins g 0 2
E Cyde Time ™ [es] -
E Risa /| Fall Tors (ERES s F -]
E Pulss Wil [High, Low| t 450 -

_:H;"‘T:;:” AW snd RS Salup Tane taus B0 - -
R and RS Hold Tima %1 a0
Data Cutput Dielay Time ta - w0
Dimla Hold Time Eam 5
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Current Sensor: ACS754xCB-050

The Allegra ACS T x Gindly of cemant sensors provides sconommical and
precise sohmions &mwmmmmmtmulmﬂ.
commmmications syvieos. The device packzge allows for sy 1
Ty the costomar. Typacal applicatioms inchds motor control, boad detection and
mnagemars, pewer wpplss, and ersemummes frsit proscsio
The &nice comsinh of 3 precision, low-offet near Fall semcor cirouit with &
coppar condnction path located near the die. Apphied ot Sowing throngh
ithis coppar comduction path genorates 2 aemetic Sald which t semsed by the
ningmi-ci[‘hll]l: and comered o a proportional veltage. Device accaracy

15 optizmzed through the clows prodmity of the poaemotic signal to the Hall
transducar. A precise, proporbonal volge is provided by the low-oiSet, choppar-
wizhilrad BiCACS Hall IC, wiich is programemed for acomacy at the faciory.
The output of the device has a positive shops {=V- "I} when an Inceasing
curreat S throngh the pricsry copper comdnction path (fom temmiml 4
tarmmml ), whtch is the path nsed for et sencing The internal resisbmcs of
this condactive path is typically 100 i, providing Lo powar loss. The Socknass
of the copper condnctor alloos sumvial of the device af ap o 5= overcmmant
condiions. The temsinals of the condectioe pat am alectrically iwolated from the
sansor lads (pins 1 throngh 3). This allows the ACSTix Sty of sensors to be
nvad in applications requinizg elecical solation withote the wse of opto-teolaiom
B or othar costhy isolation techeiqoo:
The dnice is fully caliteaed prior to shipesat o the faciory. The ACETix
Forily i kead-fea. All leads are coated wdth 1007 matte tin, and s i oo lead
inside the pacicage. The beary pmes: ladframe b pode of oxysun-fee coppar
Features and Sensfite
+  Monoithic Hall IS for high reliabillty

i

Package CB-PSS

i . Single +5 V supply
2% v 3 KVyous I50(00N voitage between ferminals 445 and pins 11273
« 35 KHz bandwidth
Fin 1 Wil Torrronal 4 1P+
Fin > @MD Tarrrsinl & [P + Aufomofive tempersiune range
P& LT + Ena-of-ine Tactory-immed for gan and offset
ABSOLUTE MAXIMUM RATINGS | Ao et supas nom sty vattage oo
Sepply Viltage, Ve :Ii"i.: + Extremely stabie ouipul offsel voitage
H‘"""@ﬂ g Ve |+ Smail package stze, with easy mounting capabiity
T .
S A “agw| + Dupt proportionsl to ac and dc cumens
Chupel DLmﬂllElﬂJl:.f.:.:ls-‘; 2 mi
Chutppel. Ciarrenl Sank, Lowrmysisty I ma .E; lzation
COyeraiting Temporliss, « Serva E!EE’IT'E-
Ambical, T, [ mnge 2] e LEPC| . ||'um «  POWED Conversion
Ambricel, T, 8 runge 20 g E5"C ' " EIE'IT maniors
Felpcmem Il.n.'l.'rm1_'|'a_‘| 1&"C

Mucmem Sorage Tompoalae, Ty .~ @ IN*C|  Ths the following complets pert mombers whan cndering:

Pari Humbar Elgral Finc Terminalc Ambesnt
BLE TS CE DS PTF Fummy Fume
BEETES (R OSIFEF Fumed e —h TSP
M TV BB TEALC B DS PES ETT ETTo

P e T ot
Cantificie b P e T Tommd g | -0 B5G
c US e o 11 sria oo P e ETTE Swgn |

[ TE vl {0 e A
ACETSADSIFDE, Aey. 3 ] P T - UL RN EEAL
L LS P e
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Current Sensor: ACS754xCB-050

Functicnal Block Diagram
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Current Sensor: ACS5754xCB-050

ELECTRICAL CHARACTERISTICS, over cperating ambilent tsmperaturs rangs unlscs othenwics cirbsd

Charsctericio Symibol Tact Condrions Min. T Wz Units
Frimary Gensed Cument = —=0 - 0 n
Supply VoRage Wiz 45 3] 55 W
Eupply Cument [ Voo = 5.0 ', DUpet open ES g 0 ™A
Ciput Resstance Bt Iy = 1.2MA - 1 2 [
Cuiput Capacitance Load Cooan WOUT 1o GHD - - 0 nF
Coiput Foesstive Load P oan WOUT 1o GHD a7 - = [T}
Frimary Conductor Resstance Framaar |lp= 1008 T, = 255 - 00 = u
Finz 1-3 and 3%, 60 HZ, 1 minee 30 = = KV
PERFORMANCE CHARACTERIZTICS, 200 10 +BE°L, W, = 5 '/ UMIESs Cnenyise sperifed
Fropee@bon bre [ o= =0A, T, =250 = ] = =
F=sponme tme Temorcmmr  |lm= =508 T, = 25C = 12 = =
Fise tme K o= =504 T, =250 - Tl - s
Frequency Bandwdin T 0B .7, =I5 = 35 = kHz
Crver Pl range o I, T, = 25°C = 0 = T,
Semitiety S Cever Bl range o I, ITE = 220 TR,
Moise [ — E:"w:“ “1':';;-‘- =25 - 55 - my
Teoniin=arty = Crver Sl range o I = = == %
Eymmety o Cevmr Bl range o |, E 00 [Iie %
Zero Cument CulDLE voiage Voot |1 =DA T =25 = Vool 2 = W
Eecrica Cffsat vosage - T=OA Ty=5C -0 = 0 ™y
(Magn=ac emor not inciuded) T T=OA i) = 1] [T
Magnetc Ciset Emor Irmom 1= DA af=r sycorsion of 1004 = =1 =030 A
Total Chrpet Emor Crer Bl TaNgE o I, T, = 2570 = =10 = E
(ncuding ail ofsets) Erar Trver il range o I, = = =50 E
PERFORMANCE CHARACTERIZTIZS, S0°C to +160°C, Wy = 5 ¥ LNz oinermse spechsd
Fropeeabon bre [ o==0A, T, =250 = ] = =
Fe=sponse tme [ - 12 - s
Fize tms K, o= 250A T, = 250 - M - ™
Freguency Eandwadin T 0BT, =150 = ER = kHZ
Crer Bdirange i, T, = 25°0 = 20 = T,
et fom Cever Bl range o I, £ = 25 T,
o e e =1 - |~
Teoniinearty E Cover Sl range o I, = = == %
Eymmety £ Crver Sl range o I, E 00 [Iie %
Zero Cument CulDLE voiage Voomm  |1=0A Ty = = Vool Z = W
Eecrca Cffsat vosage - T=OA T, =250 T3] = 0 ™y
(Magnedc emor Rt Inciuded) o T=DA -3 = E5 ™y
Magretc Ciiset Emor lrmom | 1= DA afi=r sycorsion of 1004 = =01 =040 A
Total Chrpet Emor Crver Bl range oI, T, = 25°C = =10 = %
(ncuding ail ofsets) Erar Crmr Bl range & I, = = PEE] B
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Current Sensor: ACS754xCB-050

Definitions of Accuracy Characteristics

Semsitivity (Sess): The change in sensor ousput i esponss toa 1A chonge Seomgh the prinery condector. The sansitivity is e
prodnct of the mametic oot sensittity (GnA) amd the Inser IC ammplifiar gain (mk'F). The linsar [T amplifier sin is mimmed af the
factory to optinmzs the sy (oA for the Sl-scale oot of e davice.

i (Wi p): The product of the Encar IC applifier gain (e} 2nd e noise finar fior e Allegro Ehll effect lincar IT (1 ).

T motsn foar is derved froes the tharmal and| shed neise cheared = Hall clements. Direiding fo notse (m'V) by the sexathty (mb
A} procidas the omallest crorent that the denice is abls o msohs.

Limearity {Ey ,»): The degres to wiich the woltage outpat Som the sensor wamios I direct proportion o the: prizmery ot Soongh
its. fll-scals amplimde. Limearity mveals the moaximmm deviton from e ideal mamfer ames for S tasducar. Nonlinearity m the
et can be atmiated to the Ein variation acrows Rmperais and sammton of the Sex concenimator approacking the full-scale qor-
rant. The following squation & used to darhs the Excarity:

|l]l]| [-ﬁp = Flen il T p'-:-l.rnq" ]|
1 l.l.ll:_l:l:l]l'-u:ll: T p;:d_rnq."

wiare

A gain =tthe: gain varistion as a fimetion of twmperatme changes fops 27°C,

%% st = Se parcentage of sataeton of the fhx coocentrator, which becomes significant 25 the oot

btz semsed appovaches fill-sale=ly, and )

Var Bubacus smparn = e output volags (V) whes the sensed curmnt approecioies full-scals =
Symmetry (Egyy): The degmes to wich the absobrts voltage ctput Som the semsor vames in proportion to sither a positive or om-
e full-scale prinsry cument. The: follewing equation is nsed fo darive symmtry:
Fis —i:]]-lukmpn._rﬂl.mm]
p-.w:\ll.l'l'u: —Fa —iJIl-::lkan::l.J
Qumm-wwmnqkmmihmmmMMEm Fora wipolar supphy veiags, it

mamaing at V2 Ths, Ve = 3V translases it Vi g, = 2.5V Vamiation i Vi ) 02w be attritested fo e esolation
of tho Allegre Ereer IC quisscant volizge tim, magnetic Inrvienesis, and thaoml drft.
Electrical offset volisse [V - The doviation of the: device otput from it ideal quissoent valne of V-2 doe fo noomagmetic camses.
Magnetic offzet error (Lp poe - The mametic offeet is doo to the residnal masmetoe (memaet Sald) of the com maienal The mag-
netic offet aror is o ghest when the magnetic cinout kas bean sahmated, wmalhy when S davice has beam subjected to a fill-scale o
high-murrent eradoad comdition. The payenetic offset is hirgely depondent on the material used s & fex conceiraior Tho brge mag-
netic offiet am chsaned at the lower operating semparatrres.

Arcuracy (Eqpn - The accaecy represeats the moxime denviation of the achud autpat from s ideal vane. This s also knoom 25 the
total cuput emer. The acomracy is illustated graphically o the Ot Veltage verms, Cirmet chart on the following pages.
Acouncy &5 divided e four ansas:

s QA af 25°C: Acamacy of sensing s aummet Sowr at 15°C, without the afech of mopantas,

* A over iemnperaiure: Accuracy of sezsing rero camen fow mchedng terporater effecs,

» Fall-soale corresst i 25°C: Accaacy of sensing the fnll-scals arzan o T5°C, withon the effects of emparshms.

» Full-soale corress over A tempperature: Accaacy of wesing foll-waks corant flow inchnding eparras afect.

4
« W T b (o e A
ACETZADSOFDE, Aew. 3 ] < vantn Sl
L] Mrinu=Lla

[fi 0




109

Current Sensor: ACS754xCB-050

Typical Percentage Error versus Ambient Temperature
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Current Sensor: ACS754xCB-050

Definitions of Dynamic Response Charactenstics

FPropagation delyy (Eypop): The time required for the sensor curput to reflect a change in the primary curment
sizmal Propagation delyy is atiributed to inductive leading within the linsar IC package, as well as in the mduc-
dve loop formed iy the primary conductor geomey. Propagation delay can be considered as a fised tme offset
and may be compensated.

1] ‘l,-—mur.unu

Response time {fgpspoeeg): The time inferval between a)) when the primary ourent signal reaches 20%: of is
fimal vahus, and b) when the sensor reaches 80%: of its output comesponding o the applisd oomrent.

|r|u-| _.-'_""."w
= Fi

\"—'ml-ﬁ.l

e e LT

Rise time (t,): The iime inferval betwesn a) when the sensor reachss 10% of its full scale value, and b) when
it rewches 907 of is fall scale value. The rise fims o a siep response is nsed o derive the bandwidth of the
cumrent sensor, in which f-3 dB) =0.35/1. Both i, and fgpqpoesy e deimimentally affected by eddy current
loszes observed in the conductive IC gronmd plane and, to varying degrees, in the farmmous fux concenirater
within the oument sensor package.

i i lll,—r-'r.ru.m.-
e e

""‘—'ml-ﬁ.l

St Toes,

T
; N Alleoro: iomms
ACSTSAISI-DE. Aev. 3 [ 't L] o s
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APPENDIX F

APFC Program
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AUTOMATIC POWER FACTOR CORRECTION DEVICE PROGRAMMING

USING PIC-C (COMPILER)

#include <18F4550.h>
#device adc=8

#use delay(clock=20000000)
#use standard_io (A)

#use standard_io (B)

#use standard_io (C)

#FUSES NOWDT,HS,NOPROTECT,NOBROWNOUT,NOLVP

I/ LCD STUFF

#define LCD_DO PIN_B4
#define LCD_D1 PIN_B5
#define LCD_D2 PIN_B6
#define LCD_D3 PIN_B7
#define LCD_RW  PIN_B1
#define LCD_EN  PIN_B3
#define LCD_RS  PIN_BO
#define LINE_1  0x00
#define LINE_2  0x40
#define CLEAR_DISP 0x01
#define DEGREE_SYM Oxdf

void LCD_Init ( void );

void LCD_SetPosition ( unsigned int cX);
void LCD_PutChar (unsigned int cX);
void LCD_PutCmd (unsigned int cX);
void LCD_PulseEnable ( void );

void LCD_SetData ( unsigned int cX);

void main()

{byte k;

delay_ms ( 200 );
output_low(PIN_B1);

/I set adc port
setup_adc_ports(ANO|VSS_VDD);
setup_adc( ADC_CLOCK DIV_16);

LCD_Init();

LCD_SetPosition (LINE_1+2);

printf (LCD_PutChar, "MOHD AZUARI ™);
delay_us (3000);

LCD_SetPosition (LINE_2 +4);
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printf (LCD_PutChar, "EC 07070 "*);

while ( TRUE )

set_adc_channel(0);
delay_us(80);
k=read_adc();
output_d(0b0000000);

if(k>12){output_d(0b00000001);

LCD_SetPosition (LINE_2+0);

printf (LCD_PutChar, "CAPACITOR STEP 1");
LCD_SetPosition (LINE_1+1);

printf (LCD_PutChar, "P.F CORRECTION" );}
else if(60>k>70){output_d(0b00000011);

printf (LCD_PutChar, "CAPACITOR STEP 2");
LCD_SetPosition (LINE_1+1);

printf (LCD_PutChar, ""P.F CORRECTION"); }
else if(150>k>200){output_d(0b00000111);
LCD_SetPosition (LINE_2 +0);

printf (LCD_PutChar, "CAPACITOR STEP 3");
LCD_SetPosition (LINE_1+1);

printf (LCD_PutChar, ""P.F CORRECTION");}

}
}

void LCD_Init ( void)
{
LCD_SetData ( 0x00 );
delay ms (200);  // wait enough time after \VVdd rise
output_low (LCD_RS);
LCD_SetData (0x03); // init with specific nibbles to start 4-bit mode
LCD_PulseEnable();
LCD_PulseEnable();
LCD_PulseEnable();
LCD_SetData (0x02); // set 4-bit interface
LCD_PulseEnable();  // send dual nibbles hereafter, MSN first
LCD_PutCmd (0x2C); // function set (all lines, 5x7 characters)
LCD_PutCmd (0x0C); //display ON, cursor off, no blink
LCD_PutCmd (0x01); // clear display
LCD_PutCmd (0x06 ); // entry mode set, increment

}
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void LCD_SetPosition ( unsigned int cX)
{
/I this subroutine works specifically for 4-bit Port A
LCD_SetData ( swap (cX ) | 0x08 );
LCD_PulseEnable();
LCD_SetData (swap (cX) );
LCD_PulseEnable();

}

void LCD_PutChar (unsigned int cX)
{
/I this subroutine works specifically for 4-bit Port A
output_high (LCD_RS);
LCD_SetData (swap (¢X)); // send high nibble
LCD_PulseEnable();
LCD_SetData (swap (cX)); //send low nibble
LCD_PulseEnable();
output_low (LCD_RS);
}

void LCD_PutCmd (unsigned int cX)
{
/I this subroutine works specifically for 4-bit Port A
LCD_SetData (swap (¢X)); //send high nibble
LCD_PulseEnable();
LCD_SetData (swap (cX)); //send low nibble
LCD_PulseEnable();

}

void LCD_PulseEnable ( void )
{
output_high (LCD_EN);
delay us (10);
output_low (LCD_EN);
delay ms (5);

void LCD_SetData ( unsigned int cX)
{
output_bit (LCD_DO, cX & 0x01);
output_bit (LCD_D1, cX & 0x02);
output_bit (LCD_D2, cX & 0x04 );
output_bit (LCD_D3, cX & 0x08);
}
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APPENDIX G
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