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ABSTRACT

System protection is the important requirement in electrical power system. The
using of protection system can avoid and prevent system from damaged. Electrical
energy has caused dangers to human life and machine. Earth leakage circuit breaker
(ELCB) is one from protection device that introduced to protect the system. This device
is the brain of protection system that monitors input current from power line by it sensor
Zero Current Transformer (ZCT), then sending the tripping signal to mechanical switch
to disconnected system. ELCB is widely applied by consumer weather is for resident,
factory, laboratory and also in power distribution. Because industrial operation requires
protection of their Equipment from the lightning, short-circuit and also over-current, so
the ELCB will serve the purpose as the protection of their system. This project will
focused to improve the ability of current ELCB so that it have ability in identify fault,
act accordingly, display the fault(permanent fault and temporary fault) and also re-close
it back to normal condition.PIC will execute their instruction when different current
from both of current transducer is exceed pre-determine value of sensitivity,L00mA. In
this project PIC microcontroller will control and operate solid state relay which

replacing the application of current mechanical switch.



vii

ABSTRAK

Sistem perlindungan adalah keperluan penting di dalam sistem kuasa
elektrik.Penggunaan sistem perlindungan boleh mencegah dan melindungi sistem dari
kerosakan.Tenaga elektrik telah menyebabkan bahaya kepada kehidupan manusia dan
mesin.Pemutus litar bocor ke bumi(ELCB) adalah salah satu sistem perlindungan yang
diperkenalkan untuk melindungi sistem. Peralatan ini adalah otak bagi sistem
perlindungan dimana ia bertindak sebagai pemerhati arus masukan daripada talian kuasa
oleh pengesan Zero Pengubah Tanpa Arus (ZCT),seterusnya menghantar isyarat
pemutus kepada mekanikal suis untuk memutuskan litar. ELCB digunakan secara
menyeluruh oleh pengguna sama ada untuk kediaman, kilang, makmal dan juga
pembahagian kuasa. Oleh kerana operasi industri memerlukan perlindungan mesin
mereka daripada Kilat, litar pintas dan juga lebihan arus, maka ELCB ini akan digunakan
bagi tujuan perlindungan kepada sistem mereka.Projek ini  menumpukan kepada
penambah baikan keupayaan ELCB sedia ada yang mana ELCB berupaya dalam
mengenalpasti kesilapan,bertindak sepatutnya, menunjukkan kesilapan dan juga
menyambung kembali litar ELCB kepada keadaan asal.PIC akan melaksanakan arahan
apabila perbezaan arus antara dua alat pengesan arus melebihi nilai sensitiviti
ELCB,100mA. Dalam projek ini,pengawal PIC akan mengawal dan menghidupkan relay
keadaan tetap(SSR) yang mana menggantikan penggunaan suis mekanikal yang sedia

ada.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

The idea of the project is refer on the problems and weakness of ELCB.
Nowadays, ELCB that available in market is controlled manually and cannot turn ON
automatically. Beside that, ELCB today cannot differentiate between permanent fault
and temporary fault. According from that problem, it bring the problem to consumer
who were not at home and do not understand the danger of permanent fault if the kind of

fault happen.

This project s focused in the development and new design a unit of auto re-closer
earth leakage circuit breaker (AR-ELCB).The main purpose of this project is more to
upgrade the ability of ELCB. Auto re-closer ELCB can differentiate and act differently
with different type of fault. The concept is easy to understand which if fault happen,
ELCB will trip automatically and disconnect the circuit. If temporary fault lie lighting
happen, ELCB will close back automatically and circuit is connected back in interval
time that has been set. If permanent fault like electrical, electronic device or short circuit
is detected, ELCB will eternally trip and permanent faulty lamp/buzzer will function as
alert to consumer. When fault root cause is removed, the consumer need to manually

switch ON the ELCB and that case is just especially for permanent fault.



In this project, |1 have planned to use the programmable interfacing controller
(PIC) as control element and can make system more efficient and accurate. To get new
auto re-closer ELCB, we must combined control element and old ELCB. In this
combination, we must consider all power and source value for voltage and currents of
each device and for it, we must know to design the new additional circuit to fix the
voltage and currents which the value is suitable to interface with control element and

could work together.

1.2 Objective

The objectives of this project are:

I.  To develop the auto re-closer earth leakage circuit breaker(AR-ELCB)
ii.  To improve the ability of earth leakage circuit breaker(ELCB) unit
iii.  To notify the type of fault whether temporary or permanent fault

1.3 Scope of Project

The scopes of this project are:

i.  Studied and explored about all the function of ELCB
ii.  This project focused to modify and improve the ability of ELCB to assign
whether permanent or temporary fault.
iii.  Different output on the AR-ELCB device depend on the fault detected
iv.  Development programmable interfacing controller (PIC) application as control

element of circuit



1.4. Literature Review

There are two types of ELCB, the voltage operated device and the differential
current operated device. For the convenience of this article only (and at the risk of
causing even more confusion) I will refer to these as VELCB and iELCB. VELCBSs were
first introduced about sixty years ago and iELCBs were first introduced about forty years

ago.

VELCB is a voltage operated circuit breaker, the device will function when the
Current passes through the ELCB. VELCB contains relay loop which it being connected
to the metallic load body at one end and it is connected to ground wire at the other end.If
the voltage of the load body is rise which could cause the difference between earth and
load body voltage, the danger of electric shock will occur. This voltage difference will
produce an electric current from the load metallic body passes the relay loop and to
earth. When voltage on the load metallic body raised to the danger level which exceed to
50Volt, the flowing current through relay loop could move the relay contact by
disconnecting the supply current to avoid from any danger electric shock.

IELCB is current operated circuit breaker. The device will function with when the
Current passes through ELCB. This current admitted to current transform device and on
the load. Current from the load also admitted again to transform device. In normal state,
total current applied to load is equal with total current out of the load. Because of the
balance of in and out of current, it does not affect the current transform device. If there is

any earth current leakage caused by earth damage, then the in and out current.[1]

In Europe, where electromechanical ELCB’s are used almost exclusively, the
question of reliability of installed ELCB’s has become a subject of major concern and
attention. The popular hype regarding perceived reliability of electronic components was

not sufficient to prevent the major South African manufacturer, some five years ago



from changing their entire ELCB range from electromechanical to electronic technology
ELCB’s. The improvements in reliability that resulted from this decision are
complemented by their freedom from safety performance limitations often found in
lower specification electromechanical earth leakage circuit breakers. The pioneering
South African developments in sensitive earth leakage protection originally used
magnetic amplifier technologies to reach the required sensitive residual current tripping
levels necessary for shock hazard protection in human beings. Respite the lack of
maturity in electronic components during those early days, a move was made away from
magnetic amplifiers to solid state electronic technology in order to overcome the

identified problems of noise, size and cost. [2]

This paper traced the development of earth leakage circuit breaker and indicated the
very real need for such protection against both shock hazard and fire risk. Largely
influenced by the highly sensational issues of the effects of electricity on the human
body. Most publicity and media coverage relating to earth circuit breaker has, quite
naturally concentrated on shock hazard protection and the related life saving capabilities
of the device. it is only, that understanding prevails in regard to the dramatic reduction of
potential fire hazard in premises that have been fitted with sensitive earth leakage

protection.[3]

Most problems in discrete relay schemes is that of contact racing and timing
tolerance on pick-up and drop-off of the various relay elements within the schemes. To
overcome this problem, it often necessary to add additional element, or very selective in
the type relay used. Beside that, lightning never strike the same place twice. This means

that in any one auto-reclose sequence several different types of fault could be present [4]



1.5. Report outline

Chapter 1 will explain about the early process before begin that project. It
include the project background, objectives, scope of project and literature review.
Project background is about ELCB today altogether with their problem. Objectives and
scope of project is target to resolve that problem. Then, before we start that project,
literature review about that device is most important to get more data and information

about that device.

Chapter 2 will explain detail definition of ELCB. From that, we can find all
information about that device. Beside that, we can see two type of ELCB available in
market which has different characteristic and method operation. According from
analytical about that device, this chapter is include the problem of ELCB with more
detail.

From chapter 3,we will see the construction inside the ELCB device. It include
component of Zero current transducer, black box, mechanical switch, reset button and
high level resistor. From combination of that component, it will integrated together to

perform ELCB operation.

Chapter 4 will explain about the development auto re-closer ELCB. It include
project flow how to start that project. Other planning is proposed design circuit to
replaced old circuit of ELCB. After that, we can see the flow chart how that new device

is operate and how PIC application of PIC make the system more reliable and effective.

At chapter 5, it will explain about expected result and conclusion about early
planning along produce the new device ELCB. From expected result, we can conclude
whether the project will be successful or not.



Finally at end of chapter 6, this chapter will explain about costing and
commercialization. We can estimate the cost for design one unit of auto re-closer earth

leakage circuit breaker



CHAPTER 2

EARTH LEAKAGE CIRCUIT BREAKER

2.1 Introduction

This chapter describe about nowadays earth leakage circuit breaker that used in
240Vac for domestic appliances. Before start any project about that device, it is
important to analyze and understand the basic of the ELCB device and know how the
device work actually. To achieve the objective for this chapter, the research of earth
leakage circuit breaker is done by exploring the 240Vac ELCB that normally used for
domestic appliances.

The objectives of this chapter are:

I.  To know the system of basic Earth Leakage Circuit Breaker
ii.  Tounderstand how the device work

iii.  To analyze the problem of ELCB

2.2. Earth Leakage Circuit Breaker (ELCB) Device

An Earth Leakage Breaker (ELCB) is devices that detect leakage current and

protect consumer from electric shock if leakage current occurred. the device is used to



directly detect current leaking to earth from and installation and cut the power. For
example, if any fault happens, ELCB will detect and trip, so the electrical supply is
disconnected.

ELCB must fitted in main switchboard in every home to prevent electric accident
and this is very effective way. If we using electric water heater equipment, additional
ELCB need to be specially fixed in order to monitor the heater water. This precaution is

god in ensuring your house safety.

There are two type of ELCB mostly used and available in market. That type is
voltage earth leakage circuit breaker (vELCB) and current earth leakage circuit breaker.
Few years ago, the was VELCB is mostly used, but its utilization was currently had been
abolished because it was less effective. Then, iELCB is introduced to replaced VELCB
immediately. The iELCB is more sensitive to any damaged in assembly and electrical

appliances at domestic

2.2.1 Voltage Earth Leakage Circuit Breaker (VELCB)

VELCB is a voltage operated circuit breaker, the device will function when the
current passes through the ELCB. The principle of operation of the VELCB is as follows.
Under normal conditions the closed contacts of the VELCB feed the supply current to the
load. The load is protected by a metal frame, such as in an electric cooker. The VELCB
also has a relay coil, one end of which is connected to the metal frame and one end
connected directly to ground. A shock risk will arise if a breakdown in the insulation
occurs in the load which causes the metal frame to rise to a voltage above earth. A
resultant current will flow from the metalwork through the relay coil to earth and when
the frame voltage reaches a dangerous level, e.g. 50 volts, the current flowing through



the relay coil will be sufficient to activate the relay thereby causing opening of the

supply contacts and removal of the shock risk.

As can be seen from the above description, this type of ELCB is essentially a
voltage sensing device intended to detect dangerous touch voltages. The level of shock
protection provided by the VELCB was somewhat limited as these devices would not
provide shock protection in the event of direct contact with a live part. An additional
problem with the VELCB was its tendency to be tripped by earth currents originating in
other installation

2.2.2 Current Earth Leakage Circuit Breaker (iELCB)

The IELCB was introduced in the late 1950's. It operates on the following
principle. Under normal conditions the closed contacts of the iIELCB feed the supply
current to the load. The load conductors are passed through a current transformer (CT), a
doughnut shaped device. The load conductors act as primary windings of the
transformer. The CT is fitted with a secondary winding. Under normal conditions, the
total current flowing from the supply to the load will be the same as the total current
flowing back to the supply from the load. As the current in both directions is equal but
opposite, it has no effect on the CT. However, if some current flows to earth after the
IELCB, possibly due to an earth fault, the current flowing to the load and from the load
will be different. This differential current will cause a resultant output from the CT. This
output is detected and if above a predetermined safe level, it will cause the IELCB to trip

and disconnect the supply from the load.
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2.3 Problem of ELCB

Earth leakage circuit breaker is one type of device used especially as a protection
device. The main function of ELCB is to cut off the electrical supply when the fault is
detected. But, the disadvantage for ELCB device nowadays, it cannot turn on itself and
back to normally condition if fault occurred. To connect the electrical supply back, the
consumer must turn on manually. But, if any person not in home, the electrical supply is

remain in turn off condition.

Beside that, ELCB cannot recognize fault whether temporary fault or permanent
fault. The principles of operation just to trip and disconnect circuit, but it actually not
recognize the type of fault. The ELCB will trip depend on temporary fault only and for
permanent fault problem, there is no output is created to ensuring the consumer safety.

The device is also cannot act differentially for these two types of fault. ELCB
device just detect and trip depend on temporary fault only. If permanent fault happen,
the consumer know the root of that problem and can see the reaction from ELCB. But in
permanent fault case, there is no output showed at ELCB, so it can create the danger like

electrical shock and other problem to consumer.

2.4 Electrical Fault

A fault is any abnormal situation in an electrical system in which the electrical
current may or may not flow through the intended parts. Also equipment failure
attributable to some defect in a circuit (loose connection or insulation failure or short

circuit etc.). Types of faults in a distribution network circuit are:

) Over-load
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i) Faults on electrical equipments
iii) Transmission lines faults

Over-load faults are caused by the unexpected increasing of loads. Faults on
electrical equipments are caused by lightning, insulator breakage, Product design which

is out of specification and Improper installations of equipments.

Most faults on transmission lines of 100kV and higher are caused by lightning,
which results in the flash over of insulators. Transmission lines faults are caused by,
lightning, storm, fallen trees, Snow. One of the temporary fault, is a fault lightning .

Where example of permanent fault is faults on electrical equipment.

2.5 ELCB Features

\

Push monthly
Acce

In 40A
Un 240V
lan 100mMA
JEC 1008

Figure 2.1: Home ELCB/RCCB with housing
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Figure 2.2: ELCB Structure

The figure 3.1 shows the ELCB home with the housing. figure 3.2 show the basic
construction inside ELCB.After separate that device,we can see all component inside
ELCB include ZCT,blackbox,result button. Three cable connection cable are labeled with

red,yellow and green to show the connection life,neutral and earth inside ELCB.

26  ELCB Design

The earth leakage circuit breaker consist the black box (coil),mechanical switch,
zero current transducer, high level resistor and reset button. Every component has
different operation and it combined in one circuit to create ELCB device. With supply
from TNB 240Vac, those devices flow through every component and lastly go to load.



Supply
From
TNB
240Vac

13

Black Box
(Coil)
] Zero
Mechgnlcal Corrent
switch
(Contact) Transducer
(ZCT)

N L

HIGH LEVEL RESISTOR

—y

Reset
Button

Figure 2.3: Earth Leakage Circuit Breaker design

2.6.1. Zero Transducer Current (ZCT)

o> Ot

I

Zero current transformers are used to detect unbalance current and send signal to

black box. In unbalance current condition, induced current is produced and it flow from

ZCT to other device in system.

2.6.2. Black Box

Black box in ELCB consist a coil. The function of black box is received the

signal (induced current) from zero current transducer. The coil in black box will activate

the mechanical switch after received the minimum current level 100mA from ZCT.
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2.6.3. Mechanical switch

Mechanical switch act as contact of black box and it used especially to cut off the
power and disconnect circuit immediately. Mechanical switch is directly connect with

coil which if coil is activated, it will removed the mechanical switch.

2.6.4. Reset Button

The main function of the reset button is to reset back the device to initial
condition. It is also used as a point to detect whether the device in good condition or

damage.

2.6.5. High Level Resistor

The high level resistor is used to limit the current flowing through its line when
reset button is pushed. When unbalance current happen, that device will fully function to

control the flow of current.
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2.7  Operation of ELCB

Supply

h 4

Mechanical
Switch

current flow

h J
ZCT Black Box

| sigmal send

LOAD

Figure 2.4: Earth Leakage Circuit Breaker Operation Flow

This flow showed the operation of ELCB during fault happen. In normal
condition, mechanical switch is already closed and give permission to supply through
ELCB and directly go to load. When the fault occurred, the unbalance phenomena are
detected by ZCT in ELCB. So the induced current will happened at ZCT. Induced
current that reached the min value level will send to black box and automatically will
activate the coil in black box. Then, when the coil is activated, it will remove the contact
of mechanical switch to trigger and cut off the supply instantaneously. If the condition
back to normal and has no fault detected, reset button is pushed to connect the electrical

flow.
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2.8 Summary

ELCB is an important device in electrical system and it available with two type.
IELCB and VELCB is the kind of type but both device is used for protection device for
electrical equipment and protect consumer from danger and hazard. Both device has
different operation to detect the current leakage and different characteristic. The main
purpose of ELCB is to cut-off the power when fault occurred. To make that ELCB
device more effective, ELCB must be able to act differentially following the kind of

faulty, so it can improve ELCB ability.
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CHAPTER 3

CONTROL ELEMENT CIRCUIT

3.1 Introduction

Control element circuit is the main controller for overall of the system. In this
project, it focused on using PIC18F4550 microcontroller as brain element for our
system. Earlier project, there is 3 type of PIC is considered to used in our project as
PIC18F2255,PIC18F4455 and PIC 18F4550.But in final decision,PIC18F4550 is
choosed based on their feature and it mostly used in many project before. PIC18F4550
microcontrollers use flash technology to allow rapid erasing and reprogramming to
speed program debugging. PIC18F4550 offer twelve different oscillator options,
allowing users a wide range of choices in developing application hardware. With the
click of the mouse in the programming software, the flash PIC micro MCU can be
instantly erased and then reprogrammed again and again. PIC18F4550 have large
amounts of RAM memory for buffering and Enhanced Flash program memory thus
make it ideal for embedded control and monitoring applications that require periodic
connection with a (legacy free) personal computer via USB for data upload or download
and firmware updates. Programming the PIC18F4550 is done by using C-language.
Besides, Microcode Studio software has been used to write the programming coding of
the PIC. Finally compile this type of programming language, the use of PIC Basic

Compiler have been used.
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3.2 PIC Microcontroller Feature

PIC is a family of Harvard architecture microcontrollers made by Microchip
Technology, derived from the PIC1640 originally developed by General Instrument's
Microelectronics Division. The name PIC initially referred to "Programmable Interface
Controller”, but shortly thereafter was renamed "Programmable Intelligent Computer”.

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 reprogramming with flash

memory) capability.

PIC microcontrollers are frequently used in automatically controlled products
and devices, such as automobile engine control systems, remote controls, office
machines, appliances, power tools, and toys. By reducing the size, cost, and power
consumption compared to a design using a separate microprocessor, memory, and
input/output devices, microcontrollers make it economical to electronically control many

more electrical and mechanical devices.

3.2.1 PIC 18F4550

In this project, the PIC18F4550 is choose to used as brain for our system, thus it can
make system more reliable and beside high computational performance. This PIC is
attached with 40 pin and every pin has different function. In this PIC, there are 4 type
port available like port A, port B, port C and port D. Port A is design especially with
ADC (analog digital converter). The function of ADC is to convert analog form to
digital form. It actually used to interface with PIC which PIC can operate if they

understand the information given in digital signal form. In PIC reader, PIC just can
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assign the logic signal whether logic 0 (OVdc) logic 1 (5Vdc). From the PIC port
configuration, this port can be set whether be output or input depend on the user
programming. To set the port, user must be decide early and make programming to
choose whether used port as input or output, thus PIC can understand and can perform
their instruction. Beside that, the crystal oscillator is used to generate the frequency
(pulse form) to the PIC. the relationship oscillator and PIC showed if high value
oscillator generate, PIC will execute the instruction more faster and in this project,
oscillator 20MHz is used to generate the pulse form. The figure 3.1 and 3.2 show the two
type of PIC18F4550 that usually used in other project. The number of pin is different
and method installation for pin TQFP microcontroller are more difficult to compare with

PDIP microcontroller.

40-Pin PDIP
. B \__/
MCLRARRRES —= [ 1 40 [T =—= RET/HBIIPGD
RANAND =—=[] 2 39 [T =—= REGHBIZPGC
RATANT =—=[]3 38 [T =—= RES/KBITPGM
RAZIANZIVREF-CVREF =—=[] 4 37 [T =—= RE4/AN11/KBINICSSPP
RAMANIVREF+ =—[] 5 36 [T =—= RBIANICCP2IMPO
RA4TOCKICIOUTIRCY =—=[] & 35 [T =—= REZANSINT2ZVMO
RAS/ANASSHLVDIN/CZOUT =—=[] 7 34 [T =—= REVANIVINT/SCKISCL
REDVANSICKISPE -— =[] & w o 33 [T == REOANIVINTOFLTOSDISDA
RE1/ANGICK2SPP =-—=[] 9 218 32 [J =—— Voo
REZIANTIOESPP =—=[] 10 v 3] =—— sz
Voo —=[] 11 ©w 30 [T =—= RDTISPPTIPID
Ves — =[] 12 oo 25 [T == RDESEPERIC
OSCUCLKl —= [ 13 [ 280 RDS/ISPPSIP1B
OSCUCLKOIRAE =~——r] 14 27 [0 =—= RD4/SPP4
RCOMIOSOITI3CK =—s[] 15 26 [T =—= RCT/RM/DTISDO
RCUT10SICCP2NUDE =—[] 16 25 [T =—= RCEMHCK
RCCCPIPIA =—e ] 17 24 [T =—= RCS/D+VP
Wuss =—=[] 18 23 [J =—= RCHD-VM
ROWDVSPPD =—= 19 22 [T == ROASPP3
ROV/SPP1 =—=[] 20 210 RD2/SPP2

Figure 3.1: 40-Pin PDip Microcontroller

44-Pin TQFP

PIC18F 4455
PIC18F4550




Figure 3.2: 44-Pin TQFP Microcontrollers

Figure 3.3: PIC18F4550

Below is the detail information about PIC 18F4550 features

8BIT FLASH MCU, 18F4550, DIP40
Series:PIC18F

Memory Size, Flash:32KB

EEPROM Memory Size:256Byte

RAM Memory Size:2048Byte

No of I/0 Lines:35

No. of ADC Inputs:13

No. of Timers:4

No. of PWM Channels:5

Clock Frequency:48MHz

Interface Type: EUSART, 12C, SPI, SPP, USB
Voltage, Supply Min:4.2V

Voltage, Supply Max:5.5V

Termination Type: Through Hole

Case Style: DIP

No. of Pins:40

Operating Temperature Range:-40°C to +85°C
Max Operating Temperature:85°C

Min Temperature Operating:-40°C
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o Base Number:18
o Bits, Number In Timer:16
o Bits, Number in ADC:10

Table 3.4: PIC18F4550 Features

Pin
. NUmber | pin | Buffer -
Pin Name PO | Tvpe | Type Description
S0IC
MCLR/VPRRES I Master Clear (input) or programming voltage (input).
MCLR | 5T Master Clear (Reset) input. This pin is &n active-ow
Resst 1o the device.
Vee P Programming voliage input.
RE3 I 5T Digital input.
QSCUCLKI 9 Oacillator crystal or sxtérmal clock inpul.
05C1 I | Analog Cscillator crystal input or extemal clock source input
CLEI | Amakog Extemal ciock source input. Always assccialed with pin
function OSC1. (Ses OSCUCLKO pin.)
QSCHCLKOMAS 10 Osacillater crystal or clock output
OsC2 o — Ciscliiator erystal sutpul Connects to cryatal of resanator in
Crystal Oscillater mode
CLEO ] — In select modes, O5C2 pin outputs CLKC which has 1/4 the
frequency of OSC1 and dendtas the InSiructon oy ce rate.
RAB Ko TIL General purpose IO pin
BORTA iz a bidirectional 110 pom
RADAMD 2
RA&D Vo TTL Diigital VO
AND | | Anglog | Analoginput 0.
RATANT 3
RAT Vo T Digital VO
AN | Anahog Anahog input 1.
RAZANINREFJC\REF 4
RAZ Vo TIL Digital 1O
ANZ | Analog Analog input 2.
VEEF= | Anakog AJD refarence voltage (low] inpul.
CVREF O | Analog Analog comparator referencs output.
RASANINREF+ 5
RAZ Vo TTL Digital VO
N3 I | Analog | Analoginput 3.
VAEF- I Analog AJD refarence voltage (high) inpul
RAGTOCKUICTQUTRCY L]
RA4 Vo 5T Digital V0.
ToCKI | 5T TimerD external clock Input.
Cl1ouT Q —_ Comparaior 1 ou !
T | Tl Exrcmal USE tranacciver RSV npulk
RAS/LMASES 7
H_WEIRFCZOLT
5 '} T Minical 10
Lk | Analog Lnaloginputd.
33 | s 2Fl alave zelel ineul.
4D | Aralog HighlLow-Viotale Detectirout.
Chour i —_ Comasrgtor I oulput.

MAG

Ses the DSCZCLEOIRAL pin.
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3.2.2 Input and Output Port Used

According from circuit project, the output PIC is LCD and solid state relay and
the PIC input is signal/data from op-amp LM358.Port A is set with input which port A is
special pin with ADC attachment and it desired to send logic signal digital to PIC. The
source of port A is come from op-amp which that device convert current to voltage and
from there, it directly give signal to PIC whether logic low(0) or logic
high(1).Meanwhile for port C, it set with output connected to LCD and solid state relay.
If fault occurred, PIC will send signal to operate the solid state relay which it will trigger
switch off and automatically disconnected the circuit. Then, at the same time PIC will
send output signal to LCD to display what happen to user. Pin 13 and pin 14 is built in to
directly connect with crystal oscillator 20 MHz. Beside that, pin 11 and 32 will
connected together as Vcc that act as supply to on the PIC. Lastly, pin 12 and 31 is

connected together to flow go directly to ground.

To Sensing Circuit SVde 5Vde
LCD
& / -y
rap —— 1 - swop i L ::?
RAT g =] RES 20K0 = :
InF 2a2 -—[]3 380 REA —_— 3 v (}[1
L~ ¥2-—qg 37 25 3RS
e B ] s [Rw
RAS Oe 350 ot R
RE0 gz #Hrno o 7 |po
el e—ega 2 Qg = 4
RE1 do 2 ped Voo 8 b1
R2._Hiw § @ sp—-= 9 |p2
%: 1 s 30:1-—.-:%; 10 |ps
- 2 o 2 — 11 (3
g - S S - pane {2
TE__0SC2 g 27— 13 s
20Mkz 59— 15 %5 RCT 12_Ioe
—mn =[] 18 55— RC6
B2 JHar H+ _.RCs 15 |+
o L |- 6 __Ji-
———g1o f-—RD3
ROt . g2 1h-—R02 TGPIN

Figure 3.5: Interfacing LCD and PIC18F4550
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3.2.3 Crystal Oscillator

A crystal oscillator is electronic circuit device that designed to generate electrical
signal with accurate frequency. It work using mechanical resonance of a vibrating crystal
of piezoelectric material to create an electrical signal. The using of precise frequency is
to keep track of time, to provide a stable clock signal for digital integrated circuit, and to
stabilize frequencies for radio transmitter and receivers. The most common type of
piezoelectric resonator used is the quartz crystal, so oscillator circuits designed around
them were called “crystal oscillators”. A crystal has a natural frequency of resonance.
Build in with quartz material, it can be shaped or cut to have a certain frequency. When a
crystal of quartz is properly cut and mounted, it can be made to distort in an electric field
by applying a voltage to an electrode near or on the crystal. This property is known as
piezoelectricity. When the field is removed, the quartz will generate an electric field as it
returns to its previous shape, and this can generate a voltage. The result is that a quartz
crystal behaves like a circuit composed of an inductor, capacitor and resistor, with a
precise resonant frequency. In this project, crystal oscillator 20 MHz is choosed to
interface with PIC. The 20MHZ or more below than that is suitable to generate the

precise frequency, so the PIC can operate better.

Quartz wafer
o
I
= = CHJ’
. XTAL Cs
R,
e}

Figure 3.6: Crystal Oscillator Basic Instruction


http://en.wikipedia.org/wiki/Quartz_crystal
http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Electrode
http://en.wikipedia.org/wiki/Piezoelectricity
http://en.wikipedia.org/wiki/Inductor
http://en.wikipedia.org/wiki/Capacitor
http://en.wikipedia.org/wiki/Resistor
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3.3  Software and Hardware Implementation

This section will discuss about software which has been implemented in this
project which are PicBasic Pro Compilers (MicroCode Studio) for programming
PIC18F4550, OrCAD Capture CIS for designing the circuit and PicBasic Pro Compilers
(Micro Code Studio) for the programming and also Cytron Programmer for writing the

programming language into the PICF4550.

3.3.1 Microcode Studio

Microsoft studio is software that has been used to convert source file to HEX file
code and act as assembler. To interface with PIC, all the source file must be converted to
HEX file because PIC just can read and understand the hex file only.

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, 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.


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
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::/ComWindow.htm
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a MicroCode Studio - PICBASIC PRO (Untitled.pbp)

|File Edit Wiew Project Help

02 H Lo L RLEE R
|5 an
) Indudes Fobobstatshobsbob st bbb sbobsh kb ob st ot sh b sb o s sb b obsbobsh kb ob s st b b ab o sk sb b b s stk sk ob st sh st b b s st sk bbb s otk ot
B[ Defines "F o Name ! UNTITLED.BAS #
[B] osc '+ Author  (select VIEW...EDITOR OFTIONS] *
|5) Constants '* Notice ¢ Copyright (c) 2008 [select VIEW...EDITOR OPTIONS] *
) Variables "t : 411 Rights Reserved *
) Alias and Modifiers '+ Date : BSEE/2008 *
) Svmbals "4 Version : 1.0 *
) Labels '+ Notes *
[#] loap " *

R L R R T T B B R L L L A4
DEFIHE osc 20

loop: HIGH PORTE.OD ,Turn ON LED
PAUSE 500 ,delay FOR .5 second
LOW FCRTE.D ,Turn off LED
PAUSE 500 ,Delay FOR .5 second
GOTO loop ;50 back TO loop AND hlink

LED forever

END

Figure 3.7: Basic program Written in Microcode Studio

3.3.2 CYTRON USB Programmer

In this project, UPOOA CYTRON USB programmer is used and it attached with
PIC programmer and winpic800.1t fully functions as burner device and both of software
and hardware act as medium to write the c- language in the PIC18F4550. CYTRON
USB programmer UPOOA provides an effective and low-cost solution in developing
wide range of Microchip PIC microcontroller. That device has not using external supply,

just directly connect to USB desktop PC or laptop and we can start write the program.

UPOOA CYTRON USB programmer is equipped with 40 pin universal ZIF
socket that provide a comfort and easy operation during plug in and plug out the chip.
Besides ZIF socket, header pin for ICSP (In-Circuit Serial Programming) also provided.
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This header pin can be used for in-circuit programming and to program the PIC with
different socket which is not supported by the ZIF-socket. That device is comes with
28/40 pin and 8/18 pin and it used depend on the number of IC pins. Other than that, that
device complete with LED that will showed the loading and ready signal. The ready
signal will ON when the USB programmer is plugged in onto the USB computer. Then,
during that data is burner to PIC, the loading lamp will ON and it will show how the

device work completely.

Features:

o Designed for Intel based PC, DO NOT support AMD based system.
« Fast, reliable and low-cost.

« Do not support Window Vista

e Require USB port only.

e Can be used in desktop PC and laptop.

e ZIF socket and ICSP header pin are prepared.

e The programmer can be used for Windows Me/NT/2000/XP.

e 12F, 16F and 18F PIC MCU are supported.

o USB cable, user manual and programming software are provided.

Package Including:

e UPOOA Programmer Unit
e« USB Cable
e User Manual and Programming software in CD Rom

« 6 months warranty against factory defect only



Figure 3.8: UPOOA CYTRON USB programmer
3.3.2.1 Plugging The Microcontroller
40-pin Microcontroller
e Plug in the microcontroller at the socket (indicated on the board) and push

forward the toggle switch as shown.

J. C JIr On. COm. my

o

sutd Oy Old

sulg 9
Jlg

[

27



28

28-pin Microcontroller
e Plug in the microcontroller at the upper portion of the socket (indicated on the

board) and push forward the toggle switch as shown.

Jtr on. com. my

(0] 4

WUWW. ¢ Jtron. com. my

sutd 04 J1d
Suld 82 Jid

ir
|

sutd 8)

| LLELEULRL LR

VR EERERTTaq

||}
|

o
—
O
-
o
=
-

0

suld 82 Jld

18-pin Microcontroller

e Plug in the microcontroller at the lower portion of the socket (indicated on the

board) and push backwards the toggle switch as shown.



WWUW. ¢ Yytr on. com. my

)

28,40 Pins

Lo;dlng I CSD =

S
2R
$ (

Ready 8,1 P1ns

8-pin Microcontroller
e Plug in the microcontroller at the center portion of the socket (indicated on the

board) and push backwards the toggle switch as shown.
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WWU. C Yytron. com. my

J1d

@
R,
3
wn

28,40 Pins

@

3.3.2.2 How to Program The PIC Microcontroller

1. Now WinPic800 is ready to program the PIC. This programmer is able to detect
the PIC. By clicking the icon shown, the programmer will detect the type of PIC

on the programmer.

= WinPicBOO - 3.55b

File Edit Dewvice Settings Language Help

= - = = W S W e [pn: F [ ~| | 1eFsz20 I~

o Deteck PIC | P
(@ Code Z3 pata & setring 25 R Bh
0:x0000: FFFF FFFF FFFF FFFF FEFFF FFFF FFEF FFFF - . ... .o ww ... ~

00008 : FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . . ¢ ¢ o oo oo aaaaa=a
O0Ox0010: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . ... 0o nsan=a
Ox0018: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . ... .00 ceaaa
O0xx0020: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . .. ..o eaeaaa
0xx0028: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . . .. 0o ooenaaan=a
O0x0030: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . . .. ¢ 0o aeana
DOx0038: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . .. .. .00 02:2
O0x0040: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFE . .. .. ......0002:.
00048 : FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . _ . _ ... ... ... ..
O0x0050: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . _ . . ... ... .....
Ox0058: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . .. .. ... 000002:2
MNxnnan: FRFFPFF O FFPFFPFFPF FFPRFFPFF FRFFPFF FFPFFPFF FFPFFPF FFPFFPFFP FFRFFFP 0 0 0 0 0 0 0 00 0 o o o o —

Har.= Cyteon TTPO0L - #0

2. To write Hex code to PIC we must first open the hex file. By clicking the icon shown,
a browse window will appear, open the hex file by clicking the file.
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File Edit Device Settings Language Help
e B % % S % | 7 % [pcrme]| ererze =]
. 2 a
I'_‘Egtlde __all Data -4 Setting ?i[: h ¢4

Ox0000: EF1A FODO FFFF FFFF D014 FFFF FFFF FFFF T ~
0x0008: FFFF FFFF FFFF FFFF CFD8 FO61 CFE8 FO60 ........... a... =
Ox0010: CFED F062 CD62 FFEO C060 FFES C061 FFDS8 ...h.b... _..a..
0x0018: 0010 0011 FFFF FFFF FFFF FFFF FFFF FFFF .......ciuoceauaa
Ox0020: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ... ... @i et e
0x0028: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF e e e s e e s e
0x0030: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF .. .. ..ot anna
Ox0038: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . .....¢cccc0asas2as
0x0040: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF .......c:iuocenuaua
O0x0048: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ... ... ... cc.ue...
0x0050: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ... ... cccaasnnns
Ox0058: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF RN =R=R=R=R-R=R=R=R=R=R-R=R=
NxnnanNn: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . . . i c i e o e e n Z
Har.>Cytron TPODA - #0

My Recent
Documents

3

Desktop

My Documents

58

by Computer

.

by Network File name: | PICE720
Places

Files of ype: |“_ hex

2. Program the file to PIC by clicking the icon shown.
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File Edit Device Settings Language Help

= v = ﬁ@ﬁi % % [rcr Qv | 18F8720 |~

[@ Code £ Data %ng 8 R 4
O0x0000: EFCSH5 FO2E 0012 FFFF EFB4 F02C 0012 FFFF ........... . »
0x0008: 0104 5118 0B60 42ES 42ES 42E8 42E8 42E8 ..Q.. B.B.B.B.B
0x0010: 0900 EOO1 DO5S5 5119 0407 E051 0AOB EO4F ..... Ug....Q0...0
Ox0018: 0AD7 E040 O0AO1 E02C OAOB EO028 0DAD2 ED26 . .3, - L
0x0020: 0AO03 E022 0AD8 E012 0401 EOOE OAOF E0ODA sl siasnnnns H,
0x0028: 0AO3 EOD1 DO3C 0100 OED1 6FEO 0100 OED4 ..... <. 1 J
0x0030: 6FE7 D036 D836 D034 D890 D032 0100 OEO1 o0..6.6.4 2
O0x0038: 6FEO0 0100 OEE9 6FE1 OEOO 6FE2 0100 93E8 o..... 0...0.....
0x0040: 0100 DEO1 6FEH D024 D8S8AS D022 D8F4 D020 . - T
0x0048: 0100 OED1 &6FED 0104 511C 0100 6FE1 6BE2 . PR | I I 4
O0x0050: OEEA 27E1 OEO00 23E2 0100 93ES8 0100 ODOEO1 aS G 00 joooo0anan
O0x0058: 6FE5 DOOE 0100 OEO1 6FEO 0104 511C G6AEA o0....... 0...0.3
NxNNAN: NFFA AFF9 NFENN 22FA C41A FFEF DONT DONN =.n. R b
Har = Cyteon TTPO0A - #0 DAPICET20HEX

4. A confirmation window will appear, click Yes to proceed programming PIC.
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= WinPicB0O0O - 3.55b

File Edt Device Settings Language Help

-2 | =]

km Cons i Program - 18F8720 vdd @ A:B “ M
Open

0x0000: EFC5 Confirm Bl .. m——
0x0008: 0104 o E
0x0010: 0900
0x0018: 0A07 | |
0x0020: 0A03 | [
0x0028: 0A03
0x0030: 6FE7

0x0038: 6FED Full-speed USB CPU-TOMNe [
0x0040: 0100 | | Close this window when finished LI ) SR
0x0048: 0100 HOROL T A, O L%
0x0050: OEEA 27E1 OEO0 23E2 0100 93E8 0100 OEO1 ..'...H#.........
0x0058: 6FE5 DOOE 0100 OEO1 6FEO 0104 511C 6AEA o0....... 0...0.3.
NxNNAN: NFFA AFF9 NENN 292FA C41A FFEF DANT DAAN X n. .. " ... ... ... M|

Har.> Cyteon TPODA - #0 DAPIC8720 HEX

= WinPicBOO - 3.55b

File Edit Dewvice Settings Language Help
D o | ; ' = : : -
= H WinPic800 |j
(@ Code % Program - 18F8720 vad @ T "
0%0000: EFC5 PIC detected -> 18F3720 ”~
SRR = PIG is Erased <20k = E Wy """ S if_
0Ox0008: 0104 [ Verlleng durlng progrming ] B B-B .B.B.B. _5
0x0010: 0900 Programming Code ...: 65536 word = D....0...0
0x0018: DAO07 , || R -

0x0020: 0403 16%

0x0028: 0AO3 —

b . Cancel Progress
0x0030: 6FE? ————’

0x0038: 6FEQ Full-speed USB Pgm - 1ms CPU - 1700 Mhz

BoeiOevein
o0x0040: 0100 | | Close this window when finished - SN 0
0x0048: 0100 ..0...0.K
Ox0050: OEEA 27E1 OEOO 23E2 0100 93ES8 0100 OEO0O1 ..'...H.........
0x0058: 6FE5 DOOE 0100 OEO1 6FEO 0104 511C 6REA o0.......0...0.73.
nxnNnAN: NFEA AFF9 NENAN 22FA C41A FFEF DANT DANN X . n. . ." ... ...... .v.

Har.>Cyteon TTPO0L - #0 DAPICE720HEX
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5. When it is completed, the window will show the status. Click Accept and the PIC is
ready to be plug out.

= WinPicBOO - 3.55b

~u - | = -

= - 5 o gt iit— 0
(@ coa= 4 Program - 18F8720 vas @ oz b g4
O0x0000: EFCH koe o :| ..... ~

ID  wiaasan 0K Y —

0x0008: 0104 Config. : Ok B.B.B.B.B.
0x0010: 0900 Data ...: Ok = D....0...0
0x0018: OAOD7 L o 2 i[ R, Py £
0x0020: 0A03 | e ) - - - - - - .
0x0028: 0AO03 REncel l Progress e e Dsooaoe
O0x0030: 6FE? .4...2
0x0038: 6FEO Full-speed USB Pgm- 1ms CPU - 1700 Mhz T S
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6. To disconnect UPOOA, simply plug the USB out. No extra configuration or setting
needed. Same applied when plug-in for the 2nd time, installation of driver is not

required.

3.33 PIC Driver Circuit Hardware

At this part, it more focused on control element. The main component that
control our system is PIC microcontroller. In this circuit there are consisted of oscillator
20MHz, Capacitor to reduced ripple for ADC, Connector to LCD and also output relay
and also input ADC. This driver circuit has fewer components than the actual PIC driver
circuit. It has been test that by reducing the capacitor in the circuit, there is not much
changing in the operation of the circuit. Because the 5Volt input voltage that have been
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supply to the driver circuit is already stable, and there is no reverse current from the
Solid State Relay. So by using this driver circuit, the space and troubleshooting is easier

to be done.

3.4  Programming Flowchart

@

Current sensor detect
Current and compare

Different

il

CS send tripping

signal to PIC
* Counter = 3
FIC cou.nt 10s Perma.nent Fault
Send signal to
ELCB tﬁp back PIC to reclose
1;9 ON ELCB
Tempora.ﬁ. Fault | | Indicator light ON

| IFmish

Figure 3.9: Flow of Programming Software

From the figure, when a fault occur current sensor will sense the imbalance
current and then it will induced a signal current. This signal then is send to PIC
microcontroller via sensing circuit.PIC controller will calculate the differential value of
current between two of current sensor and if differential exist, it show fault exist and
assigned.PIC will send signal to trip ELCB. At this moment the counter in the PIC will
start count as 1. After 10 second, the ELCB will automatically switch back to normal
condition. If there is no fault detect after the ELCB is turn on the LCD will display
temporary fault and the ELCB will stay connected until next fault occurred and the
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counter will be reset. Meanwhile if there is fault occurred instantly after the ELCB is
turning back to on, the current sensor will detect the imbalance current and then will
send back the signal to PIC. The ELCB then will turn on back after being trip. At this
time PIC counter will count as 2, this process will be cycle until the counter reach 3.
After PIC counter reach 3, PIC microcontroller will identify the fault as permanent fault
such like short circuit and over-current. At the end, ELCB is permanently tripped and to

turn on back the circuit, someone should manually turn on itself.

3.5  Summary

From this chapter, we are able to understand more about PIC basic configuration
and their development. The advantage using PIC are the capability to interface directly
with other device such as LCD, solid state relay are more reliable. Beside of that, PIC
programming is much more simpler compared to other microcontroller. Based on pin
configuration, there are four port in PIC that freely to used either input or output. Then
from this chapter, we can learn much more about microcode studio that has been used to
write programming in HEX file. Then for the next step, we can learn the using of
CYTRON USB programmer as a device to transfer HEX file programming to
PIC18F4550.From our observation, PIC can make system more reliable, faster and

easier to handle.



37

CHAPTER 4

DEVELOPMENT OF AUTO-RECLOSER EARTH LEAKAGE CIRCUIT
BREAKER

4.1 Introduction

This chapter explains our process to develop auto re-closer earth leakage circuit
breaker include project flow, circuit design, hardware operation process and software
implementation. This chapter also explains about designing the basic PIC circuit, LCD,
current sensor circuit, interfacing PIC to circuit breaker, PIC programming.

This chapter will explain detail early process to design new auto re-closer earth
leakage circuit breaker until last stage that connected our device and PIC. Beside that,
this chapter also explains our component that has been used in this project and their
advantage. Thus, to design effective ELCB, several changed has been made so that the

size and the cost are acceptable for commercial purpose.

4.2  Project Flow

This project starts with study the basic design of an ELCB. This is done by
explore and open a unit of ELCB rating 40A with sensitivity 100mA.From there, it
showed our component that involve to build ELCB and how their function. The next

stage is to think how to renovate in order to change from mechanical switching to
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electrical switching. Next is to identify where the suitable component to connect with
PIC microcontroller. After that process, new circuit of new auto re-close ELCB are
designed. For early stage, the first thing to do are designing the basic of power circuit
that include voltage regulator, bridge rectifier, transformer to produce 5Vdc that will be
used to supply PIC, current sensor and LCD. Then follow by designing the controller
circuit involve the application of PIC microcontroller. The next stage is designing the
electronic switching circuit which needs to be used instead of original mechanical
switch. The last stage of circuit is to design sensing circuit using current sensor that will
sense to any fault occurred. Then finally stage, all the circuit is combined together and
then trouble shooting is done to check our circuit connection. After hardware is finished,
programming can be made to make the flow of process following the in flow chart. By
using different method to different any fault, new auto re-closer is tested according each
fault and when there were problem occur, the hardware is troubleshoot and the problem
is correct. The process was done when the new auto re-closer ELCB running following

the objective requirement.

4.3  proposed design

Based from proposed design in figure 3.1 below, transformer 240/15Vac step
down is used to converting 240Vac from power line to 5Vdc by using full wave rectifier
circuit. The 5Vdc will used to energize the LCD, PIC and current sensor. An protection
at power line, metal oxide varistor 275V (MQOV) is used to protect component in power

circuit if fault like over current happen.

From that figure, the application of solid state relay is used as switch to replaced
mechanical switch in old ELCB. SSR is selected as switching is because the reliability of
the SSR itself as Electronic switch that can be operated at high voltage and current. LM
7805 voltage regulator will be used to step down the voltage from 15Vdc to 5Vdc to

ensure it suitable to supply to PIC, LCD and current sensor.
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For sensing circuit, half effect current sensor with rating 5A is used to detect the
any leakage current between neutral and phase then send tripping signal to PIC which
assigned the fault are occurred. The output of current sensor is fixed 5V and it will easier

PIC to understand the information received.

For the control element, PIC 18F4550 is choosed to control our system. That PIC
will receive the data information from current sensor and decide to connect or
disconnected circuit. It can be done by connect PIC with solid state relay which PIC will

control switching of SSR.

neutral

live

Figure 4.1: Basic Operation of Auto Re-closer ELCB

4.4  Stage 1 circuit

Refer from figure 4.2, this power circuit is the combination between transformer
240Vac/12Vac, Dbridge rectifier, LM7805, capacitor 470uF and capacitor
10uF.Transformer will step down the 240Vac to 15Vac then bridge will change from ac

source current to dc source. After that, LM7805 will used to regulate voltage from
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15Vdc to 5Vdc supply. Lastly, LED will connected at the end of 5V terminal to show
that 5V is already give supply to LCD, PIC, and current sensor.

o

S0V 1 AMP BRIDGE | |
N GHD OUT

T805

>—|—1mc

2savaC § g
.

240VAC TO12VAC POWER ADAPTER

HIN auT +3V
GND . .
100mA MAX
WITHOUT HEAT SINK

470uF 10uF
l 25V l 16V

Figure 4.2: 5Vdc Power Supply Circuit

45  Stage 2 circuit

Based from that figure, it showed the interfacing between PIC and JHD162A
LCD display. The LCD is used as output and PIC will assign connection of LCD pin
with 0.If PIC receive tripping signal following fault occurred, PIC will send data to LCD
to display either temporary fault or permanent fault was detected. To make system more
simple and tidy, ribbon cable is used as connector between LCD and PIC. Both of PIC
and LCD need 5V that come from power circuit to execute their operation. For PIC
driver, 20Mhz crystal oscillator is used to control the clock cycle of the system. variable

resistor 20K is used to control the LCD screen .
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Figure 4.3: PIC Microcontroller and LCD circuit

According from the table 4.4, it show the total connection pin used for
PIC18F4550.PIC18F4550 is connected with LCD, solid state relay and current sensor
and total pin used is 16 pin. Pin 11 and 13 assigned as VDD pin, it connected together to
receiving 5V supply. Beside that, pin 12 and 31 is assigned as Vss pin which it
connected together directly go to ground.Meabwhile,0SC1 and OSC2 is connected to
20Mhz oscillator which act as clock for PIC 18F4550.Next,RA1 and RA2 is the pin
from port A which it especially for analog input, which that port will understand any
information in analog signal form from sensing circuit. Then, port B is placed by LCD

and solid state relay and both of them is used as output.

Table 4.4: PIC18F4550 pin used detail

Pin Name Pin No. Description Application
VDD 11, 32 Positive supply (+5V) | Power supply to PIC
VSS 12,31 Ground references Ground references
MCLR 1 Input For reset button
0OSC1,0SC2 13, 14 For oscillator Connected to 20MHz




42

crystal
RAland RA2 |34 Analog input Analog input from
Sensing Circuit LM358
RBO, RB3-RB7 | 33, 36, 37, 38, 39, | Output Connected to LCD data
40 (DB0-DB7)
RB2 35 Output to 5V relay To trip circuit breaker

4.6  Stage 3 Circuit

Figure is showed the sensing circuit that has been used in that project. The pair of

half effect current sensor 5A is connected through life and neutral supply. The both of

them will determine the current flow and send the value of current detected onto PIC. If

PIC can differentiate value of current from both of current sensor, PIC will automatically

understand and directly open the contact of switch from SSR. Thus, circuit will

disconnected supply and break the power line.

LIFE

CURREN

[
=
&
]
0
&)
<

NEUTRAL

FNTRYNPE |

o~

TO LOAD

CURRENT SENSOR

! 1 8

TO LOAD

E-N AN N
o~

k-

o

.|‘ =
=

Figure 4.5: Sensing Circuit
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4.6.1 Voltage Regulator

Figure 3.10 shows the model of UTC LM 7805. The UTC LM78XX family is
monolithic fixed voltage regulator integrated circuit. They are suitable for applications

that required supply current up to 1 A.

Figure 4.6: LM7805 Voltage Regulator

The UTC LM79XX series of three-terminal negative regulators are available in
TO-220 package and with several fixed output voltage, making them useful in a wide
range of application. Each type employs internal current limiting, thermal shut-down and

safe area protection, making it essentially indestructible.

4.6.2 Centre Tap Transformer 240/12Vac

Figure 3.9 shows the centre tap Transformer, it is one type of transformer that
used to reduce the voltage from 230Vac to 12Vac and supply the voltage to the power
supply circuit. It is the most comprehensive choice of secondary voltages. It also is
flame retardant bobbins and shrouds. Besides, fully shrouded construction
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Figure 4.7: Centre Tap Transformer

4.6.3 Solid state relay

Refer to the Figure 3.7 the Solid State Relays (SSR) which is an electronic
switch, which, unlike an electromechanical relay, contains no moving parts. A SSR is a
semiconductor device that can be used in place of a mechanical relay to switch
electricity to a load in many applications. SSRR are purely electronic, normally
composed of a low current “control” side (equivalent to the coil on an electromechanical
relay) and a high-current load side (equivalent to the contact on a conventional relay).
SSR typically also feature electrical isolation to several thousand volts between the
control and load sides. Because of this isolation, the load side of the relay is actually
powered by the switched line, both line voltage and a load must be present for the relay

to operate.
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Figure 4.8: Solid State Relay (SSR)

SSR are faster than electromechanical relays; their switching time is dependent
on the time needed to power the LED on and off, on the order of microseconds to
milliseconds. SSR increased lifetime due to the fact that there are no moving parts, and
thus no wear. SSR also decreased electrical noise when switching with totally silent

operation.

There are many applications that require a moderate amount of power (W to kW)
to be switched on and off fairly rapidly. A good example would be the operation of a
heater element in a controlled-temperature system. Typically, the amount of heat put into
the system is regulated using pulse-width modulation turning a fixed-power heating
element on and off for time periods ranging from seconds to minutes. Mechanical relays
have a finite cycle life, as their components tend to wear out over thousands to millions
of cycles. SSR do not have this problem; in the proper application, they could be
operated almost infinitely.

This project the use the SSR with specification:
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Description

. Solid-State Panel Mount Relay

. Series:G3NA

. Control Voltage Type: DC

. Load Current RMS Max:40A

. Load Voltage RMS Max:240VAC
. Load Voltage RMS Min:24VAC
. Contacts: SPST-NO

. Control Voltage Max:24V

. Control Voltage Min:5V

4.6.4 Bridge Rectifier

Refer to the Figure 3.11 it is the BR1036432 Bridge model, it is used to rectify
the voltage from AC supply to DC power supply for IC voltage regulator device.

P p
(G

\

Figure 4.9: Bridge Rectifier
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4.6.5 One way Switch

Figure 3.12 shows the one way Switch, it is the main switch for the whole circuit.
The function of this Main switch is to open and closed the whole system. This switch
functions manually. In this project, switch is used to open and close 5V supply to

LCD,PIC an current sensor.

.

Figure 4.10: One Way Switch

4.6.6 Light Emitting Diode

Figure 3.14 shows green and red light-emitting-diode (LED), LED is based on
the semiconductor diode. When the diode is forward biased (switched on), electrons are
able to recombine with holes and energy is released in the form of light. This effect is
called electroluminescence and the color of the light is determined by the energy gap of

the semiconductor.

Figure 4.11: Light Emitting Diode (LED)
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In this project, the red LED was used to show that there are supply voltage
entering the whole circuit. Meanwhile yellow LED used to indicate when the solid state

relay is operated.

4.6.7 Liquid Crystal Display

A liquid crystal display (LCD) is an electronically-modulated optical device
shaped into a thin, flat panel made up of any number of color or monochrome pixels
filled with liquid crystals and arrayed in front of a light source (backlight) or reflector. It
is often utilized in battery-powered electronic devices because it uses very small
amounts of electric power. Figure 3.15 show the LCD model JHD162A SERIES that is
used for this project.

Figure 4.12: Liquid Crystal Display

Each pixel of an LCD typically consists of a layer of molecules aligned between
two transparent electrodes, and two polarizing filters, the axes of transmission of which
are (in most of the cases) perpendicular to each other. With no actual liquid crystal
between the polarizing filters, light passing through the first filter would be blocked by

the second (crossed) polarizer.
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LCD with a small number of segments, such as those used in digital watches and
pocket calculators, has individual electrical contacts for each segment. An external
dedicated circuit supplies an electric charge to control each segment. This display

structure is unwieldy for more than a few display elements.

4.6.8 Half effect current sensor

A current sensor is a device that detects electrical current (AC or DC) in a wire, and
generates a signal proportional to it.

The sensed current and the output signal can be:

= AC current input,
analog output, which duplicates the wave shape of the sensed current
unipolar output, which is proportional to the average or RMS value of the sensed
current

= DC current input,
unipolar, with a unipolar output, which duplicates the wave shape of the sensed
current

bipolar output, which duplicates the wave shape of the sensed current

digital output, which switches when the sensed current exceeds a certain
threshold

Typical applications include motor control, load detection and management,
switch mode power supplies, and over current fault protection. The device is not
intended for automotive applications. The device consists of a precise, low-offset, linear

Hall circuit with a copper conduction path located near the surface of the die. Applied
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current flowing through this copper conduction path generates a magnetic field which
the Hall IC converts into a proportional voltage. Device accuracy is optimized through

the close proximity of the magnetic signal to the Hall transducer.

Figure 4.13: Half effect Current Sensor
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Figure 4.14: Current Sensor Pin Configuration

Table 4.15: Current Sensor Pin Description

Number Name Description
1and2 IP+ Terminals for current being sampled; fused internally
Jand 4 |P— Terminals for current being sampled; fused internally
h GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT Analog output signal
] VCC Device power supply terminal




51

4.6.9 Adaptor SMD Current sensor

This adaptor is design especially as based to half effect current sensor. Type of
pin half effect current sensor is SMD pin, so that base device will connected the small

pin configuration of current sensor.

Figure 4.16: Adaptor SMD

4.6.10 Metal Oxide Varistor (MOV)

The most common type of varistor is the Metal Oxide Varistor (MOV). The
boundary between each grain and its neighbour forms a diode junction, which allows
current to flow in only one direction. When a small or moderate voltage is applied across
the electrodes, only a tiny current flows, caused by reverse leakage through the diode
junctions. When a large voltage is applied, the diode junction breaks down due to a
combination of thermionic emission and electron tunneling, and a large current flows.
The result of this behavior is a highly nonlinear current-voltage characteristic, in which
the MOV has a high resistance at low voltages and a low resistance at high voltages. In
this project, MOV is used to prevent line in power circuit from damage if fault like over

current is detected.

Figure 4.17: Metal Oxide Varistor


http://en.wikipedia.org/wiki/Diode
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4.6.11 Fuse 0.1A

Fuse used in electrical systems to protect against excessive current. In this

project, fuse is used for protection purpose same like MOV function.

———

——

Figure 4.18: Fuse

4.7 Final Stage Circuit
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Figure 4.19: Final Stage Circuit
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Figure show the final circuit for that project. By combining three stages of
circuit, we can get the final hardware design for new auto re-closer ELCB. With
arrangement for every stage, hardware is test and being troubleshoot. The main purpose
make step by step stage is to avoid error in connection occurred and that device can
integrated together. After design that hardware, it goes to next phase to designed

software implementation.

4.8 Flow Chart
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Figure 4.20: Flow chart of the system
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Refer from figure when a fault occurred between line neutral and life, both of
current sensor will sense the imbalance current and send the induced current at PIC.PIC
will compaired the value of current between both of current sensor then if any
differential current exist, PIC will send signal to trip ELCB. At this moment PIC will
start to count as 1.After 10 second PIC will send signal to switch contact automatically
to switch back to normal condition. If there is no fault detect after the ELCB is turn on
the LCD will display temporary fault and the ELCB will stay connected until next fault
occurred and the counter will be reset. Meanwhile if there any fault continuously
occurred after the ELCB turning back ON, the current sensor will detect the imbalance
current and then will send the signal to PIC and PIC will disconnected circuit and in 10
second, ELCB is turn back ON. At this time PIC counter will count as 2 and if fault
continuosly detected, the process will be cycle until counter reach 3 count .After PIC
counter reach 3 count, PIC will identify the fault as permanent fault such like short
circuit or over current and LCD will display that type of fault. At the time, circuit is
disconnected and tripped permanently. If any fault is cleared, user should turn ON
manually the ELCB

4.9 Hardware Operation Process

From the flow on the figure, it early start with supply voltage 240Vac single
phase from TNB and it directly connected to current sensor device and power circuit. At
power circuit, transformer 240/15Vac will step down the supply from TNB and it
rectified to DC source using bridge rectifier. Then regulator LM7805 will regulate that
voltage to 5Vdc to energize PIC, current sensor and LCD. At the line of current sensor,
if unbalanced current between life and neutral is detected, current sensor will send the
signal to PIC.PIC will compare the differential value of current between both of them
and if differential value current is exist, it show the value of current exceed 10mA.The

output voltage from current sensor is fixed with 5V, thus it will easier PIC to receive the
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information. The output voltage from current sensor is send to PIC through ADC
(analog digital port).As the ELCB main switching, solid state relay is connected through
port B. When fault occurred, PIC will detect the range of resolution that suitable for the
condition of ELCB to trip when the imbalance current exceed A100mA, which is the
minimum current value for the ELCB to trip. SSR then will be de-energized by the PIC

and thus the ELCB is disconnected from the power line.

neutral

Figure 4.21 : Hardware operation process of Auto Re-Closer ELCB

410 Summary

This chapter explain detail about the concept and development new auto re-closer
ELCB. Based from flow chart and final hardware design, it show how the device operate
and execute their function. with combination hardware and software design, that device
will be able to detect the type of fault. At this project, PIC microcontroller is the main
brain to control the task and operate depend on the current that being sensed.

Meanwhile, solid state relay will be the main output to connected or disconnected circuit



and LCD will monitor the display the fault condition. Beside that, installation stage by
stage hardware is important to ensure all device operate their function. It will easier to

trouble shoot if there problem exist.

56
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CHAPTER 5

RESULT AND DISCUSSION

51 Introduction

This chapter shows the detail about the result and discussion for whole
development of auto re-closer earth leakage circuit breaker. The result that will be
discussed in this chapter is for data measurement of current sensor | in and | out. The
induced of current depend on the load connected. From the data measurement, induced
current that exceed 100mA sensitivity will cause tripping to ELCB. The sensing element
IS very important to ensure that device accurate in determine 100mA sensitivity. Because
this project is based on protection system it is important to count every aspect of
measurement in order to not mess with the original ELCB. Every discussion stated in
this chapter also for the whole system problems, the better solution need to come-up in
order to overcome every flaw and problems of this ELCB system.

5.2 Measurement of ZCT

In early planning, the application of ZCT and op-amp amplifier is used as
sensing circuit. The objectives of measurement ZCT is to get the output value of induced
current from the coil of the ZCT. Because there is magnetic material build in ZCT

whenever there is unbalance current flow through the ZCT, the coil that winding around
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the ZCT will induced current that is depend on the strength of the imbalance current.
The induced current then will flow through the coil then it will flow to the sensing
circuit. Because the induced current is Ac (Alternative current), the polarity of the
current must be consider in order to avoid the effect of reverse current. This is very
important in order to get a take measurement value while designing the current to
voltage converter. Figure 5.1 show the operation of ZCT. But from the experiment
before, it difficult to determine 100mA sensitivity and the current induced has not
accurate to reach 100mA sensitivity. Thus, current sensor is replaced to improve the

weakness of device before.

Casel

lin= 13A

Life

Neutral
lout= 13A
-Because lin=Iout, thete is no induced curtent produced by the ZCT
Case 2
lin=13.1A
Life

Neutral

lout= 13A

-Because lin#Iout, thus there is induced current produced by the ZCT
-The higher diference in input and output current, result in more induced current produced.

Figure 5.1: Operation of ZCT

53 Measurement of Current Sensor

The main objective of measurement current sensor is to get the output value
induced current from the comparison between two of current sensor. If some load like

motor and bulb lamp is connected to current sensor, it will produced induced current.
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Actually for the current sensor, it already give output in voltage form, so it will easier to
PIC for receive the signal information. The current sensor will fixed output voltage 5V
and has rating current about 5A, but it can covered the load rating exceed 5A.in this
experiment, two of current sensor is connected series. Current sensors need the 5V
supply to operate and it directly connected to the motor. The figures 5.2 show the circuit

connection to get the data measurement from current sensor.

NEUTRAL
CURRENT _SENSCR oy CURRENT SENSOR oy
LIFE 1 1 8 1 8 )
A out out
240Vac U . ol L cave . & L cav
AMMETER 45 J; 0.1uF 45 lr 0.1uF
i cr 0 T cr O
p— 1" — 1”
-0 -0

m ( MOTOR

AMMETER

Figure 5.2: Connection for Current Sensor Measurement

That experiment is done by using pressure motor with rating 6A.The current
sensor is directly connected to the load motor. The motor can control current to load by
varied the pressure step by step. The advantage of using the motor is because motor
drew high current during startup. This situation theoretically produced the surge current
at the initially but soon after the current will be balance for the load. We can assume this
condition of surge current from startup motor is approaching the condition of lightning.
Even though the value of surge current of the lightning is too large and is over 100A, but
the similarity can be consider since the sensitivity of the ZCT is 100mA. It has been
proved that the induced current from current sensor by using this method is over 100mA
which are the same of lightning that >100mA. The objective of this experiment is to find
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the average value of induced current that is produced by ZCT in 10 measurements so
that it can be taken as reference value for the input signal PIC. Figure 5.3 show the
motor that is used for the experiment.

Figure 5.3: Pressure DC Motor 6A

To measure induced current from current sensor, life and current cable is
directly connected to current sensor then it throw out connected to load motor.
The motor is available with varied output which it can controlled by adjust the
pressure of motor. If pressure is increase, induced current is more and otherwise.
The experiment is done to show the relationship between supplies current and
induce current and voltage produced from current sensor. Table below is show

the data measurement from that experiment.

Table 5.4: Current Sensor Induced Current

Pressure lin I out Voutl Vout2
0 1.62 1.50 0.19 0.20
10 1.98 1.84 0.22 0.24
20 2.30 2.16 0.24 0.26
30 2.62 2.48 0.26 0.28
40 2.96 2.83 0.26 0.29
50 3.30 3.16 0.29 0.31
60 3.65 351 0.30 0.33
70 4.01 3.86 0.31 0.34
80 4.31 4.17 0.31 0.34
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54  Arrangement of Fault Model

The main objective of arrangement fault model is to demonstrate how that device
operation in assigned that kind of fault. It important to ensure circuit is functioning
following the flow instruction. For this experiment, the model is design by using a 6A
motor and 1A bulb. Both is used but with different function. Bulb is used as an indicator
to see whether the ELCB is tripped or not. Meanwhile the motor used to produce the
induced current sufficient to trip the ELCB.

For the simulation of temporary fault, the load line will on all the time to on the
circuit system while the motor power supply will be turned on and turned off in that
instant. It acts like the lightning which comes in only a few second or less than one
second. So, the lamp will off when the motor on and then will be on back after the motor

stop.

For the permanent fault model, the arrangement stills same but has a little
different at time period of motor turned on. Motor will always switch on then the lamp
will turn off along with the motor switch on. The PIC receives the voltage signal from
sensing circuit and then it will on back the load (Bulb). Then the bulb will on back for a
moment before it will turn of back because there is still signal voltage came from
sensing circuit. This cycle will be continue for three cycle before PIC send signal to
permanently switch off the bulb and the PIC will identify the fault is permanents fault.
This is because permanent fault occur continuously unlike the temporary fault which is

in only a moment. Figure 5.6 show the fault model arrangement circuit.
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Figure 5.4: Fault Model Arrangement Circuit

Project Results

Based from testing and measurement, the result of this project are show as
below:

PIC microcontroller technology able to replace human to switch on or off the
ELCB. From this project, PIC fully used to control the switch contact to cut-off
the power line.

The new auto re-closer ELCB are available to differentiate between permanent
and temporary fault

PIC application can be used for multi-purpose task depend on the programming
ELCB tripped the circuit for 5 second and count 1 to assigned temporary fault
The ELCB permanently disconnected the circuit if the circuit detects the leakage
continuously. The ELCB will re-close for the cycle of 3 times before it will

notify that the fault is permanent fault via the display of LCD.
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Discussions

From this project, what we can discuss is:

5.7

The development of auto re-closer is still new and there is no ELCB with auto re-
closer available in the market. The process to make efficient ELCB should have
the guideline from other resource as manufacturer itself.

Beside the sensitivity of 100mAsensitivity for domestic and 300mA sensitivity
for factory following standard IEEE thus we need to use the current setting so
that there is no fatal error or hazard occurs.

The lack of knowledge and references during make this project should be
considered. It fully depend on creativity and experience from engineering lab
subject before. Beside that, to measure the ability and connection of device, it

fully depend on data sheet.

Summary

Based from the result and discussion, there are some important think to make our

project be successful. The most important think is in order to get sensitivity 100mA

which the application of current sensor is fully need to give data information to PIC. the

function of current sensor is the main key to make PIC execute their instruction

following the programming chart. There are currently 0.1A, 0.3A, 0.6A and also 1A

sensitivity for nowadays ELCB but since most the resident application standard is 0.1A

so the range sensitivity of 0.1A is picking so that any small change in unbalance current

will result in tripping of the ELCB.
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CHAPTER 6

CONCLUSIONS & SUGGESTIONS

6.1 Conclusions

Finally, the main to design and produced new ELCB with auto re-closer is
fulfilled. ELCB is used in domestic as protection device. From new auto re-closer
ELCB, it still has function same with old ELCB but our system is more intelligent.
Aspect protection new auto re-closer ELCB more efficient if compared to old ELCB.
Consumer will be alert if any fault occur and can avoid any bad situation, thus it makes
human life easier that way.LCD will display that kind of fault and it will alert the
consumer and avoid them from electric shock. This project are combined with PIC
microcontroller, electronic switch, driver circuit and sensing circuit and all of them is

integrated together to build the new auto re-closer ELCB.

The use of solid state relay compared heavy power relay have increase the
reliability and effectiveness, even though the cost of solid state relay is higher than the
cost of heavy power relay. Other reason, solid state has faster switching operation and it
suitable to react immediately to avoid the equipment in circuit damage. The using of
PIC18F4550 as control element made the system more reliable for modern technology.
Every port in PIC microcontroller can be varied to be output or input and it fully depend
on the programmer to set it. At the same time, it will improve the weak of old ELCB
beside to replaced human action in order to control the ELCB.
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The successful of this auto re-closer ELCB system has made the circuit can
differentiate between permanent and temporary fault and acting differently between each
type of fault. To make this project, knowledge from engineering lab, microprocessor,
autotronic, power electronic and other skill is most important in order to make this

project success

6.2  Suggestions

There are several suggestions after the process for improvement AR-ELCB in the
future:

I. Before start designing the hardware, choosing the component with suitable
rating, device specification, device endurance. Refer and study all the formation

source from the data sheet and internet before choosing that kind of component.

ii.  Replaced the application of bridge rectifier with diode. Use 4 pieces of diode and
arrange it in full wave rectifier connection. Thus it can reduce the cost and make

circuit design more economic

iii. In this project current sensor is used as sensing circuit. So for the next
improvement , replaced it with the current transducer or current transformer.
Compare which device has better sensitivity at the last. With the use of current
transducer or current transformer, user might be able to improve the reliability of
the ELCB.

iv. Replace the 40 PIC18F4550 microcontrollers with 28 pin PIC18F2550
microcontroller. It is due to the PIC18F2550 have less port compare to
PIC18F4550 which are 40-pin over 28-pin. Other than that the function of PIC
18F2550 is similar to PIC18F4550. Even though PIC 18F2550 have less port
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compare to PIC18F4550, but the port is sufficient to use in this project because
for this project by using PIC18F4550 only 10 port for input and output signal. It
is important to consider PIC18F4550 because we can save the cost along with the

size.

The using of solid state relay in this project is to replaced the function of
mechanical switch from old ELCB. Currently for this project, SSR rating 20A
with 5~24Vdc has been used. So in the future recommended using SSR with
differential rating. Try to choose low rating current such as 10A and 5 A with
5~24Vdc rating because the current used actually does not consumed higher than
10A.Beside that, it might be reduced the cost because the price of SSR is depend

on the current rating

In future improvement, | would suggest to used charger to replaced the using of
transformer and voltage regulator. Output voltage for charger is fixed with 5V
and it sufficient to supply to LCD,SSR and PIC microcontroller. Beside that,

circuit seen more simpler and reduce the using spacing.

Lastly for future recommendation, design that circuit in printed circuit board. By
using software orcad or DXP protell, The actual size of Vera board can be
reduced to 1:10 from the original size of the PCB prototype.

Costing And Commercialization

This part will describe overall cost to design one unit of auto re-closer ELCB.

This part also will explain the commercialization of project.
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6.3.1 Costing

Tables 6.1 show the cost of the component and the total cost. The total cost of the
development of Earth Leakage Circuit Breaker with an auto re-closer unit is RM
358.67.1t just involve the hardware implementation include electrical and electronic
component. Due to changing of component in the development process, some
component not fully function and need to be replaced during the hardware circuit
designing. The total price in the table is just estimate cost which not involve to any
problem component. The cost actually can be reduced, it can be done by using

component with suitable rating and also by buying the component in mass quantity.

Table 6.1: The cost of components

Device Qt | Model Unit Manufacture | Unit Extended
y cost(RM) | cost (RM)

Transformer |1 | T1201 -230V,50Hz | TELETRON | 13.00 13.00

-Vo

112 -0-12.

Output

-Power

16 VA
Bridge 1 | KBPC6 |-Vrrm:50V | INTERNATI | 3.00 3.00
Rectifier 005PBF ONAL

-Current RECTIFIER

Rating: 6A
Capacitor 1 -470uF 0.15 0.15
Capacitor 1 -10uF 0.15 0.15
Capacitor 1 -1nF 0.15 0.15
Voltage 1 | LM7805 | -+5V dc 1.00 1.00
Regulator
LED 2 0.10 0.20
Resistor 1 1kQ 0.10 0.10
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Resistor 150Q 0.10 0.10
Variable 20kQ 2.50 2.50
Resistor
Zener Diode 5.1V 0.50 0.50
PCB Header 1.00 6.00
LCD 2X16 15.00 15.00

JHD16A
PIC 18F4550 Microchip 30.00 30.00
Connector 2.20 4.40
Solid State G3NA- | -Vo: Omron 153.92 153.92
Relay 220B 240Vac

-Vin:
5-24Vdc

MOV BJ2205 | 275Vac 3.28 3.28

S271K1

01
Fuse -0.3A 0.20 0.20
Switch 1.00 1.00
ZIF Socket 15.00 15.00
Current 20.36 40.72
Sensor
Wrapping 15.00 15.00
Wire
Adaptor 260.15 26.65 53.30
SMD

TOTAL 358.67
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6.3.2 Commercialization

For commercialization purpose, next auto re-closer is more cheaper due to cost.
If new auto re closer is built in following recommend suggestion, estimated cost should
be around RM200.00 only. So that device can be more economic and not encumber the
customer. There is no auto re-closer ELCB available in the market, so it has higher

commercialize value due to resolve the problem existence in ELCB
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PIC18F4550 MICROCONTROLLER, ADDRESSING MODES AND

INSTRUCTION SET

MIicrRocHIP PIC18F2455/2550/4455/4550

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 Mbis) and Full Speed (12 Mb/s)
Supports Contrel, Interrupt, 1zochrenous and Bulk
Transfers

Supports up to 32 Endpoints {16 bidirectional)
1-Kbyte Dual Access RAM for USE

On-Chig USE Transceiver with On-Chip Voltags
Regulator

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

Power-Managed Modes:

Run: CPU on, peripherals on

Idie: CPU off, peripherals on

Sleep: CPU off, peripherals off

Idie mode currents down to 5.8 pA typical
Sleep mode currents down to 0.1 pA typica
Timer1 Cscillator: 1.1 pa typical, 32 kHz, 2V
Watchdog Timer: 2.1 wA typical

Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
Four Crystal modes, including High Preeision PLL
for USB
Twao External Clock modes, up to 48 MHz
Internal Oscillator Block:
- B user-selectable frequencies, from 31 kHz

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

Peripheral Highlights:

High-Current Sink/Source: 25 mASR2S ma

Three External Interrupts

Four Timer modules (Timerl to Timer3)

Up to 2 Capturs/Compare/PWM (CCP) madules:

- Capture is 16-hit, max. resolution 5.2 ns (ToY16)
- Compare is 16-bit, max. resolution §3.3 ns (Toy)
- PWM cutput: PWM resclution is 1 to 10-bit
Enhanced Capture/Compare/PW (ECCP) module:
- Multiple output modes

- ESelectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIM bus support

Master Synchroncus Serial Port (MS5F) module
supporting 3-wire 3P| (all 4 modes) and 2o
Master and Slave modes

10-bit, up to 13-channel Analog-to-Digital Converter
madule (AD) with Programmable Acquisition Tims
Dual &naleg Comparators with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 EraseMrite Cycle Enhanced Flash
Frogram Memory typica

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

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

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

- Programmable period from 41 ms o 1312
Programmakle Code Protaction

Single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via two ping

In-Circuit Debug (ICD) via two pins

Optional dedicated ICOVICSF port (44-pin devices anly)
Wide Operating Veltage Range (2.00 to 5.53V)

Program Memory Diata Memory MSSP = E
- . 10-Bit | CCR/ECCP = Timers
Device Flash | # Single-Word | SRAM | EEPROM 2 | ain ichy| (P SFP sPI Mzaster @ E BHE-Bit
(bytes)| Imstructions | (bytes) | (bytes) Fcm™ 3 A
PIC13F2455 [ 24K 12288 2045 2568 24 10 20 Mo Y A 1 2 113
PIC12F2650 | 32K 16334 2045 2668 24 10 20 Mo Y i 1 2 113
PIC13F4455 [ 24K 12288 2048 2568 a5 12 11 ez Y i 1 2 113
PIC13F4550 | 32K 16334 2048 2568 a5 12 11 ez Y i 1 2 113

& 2007 Microchip Technology Inc.

Preliminary

D5356320-page 1



PIC18F2455/2550/4455/4550

Pin Dilagrama

28-PIn POIE, Z00C

T — 1 ]+ RETEELSFGED
FDRH D = ]2 PO REGEECPE
TR TRy ] e RESRIRH P
[ R T L el [ | +— EOsERILVERI
RAIMH IR e 2 RESEKGSOC R F PO
EASTIDELE HOUTEDY - RESahis HTSWHD
b S A L WD R T 00T [ v RS OSTSC RS
(ST TR I bl (T4
[ | — 1
ja[ ] — Wum

5540
am
B

PECIEESS
PIC1EF

i

[ ]

RO o050 30K = 11 18]+ ROTRTITISO0
BT ioaRoC R T oE a— L]12 7] a—s ROATACK
mCwno — 13 12 |+ posmenr

i = | |14 5[] = ROAT-AW

40-PIn POIP
CTHICLTES ] o — , T at) [T aes ROTEBIVPGD
[EGAEEE pe— | 2@ [T a—s ARAKIIZPOD
LA F s [ 368 [T s RO P
Y1 TLLTERI [T —y 37 [T a—s RO HINID0ESEP
EA RN 1M s a—se] 5 3 [T a—s RRRSHRCORE e
RAATOCHAC HOUTRDY e ] 3 365 [T st ROMABTNT WD
PR TN LW M 30U T a—s ] 7 ey o — DAY ) Tl
ECIAHESCE IR s & o 300 [T . DA NN T LTINS LTI
EDUNHEBCKIIPP a—=s[] @ oy v —T
REMATEEEPT a—e] Ty 3 [T et
e N = R ?;i !g 330 [T st ROTISPRETIRAD
Wy ——[] 22 Liih 3% ] a—= ROSSPRERC
CSCANLE] s [ 3 [ 3 [T~ ROSSPRED
ety LT — P frall n gr— T
BT 10 G0UT EACK] a—e ] 85 30 [T = RETRDTRED0
it T e L 1) S oy 5 [T . RO
RCBICPAP L a—s ] 7 34 ] o= RCSDWE
L — g B 0 T s REAID-R
ECOEP PO a—a ] 9 2 [T a—= ROISPF
ECIISPP] w—=] 3 #H [ a—= ROIGPFT

Hoes 1:  RED b ive st ply o D053 mell fasing

SR page 2 Preliminary o BT Wissehip Tashnshegy [re



74

PIC18F2455/2550/4455/4550

TAELE1-1: DEVICE FEATURES

Foxiurss FIC18FZ46E FIG1EFZEED PIC1EF44EE FIC18F46ED
Cperating Freguency DO — 48 M-z O — 48 MHz Do —48 KMHz DC — 48 M-z
Frogram Memory (Bybes METER J2TER 2457 3ZTER
Frogram BMemory [Insnaciions] 12288 1835 1528 1€38<
Ciata FAEmory [Bytes] 2048 08 28 2048
Ciata EEFRCA Memory {Eptes) 25E 255 25 s
Imterrupt Sowmes 1% 1= 20 20
i3 Pors Forls A B, C,(E) | Porls 4,8, C, {El |Poris A B, C,D.E|Foris A B.C.0LE
Timers 4 4 4 4
Caphuns CompansF AR kiosduoles 2 2 1 1
Erkanced Capfurss [ [ 1
Compans P Modules
Earial Commurications MESF MESP. MEEPR, MESF

Enfianced USART | Enhanced LUISART | Enhancsd USART | Enbanced UBART

Uinke=rsal Seral Bus (U3 1 1 1 i
koculz
Etrearning Faraliel Fort (3FF) Mo Mo =g g

1321 Amalog-o-Cigial Module

110 Ingask Shanrels

10 Input Channels

13 Input Channeis

13 Input Charrels

Comparalons

-

-

-
L

-

F=gels [and Deiays) FOR, BOH, FOR, BOM, FOR, BOR FOR, BOR,
PESET rslucion, | ResET Instrucion, | REsET Inshucion, | rEsET Insiruchon,
Stack Full, ERack Full, Elmck Fu Stack Ful,
Siack UnderTow Elmck Undedow Slack Underiow Sack Underfow
(FWNFT, OET) (FWNHT, OET) |PRFLT, ST [FANST, OET),
TCLE jopfonal), | PCLR {opional, | FCLRE joplbionary, | TACLR coodonall,
WoT WO WOT WOT
Frogrammabe Low-Yotags g g iy Yag
it
Frogrammable Brown-ouf Aesat feg b i g
Instrucion Set 75 InstrucHons; 75 Instrucons; 75 Insiruciions; TS Insfructions:
B wilh Exierded | B3 with Eviended | 83 with Exisncded | &3 wih Exiend=d
nsfruction Bas rsfruction Sat rsiructon Sad Instruciion Set
enabied enanied enanied mnables
Factages 2E-pin FDIP 2&-pin FDIF E0pin FOIF 4-pin FOIF
ZB-pin SCIC ZEpin S0IC &d~pin GFH dad-pin QFH
dd-pin TEFF d4-pin TEFP
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PIC18F2455/2550/4455/4550

FIGURE 1-2:

PIC1EF44551455) (40/44-PIN) ELOCE DIAGRAM
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TESLE1-2: PICTEF24552550 PINOUT U0 DESCRIPTIONS

Fin
HUTIDET | b | 2atter
Fim Mams p— Type | Trpe CwgoripSan
L ] 1]
I
MR P RES 1 ffasher Cl=ar {input} or programming woallage (nputl.
X [ = Liashar Clear |R=sat) Inpat. This pin s an actve-ow
Feged io the devios
WEP F Frogramming wokage input
REZ =T Digkal Inzut
CEC1ACLE 5 Jiscliator crysial or exiennal clock Inpet
oa01 Analog Sedlizbor orysial npui or =¢i=rnal dock source mpul.
CL®l Analog Exfemal ciock sourme Input. Akvays assockated wih pin
fenclion OS5, {Ses OECINCLED pin. |
CEC2TLRDRAS gl Zsclialor crysial or chock ouinet
CEC2 O — Csclllabor oysial oufpul. Conneds fo oystal or resonaior In
Crysial Decliafior mode
CLED o — n seiect modes, CSCT pin oufpuls: CLES wihich has 14 the
freguency of OECT and denofes e Insiucion cyde i,
FLAE Ll TiL General purpose W3 pin.
Lagand: TTL = TTL compatiols Ingut CMOE = TS compaiibbe inpast or output
BT = Schmitt Trigper Ingnf whin CRCS leysis | = Input
e T T F = FOmEr

Mot 1 All=mai= assignment for CCPZ when SOFINGG Comiguralion ot ks cleared
2. Debtwl assignmen for CCF2 wihen CCFZMX Confguration bt s set

DENETIDpage 13 Preliminary T el p Tashnskegy Ine
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PIC18F2455/2550/4455/4550

TESLE1-3:  PIC1BFL45504550 PINDUT 1D DESCRIPTIONS

Fir Murmiber
Fir Harma Fin | Butter Dseoripion
FOos | @FN |TaFp | YRR | Tvoe
B
MCLRAPRRES 1 15 1& Masier Clear (Inpul) or programming wofage (rput).

MCLR | a7 Kasier Clear (Sesef] Input. This pin b5 an scise-low
Resel o the device,

e P Programming witsges nput.

REZ | aT Crigital Impurt.

XSCACLE] 3 3z 30 Orsacllahor crysial or eviemal ciock input.

XS | |#reiosy|  Cecliator orysial inpul or evi=rmal cock sounce Input

ZLK) I |Aremicy| Ewemal clock sowros mput Slaays associrisd with
pin funcBon CEC. (See CEEACLED pin.)

ECICLKIDRAS 1l 33 £yl Orsacliahor crysial ar clock output

X5C2 s} —_ Cmcliafor orysial ouiput. Conmects. 1o crysial or
resonalor In Crysial Cscllalor mode.,

CZLKES s} —_ In RiC mrinde, SSC2 pin oupus CLED which has 14
e trmquency of CEC1 and denokes e insiruchion
oyl mafhe,

RAS Iz | TTL General purpose: 0 pie.

Legemd: TTL = TTL compatbe mput CHOE = CMOE compatible Input or ouiput
8T = Echmill Trigger inpul with CHMOE Ieaels w Inpast
O = Zulput o = Fower

Hods 1: Abtemale sssipnment for SCF2 wnen COPZE Configurabon bE Is cieansd.
% Default assignmrent for COFZ when CCPIVE ConAguration b is set.
3 Thess pins ars Mo Connect unless the ICPART Comigusation bt k& sl For MOADRORTE, the pin is Mo
Conneclhunlzss ICPRT s s=tand the CEEUG Corfipurafion bil s cleared.

SEINETIOepage 18 Preliminary @ T Wisechip Taslnskegy Ire
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TEELE 1-5%:  PICTSF44554550 PINOUT B0 DESCRIPTIONS (CONTINUED)

78

Pin Mumiser
7In Hams Fin |Sartar Desaripbon
FoIR | aFm | Tase | TrPe| Tree
FOATA I a bidirecHoral WO pori
FLALVASID 2 15 g
RLAD Iz | TTL Digkal W,
AT Araiog| Anakog mpuld
FLAATAMA 3 i 1 20
RLA Iz | TTL Diglal W3,
AR Aralog| Anakeg bput i
RAZAM2AREr- £ 2 Y
uRer
LAz Iz | TTL Dughal 3.
AR Araicg| Anakeg mpul 2
vnRor- Araiog| ADhreference vollage [low] Input
Sner 2 |Armalog| Anakog oomparstor rederencs oulput
RASAMEARIT+ 5 2 2
RLAZ Iz | TTL Diglal W3,
AMZ Araiog| Anakeg mpul 2
WREr+ Anaiog| ADoreference voliage (high) Input
LA T KL OOy B ! 3
R
FLagd L a7 Dughal 3.
TOCHK aT TimesrD =xl=mal dock Input
C1oUT o — Comparaior 1 oulput
REC TTL Exi=rmal LIEB fansoshver RCY Input.
FLASIAMATEE 7 24 24
HLW DRSSO
RAZ Iz | TTL Digkal W,
An Araiog| Anakeg mpuld
== L EP| slave sebect Inpt
HLW DN Araiog| HighLow-soinps Cetect mput.
C2oUT o —_ Comparator 2 culput
FLas —_— _— _— —_— — Bee fhe OECICLUECVRAS pin.
Lagand: TTL = TTL commati= input CMCE = CRICE compafible Input or oufpul
ET = Schmif Trigper input with SACE leyels = [ppul
C = Jutput P = FOweEr
Hobe 1: Allemai= assigenment for CCP2 when SEFIMXE Configuration it |s clesred
2:  Detxoh sssipnment for DOF2 winen COPEARE Configurabion bR [ sed
3: These pins ar= Ko Conced] unbkess the [SERT Confipurafon it s sed. Bor NSACE0RTS, e pin [ Ko

Conmect unizss ICPRT I5 521 and the DEEUG Corfiguration bl 15 cieansd.

o 00T Miseehp Tachaskegy Ine Preliminary O M D grag 17
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TAELE 1-3: PIC1BF 4554550 PIRDUT 10D DESCRIPTIONS [CONTINUED)
Fim Muriber
Fir Hama FIn | Eutrer Cszoription
Foo= | @FN |Tare | HPE| Tips
FORTE ks a bidirecional V'O port. FORTE can be sofwars
orogrammed for indemal weak puli-uss on all inpuls.
RBAANT 29T 33 5 g
FLTISOSDM,
REJ Iz | TTL Chiphiad 13,
AM1Z I | Sralkog Aralog Input 12,
IKTT | aT Exl=mal Fbemust C.
FLTD | aT Erkanced P Fauit input (ECCP1 moduie]
8D | BT EFl dafa In
S0, o | sr Fo™ daka 10,
RE1MANTDANTSCE 2L 10 -
SCL
RE1 Iz | TTL Dripiial 13,
AN [ Aralog Ingut 12,
INTH | aT Exl=mal mbemupt 1.
BCK [[=] ST Eynchronous serial clock Inputioulput for SFI mode.
SCL [[{=] aT Eynchronous s=rial ciock Inputioutput for = mode
REZAMEINTZAMC 35 11 10
REZ I | TTL Dhpitad 183,
AME I | Sralkog Aralog Inpaut 8.
INT2 | aT Exl=mal kbemupt 2.
WD s} —_ Exl=mal USS ransosver WidC outout
REEANITOFINED 36 12 11
RE3 Iz | TTL Dripitad 13
L E] I | Srelkog Aralog Input 9.
copl | sT Capbure 2 ippubiCompans 2 culput® M 2 outpt.
] =] —_ Exl=mal USS transcsiver VP oupet,
RE4ANTIEEILCSEPF]| 37 14 14
REL I | TTL Dhpitad 183,
AMTT I | Sralkog Aralog Ingpat 11,
WEID | TTL Inisrrupi-or-change pin.
CEEPP s} —_ EFFP chip saiect conirol culput
RBSEEHPGM 38 15 1=
RES Iz | TTL Dripitad 13,
HEL | TTL Imierrupi-or-change: pin.
PG [[=] ST Loww-nitags [ZEF™ Fropgramming srable pie
RBSEERPEC 38 1& 1E
RBS I | TTL Driphial 15,
WEZ | TTL Inisrrupi-or-change pin.
PGEC =] aT Ir-Cincuit Cebugger and ICEP programming ciock pin
RETEEEPGE0 41 17 17
RET Iz | TTL Dhephtal 13,
K23 | TTL Infenruni-or-change pin
PGE0 =] aT Ir-Circuit Cebugger and ICEP crogramming data pin.
Lagend: TTL =TTL compatiole imput CRIOE = CWOE compaiibls Inpt or ouiput
8T =Echmill Trigger inpul with CHCES Ievels = st
2w Julpu P - [FowEr
Miofs 10  Altemale sssipnment for S0F2 winen COPIAWE Configurabon BE 5 cleansd.

F  Delaull assignment for CEFZ when COPZMNEK Corfgurafion bi
Thisze pins are Mo Conneci unlsss the IDFAT Condigumaiion bit ks set. For HMCAICRORTE, he pin s Mo

S sE.

Conrecl urizss ICPRT s st amd the DEEUG Tonfiguration Bl s claaned.

SHMIEEILmage 12
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PIC18F2455/2550/4455/4550

TAELE 1-3: PICSF425504550 PINCUT VO DESCRIPTICHNS (CONTINUED)
An Hurmier
2in Hams Fin | Barer Dscaripton
FOIF | @Fm | Taer | TFPE | Tree
FOATC Is anidie=ctional D port
RCOTICERMIZCx 15 34 az
RCO 1 8T Dugkal k2.
THCE0 o —_ Timer cescilator cutput.
THA3CK] ST Timesr1 Timer3 eximmal dodk Input
CATIOENCCPR! 18 L. 35
UCE
ci 1 a7 Dugikal 2.
TH0E] CMCS| Timer cscliator input
corzidl iz | &t Caphune 2 InputCompare 2 culput PN 2 outpul.
e o - Exiernal LSE fransoateer s ouput
CUCCFEAP1A 17 iE e
o2 1 8T Digial 3.
CCoM L a7 Capture 1 Input'Compare 1 oulput PN 1 oufpul.
P o TIL Enhanced CORY PWM oulpul, chiarne] A,
RCEID- 23 42 42
RCE TTL Digkal Input
- 13 —_ UEE differsniial minus Ine (inpebiouipat)
W TTL Exiennal LIES fransoetver VI Input
RCE D= M 43 43
RCS TTL Dugkal Inpuft
O+ | L — LSS difsrental phes lns Inputoutput].
WF TIL Extennal LIEH Transoetver WF Inpuk
RCETECK 25 44 44
RCE 1 8T Digial 3.
T o — EUSAST asynchronous transmi
CK Iz a7 ELSART synchronous ciock {see RXGDTI.
RCTREIDITISDD 25
c7 | L a7 Dugial 2.
RLX a7 ELSART asynchronous nepefve,
oT 1 a7 EUSAST senchnonous data (s THCKL
D o - EP| daln ot
Lagand: TTL = TTL commsHse input CHMICE = CRICES compatibie nput or output
BT = Schmif Trigosr input with TMCE eyl = [rpul
S = Juiput P = FoaEr
Hobe 1 Allemais assigrment for CCPZ when COFZRE Confguration bit 1s clesred

2:  Defyeh sssipnment for DCF 2 wihen COPZME Confgurabon bR 15 st

3: These pins ar= Ko Conmect unkess the WCFRT Configurs@on Dil s set. For NEACRORTS, = pin Iz Ko

Conrect unizss ICPRT I 521 and the CESUG Corfiguraton bR Iz cieaned,

AT Wissschip Tacheskegy I Prelim nary
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TASLE 1-3: PIC1BF24554550 PINCGUT 1WD DESCRIPTIONS [CONTINUED)

Fin Mumiber =
Fir Hama In | Burftar Dseaription
FOo® | @ |Tarp | TR Tyee
FORTD |5 & biclrecioral §0 pord or & Sreaming
Faralie| Fort [SFFL Thiese ping Fase TTL Input bufiers
wifeen The SFF module |s snabied,
ROCEFFD i3 35 =
RCC [[ie] aT Crigital 5,
SFFD I | TTL Bireaming Faralie] Fort data
ROAEFF 20 = 25
RO [[ie] aT Drigital 143,
SFF Iz | TTL Eireaming Faralke] Fort data
ROZEFF2 21 Lin 4
RO2 [[ie] aT Crigital 5,
SFF2 I | TTL Birearming Faralie] Fort data
RO3EFF3 a2 41 41
RO3 [[ie] aT Drigital 143,
SFF3 Iz | TTL Bireaming Faralie] Fort data
RO4EFF4 a7 2 Z
RC4 [[ie] aT Crigital 5,
SFF4 I | TTL Bireaming Faralie] Fort data
ROSEFFPLP1E 28 3 3
RO< [[ie] aT Drigital 143,
SFFS Iz | TTL Bireaming Faralie] Fort data
P1E =] —_ Erkanced C5FH PR output, chanme] B.
ROEEFPLPIC 23 4 4
ROE [[ie] aT Drigital 143,
SFFE I | TTL Bireaming Faralie] Fort data
P1Z =] —_ Erkanced S5FH PR cutput, chanme] &
ROTEFFTFID ad g g
ROT [[ie] aT Ciigital 113,
SFFT Iz | TTL Eireaming Faralke] Fort data
[ ] (=] —_— Erkanced C5FA PR cutput, chanme] 0
Lagemd: TTL = TTL compafdtis mput CMOE = CADE compatible Inpuet or ouimet
ST = Echmili Trigger inpul with CHMOE [esels w It
2 = Julpt P = FoweEr
Mots 10 Abemale sssignment for SOF2 winen COP2ZAY Configurabion bF I cieaned.
F  Delaul assignment for CEFZ when SCPZWE Configuraton b Is set.
& Thes= pies are Mo Connect unless the ICFRT Comligumaiion bk ks set. For HGAICFSRTE, he pin s Mo

Conmeclurlzss ICPRT s set and the DEEUG Corfiguration Bl is cleared.

DEINEEI0-Rage 20 Preliminary o Y Wissehip Tazinskgy Ire

81



PIC18F2455/2550/4455/4550

TEELE 1-3: PICIEF4455/4550 PINCUT O DESCRIPTIONS [COMTINUED)

An Humiber
#in Hame Pin | Earfar Decoriptior
FOIP | GFw | Tasp | TiRe | Tree
FCOATE ks & bldreciional 1FC part.
RENAMSICETSFP ] i 25
RED Lo aT Digkal 2.
AR Arakg|  Anakeg bput £
CEASPE o —_ EPP ciock 1 cutput.
REANECEIEPRF g IE 3E
RE1 13 ar Dighal 3.
Al Anakg Anaksg mpul &
CHZS5PF o] — EPP ciock 2 oulput.
REZLAMNTIZESPF 13 = 27
REZ Lo aT Digkal 2.
AT Arakeg|  Analeg mpul T
CESFF o — EPF oulput snable oufput.
RE3 —_ —_ —_ —_ —  |Se=e BCLRWPRRED pin
Yes 12, 31|&6.30.| £.29 P — | Ground reference for kagic and KO pins.
Woo 1,22 78, | T.2=| P —  |Fosfive supply for laglc and K0 pins.
25, 29
Yusn 15 Ery ar e — ntemal LSS 3.3 woilape reguiabor oulout
HoacorcracH — | =] 1z Mo Connect or dedicatssd |COSES™ pord clock.
[ x| =T n=Circult Datugper dock
ICFGE s aTr CSP programming clack
HCACDTACRGD™ — | =1 1z Mo Conmect o cedicatss | COCES por clock.
ICOT Lo aT n=Cincull Deougper data
GRG0 e aT Z5P programming daba.,
HOTERE el — —_ 33 Mo Connect or cedicatss |COVICER port Reset
ICRET — aster Clear {Reset) mput.
[Eegtl =l — Frogramming sokages Input
HoAsFORTER! -] - 34 F —  |miz Conmect or ZE0in cevios smuation.
ICFORTS =Enable 25-pin desios amulabon when conrecied
o Wies,
HC — 13 — — — o Connect.
Lagand: TTL = TTL comgabbi= input CMOE = CRICE compaible Input or ouput
ET = Schmif Trigger irput with TADE levels = [rput
O = Ouiput F = FOweEr
Nobz 1: MAl=mate assigrment for CICPZ when COFZRMX Configuration bit 1s cl=amed
Z:  Defael sssipnment for SOFR2 wihen CCOPZRX Conhgurabon bR |5 5=t
d: These pins are Ko Conred uniess the [ISERT Configurafon Dl s set. Sor MCACE0RTS, 1he pin = Ko

Conreciunless ICPRT Is s&t and the CESUG Configurabon bH s ceaned.

. ______________________________________________________________________________________________________}
o 00T Miswseip Tacheslegy I Preliminary RIS raga 21
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20 OSCILLATOR
CONFIGURATIONS

21 Owverview

Cevices In the FIC1BFIEESZSSOMASEHEE famly
Incomporale & dferent osclistor and microcontrolier
ciock system than previous FIC1EF devipes. The addi-
fion of the WSE modul=, wit s unigue requirements
fior a sfable dock :ouTe, make L necessary o peovide
a sepoersie clock source hat s compilant wilth bots
LSE Iow-speed and Tul-speed specHicabiors.

To accommusdsie these reguirements, FICH8F2455
ZE544E5SE] devioes Indude a mew clozk branch o
prosdde a 45 MHz chock for Tul-speed USE omeradon
Siece |t |5 driven from the prirmery ook source, an
addboral system of prescalers and postscalers has
been addsd o accommodale 3 wide range of oscllabor
frequencies. An ouverddew of the osclistor stuchure I
showm In Figure 2-1

Crinar ozclalor f=alures used b FICHIE enhancss
microconbroliers, such as the inb=mal oscllator Biock
and clock swiichieg, remain S same. They ans
dlsorssied laker i this chapisr

2.1.1 CECILLATOR COMTROL

The aperation of the cscllakor In FICIBF2E552550
44554550 desioes ks conimolled Shrowgh o Configu-
rafion regisiers and tamm confrol registers. Configurabdor
reglsbers, COMFIGAL and COMNFIGIH, select fhe
omcllsfor mods and UES prescaenpostscaler opbions
Az Confguration bits, hese are et when the devios [z
programmed and =it In fhat configeraon untl fhe
device |5 reprogrammied.

The SECE0ON repister {Register 2-I) sejecls the Acive
Clack moze; It 15 oeimarly used In controling clock
salching In power-maraged modes. Hs use Iz
giscusted n Sestlon 241 “0colllator Comirod
Faglctare

The SECTUNE register (Reglsler 2-1) Is used o trim
the INTRC Treguency soute, a5 well a5 seiech fhe
io-Tregquency clock sources fhat dives several spedal
features. [B5 use |3 descrised In Seotlon 2252
AOECTUME Raglchars

2.2 Oscliator Typss

FIC1E-24ECSs0vid S/ 000 dewices can ke operalss
In fwestve disfinct oscliator modes. In contrast wih pre-
wious FIC1E enhanced micromoninolers, four of hese
modes Irvove ine use o te cscillator ypes of once
Users can program the FOSCRHFOSCI Sonfiguradon
bits fo seiect one of thess maodes:

X CrysalResonalor

MTFLL CrystalResonakor with PLL enabied

Righ-Spesc Crysal'Sesorator

HSPLL High-Spesd CrysialResonainr

with PLL =nadied

Ewte=mal Chock with Fosc'd ouiouet

X Extemal Clock with 50 on RLAS

7. ECPLL Ewtemal Clock with FLL =nabled
and Fosc'd ouioef on RAE

B. ECPI> Extemal Clock with FLL =nabled,
IF> on RAE

8. INTHE Imi=rnal Cscllator usss as
microconimler dock sours, HE
Csclizior wsed as IUSB clock source

131 WTET  Imiepnal Cscliator usss as
microoenircler dock source, T
Crscliior wsed as USB chock source

1. WTID  Imiepnal Csclistor used as
miomonircler dock soure, EC
Cpcllaior wsed as LB clock source,
dightal 1'T an R.AE

12 INTCED Imiernal Ccliator usss as
microonircler dock source, EC
Oscliior wsed as USB chock source,
Foscd'd oufput on S4B

221 OSCILLATOR MODES AND
LB ORERATION

Eacause of e unigue requiremnents of fhe LESE moduke,
a diffenent aporoach bo clock operation ks necessary. In
previous PICY devicss, all core and perphersal cocks
were driiven by a single osdisior soums; e usuasl
SOUTTES Weere primary, secondary o fhe inkemal codiz-
for: \Ath F1C18F2d S RZEEOMESS/E D desioss, 0= pri-
mary csclbalor becomes part of e UEBR module and
cannct be aspeckabed 1o any olfer dock source. Thus,
= LEEE mpdul= rmust be cincked from e primany ook
soure; however, the microconimiler core and other
periphierals an s separately Clocked from fhe ==cond-
ary or inlemal asscllainrs as belore.

Bacause of fhe Iming reguirements Imposed by WUEE,
an Imberraal clock of slbher & Bz or 48 MHz s reguined
anlle the USE module |5 erabked. Fortunately, the
microconroler and olher perpherals are ot regquined
jo rum ot this clock speed when using e primmeany
osclialor Ther are remerous opbons 1o achiese the
LIES module clock requirement and s8l provide S exdol-
by for diocking the rest of the dewice from the primary
oscliaior source. Thess are delalsd in Ssobom 2.3
“Opalliator 2aBinge for USES.

oo
T

0 0
o
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FIGURE 2-1:

PICASF2455 2550445504550 CLOCK DIAGRAM
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222 CRYSTAL OECILLATORICERARMIC
RESOKATORE

n H5, HEPLL, XT and XTFLL Csclialor modes, a
oryshal or peramic resoralor ks connecled b the S5
and 5C2 pins o estsbiish cscisfion. Fgure 2-Z
shows e pin conneciions.

Tre= oscliator design requires the use of 3 parallsl out
cryskal,

Mofe:  Us= of @ sari=s cul crystal may ghee a fe=-
guercy out of the crystal manuisciuner's

TABLE 2-2  CAPACITOR SELECTION FOR
CRYSTAL DSCILLATOR
Typical Camaotior valuss
Des Type -L‘a;ymnll:l Tected:
1 -2
T 4 W=z ITpF IF pF
HE 2 W=z ITpF a7 pF
8 MHz 2 pF 12 pF
20 M- 1€ pF 15 pF

speachications.
FAGURE 2-2- CRYSTALCERAMIC
RESONATOR OPERATION

[XT. H& OR HEPLL
CONFIGURATION)

" esc
£ |
it - . Irfmnm
ETAL T L Logs
T
o IR P
e PIC1SFNICHR

Fcle 10 Sad Tak's 2-1 a=d Talie 2-2 15 nlal walod of
(= [
2. B i ndlwlcor [RS] T Se reculied B AT
WS cul Efpaka b
X HF varkd with IFe ascilaEr mode chzeen

TAELEZ-1: CAPACITOR SELECTION FOR

CERAMIC RESONATORS

Capacior valusc ars for daclgn puidaniss ooy,

Thiese capachors were besied with ihe crysials sted
beoa for tas'c slar-up and operabor. Thece values
are mot optimized.

Citterant casachor values may be requirss i produces
accepiabke cecliator oneration. The user should l=st
the partomeance of e cacilalor over the expacted
Wioa ard temperabure rangs for the applicalion

Sex the nolzs following this bk for addons
Informalion.

Cryelale Usad:

4 M=z

8 Mz

20 MHz

Typlual Capaohor Valuss Usad:

Modes Fre=q b ey ak:{nrd
T 4.0 KMHZ I3 pF JIpF
HS S0 MHz IT pF 7 BF

120 MHz 22 pF 22 pF

Capaohor valuess are for decign guidanas only.
These camachors wers tesied with fhe resoralors
Isi=d below for basic startt-up ard ocperabon. Thees
walwas are not ophmized.

Differenit capachior walues may be required b produce

scoeplabie oscliator operalion. The user should best
firee perfomance of fhe oscllsbor over the sxpecied
VDo and temperaiore range for e appilzation.

Eee Thie roles folowing Table 2-3 Tor additicnal
nmiommation

Mobs 1: High=rcapackanos inorsases e shmity
of oscllalor it also Incr=sses {he
start-Lp free.

¥ When operaling below 3 VoD, of when
using cerialn cEramic resonators at any
voliage, It rray be necessary o use the
HE mode or salhch o a crysial osclistor.

3 Eince each resonatoncrystal kas = own
characherisfics, the user shoukd oonsul
Ihe resonaioricrystal menuiaciurer dor
appropial= valuss of =xtemal
Comporents.

4: Rz may be required 1o avold overdriving
crysials wit ko drive el specfication.

£ Mmooy verty osclizior parioomanos over
the Voo amd temperators range fneb =

expached for T mppiication.

Resgonatons Usad:

4.0 M=z

B.OMNHE

16.0 M=z

Ap |nfarmal posiscaler mlowes usErs lo SRt & clook
frequency ofer than Fal of fe crystal or resonabor,
Fraguercy dwision Iz determiness by e CPUDN
ComfigurySon oils. Users may selact & dock freguency
of fne cacliaior frequency, or 12, 473 or /3 of the
fregquenicy

An extemal dock may aiso be used when e mioo-
monireler It ik =S Csclistor mode. In this case the
CEC2TLKD pin s k=t apen (Figune 2-3}.

DCUCT Ricech p Techesdegy I
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FIGURE 2-3: EXTERMNAL CLOCK INPUT
OPERATION [HS OSC

CONFIGURATION|

e s —[ ‘.ﬁ\."—l- fe—a |
Ext Spwmm L FICIBF R EE

Open — cgsy NS Mo

F33 EXTERNAL CLOCK INPUT

Th= EC, ECIS, ESPLL and ECPID Ssclishor modies
requine an =xtemal dock source o be conpeched o the
DS pin. Thers Iz ro osclliator starf-up Ame rsgulmed
ater & Power-on Reset or ater an oexit Tom Elesn
mode.

I e EC and ECPLL Tsclisbor modes, The oscistor
frequency diwided Ty 4 k5 avallable on the ©SC3 pin.
This sipral may b= used for besi punoos=s or 1o
pynohronize ofer logic. Figurs 2-4 shows the pin
oonreciions for the EC Cesclistor mods.

FIGURE 2-4: EXTERMNAL CLOCK
INPUT OPERATION
|EC AWD ECPLL
CONFIGURATRON)

e,
g Bizdn —[ " ta—gm] NS UELE
-
BL Bymen |- FIC1BFICNXY
PO e LRI D

T ECI0 and ECFIC Ceclialor modes funclion ks the
EC and ECFLL modes, except that the CSCI pin
Decomes an addifonal gensral purpose U3 pin. The Ko
pin becomes bit & of PORTA (FAE). Figuns 2-5 shows
e pin conmechons for ihe ECOC Sadliator moge.

224 PLL FREQUZMCY MULTIPLIER

PIC1SF245 5SS 4 FSEiss<n devices Induds a Fhas=
Locked Loop (FLL) droult, This Is prowided speciiicaly
for LESE appications wih lower spesd oscdiaiors and
can gl == uzed as a micrsconroler chock source.

The PLL s enablsd in HSPLL, XTPLL, ECPLL and
ECFIO Osdiaior modes. 1/ Is designed to groduce a
Theed 26 M-z relepence ciock from a flved 4 BMHE nput
Thie oulout can then e dvides and wsed for boflh e
FEE and e micoconroler core clock. Because he
PLL has a Theed frequency Inpet and outget, there ane
eight prezcaling oplions b match Te omcliabor Ingt
frequency o fhe PLL

There |5 also a separls noskcaler opiion Tor desing
the microoonirolker chock from the FLL. Tris allows e
USE perpheral and miooomninolesr 1o use e same
oscliaber input and 0 operate ot diferent clock
spends. Inoonlrass o the postscaler for KT, HS and EC
modes fhe avalatle opfons ars 172, 13, 12 and 1€
of #he PLL oulput

The MSFLL, BECFLL and ECFID modss make use of
the HE mode cecliaion Tor freguencies up o 45 MHZ
The prescaler divides the oscilador inpet by un o 12 o
produce fhe 4 BHz driss for the PLL. The XTPLL mode

can only us= an Input freguency of 4 BHz which drives
the FLL direcily.

FIGURE 2-&- PLL BLOCE DLaGRAM

fHE MODE)

FIEIRE 2-5: EXTERNAL CLOCK
IHPUT DPERATION
|ECAID AMD ECPIO
CONFIGURATION]

(= ] ‘__""{n—F- pe= L L]

Ext Spwn L FICIBFICNEK

FLEE e LT

The Im=rnal poestscalsr for reducing clock fragusncy In
X7 and HS modes = alzo avalabi= In EC and SO
rodes.
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L Ermta—_f
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40 RESET

Thie FIC1EF24552 50005 E55] devices difeneniois
bebpsen satous Knds of Reset:
2 Powar-on Geset (OS]
Bl MCLR Smset during nomal cpsration
c}  MCLR Feset durng poaer-mansged modes
@) \Aalchdog Timer {\$DT) Resel {during
mweCudan]
= Progmammable Erowr-out Resat (BOR)
i pEaET Irstruchon
i Sack Full Reset
Rl Sack Undepion Seges
Tris secHon clsousses Ressls gensraisd by FICOS
FCR and BOR and oovers e onerafion of ine warious
siartun Hmers, Slack Sesat svenls ane cowerss o
Soullon 6.1:2 4 “Elaok Full and Underflow Resabs”

WiDT Resaiz ars oovsred In 3scblon 262 “datohdog
Tirser (WO

A& sirmplfed blsck clagram of e on-chip Reset ool
k& shovwen In Flgure £-1,

4.1 RCONM Raglater

Cewioe Ragei mwmnis ar= racked through the RCO
regisier (REgisier 4-11. The lower Thie Dils of the regis-
lzr Indicat= that a specific Reset =yent has ocourred. In
most cases, ese bils can only be deared by the event
aned musl be sat by e applicafion afber the ayerk The
shaie of ihes= Tlag bERs, tak=n jopather, can be read o
ndicai= e type of Feset thal Just occumed. This ks
described Inomore delall It Seckion 48 “Aaced Ehyils
of Faglstare™.

The RCOH megisier also has coniol biis for s=fing
Intemupt priorty {IFEM) and sofware coniml of the
EOR (EBOREM). Imkemupl priodty s disoussed In
egtion 80 “inbsrrupbs®. BOR s cosered In
Jeotion 4.4 “Erown-cul Fegat (20F)7.

FIGURE 4-1: SIMPLIFIED ELOCK DIAGRAN OF OW-CHIP RESET CIRCIT
BESET
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4.2 Master Claar Resset [MCLR)

Tre BCLE pin prowides & methed for 9ggedng an
sxiernal Resel of the device. & Reged i penerabed by
Foizing the pin low, Thsse cevioes have 3 nokss Shker e
the MCLR Resat pats which debects and ignones smal
pulses.

Tre2 TIECS pie ks maot drkven low by any inbzmal Resals
Inciuzlng the WO T.

n FRCIBFIESSZEE0MASEUSa] davices, e MCLAR
Inipzt can b= disabled with e MCLRE Configuraiion
b, Wih=n BICLR s disabisd, the pin bescomes 3 clgia
Irppist. B Eeoflon 1008 “PORTE, TRIZE and LATE
Faglebere™ for mors Irormador

43  Powsr-on Reszet (POR)

A Powsr-on Fe=set pulss b3 gensral=d  orechip
whenzyer Yoo rses sbove & cedain threshold This
alows the device o st In e inlEalzed siode wher
Voo s adequate for oparafon.

Tolake adeantage of th= FOR cincullny, Be ihe MZLE pin
through & resistor {1 K2 #0 1D EO) 0 Voo This wil
elminate sxiemal RC compornents usualy nesded o
oreabe a Power-on Resel delag A minkmum s rals for
Woo s spaciied [paramelsr D00, 3=obion 2B “DC
Charscberielios ™. For a skow rize fime, see Flpune 42
Winen the device stars romal cpemation {Le., =xdis e
Segef condibon), devwios operaing paramebers (woib-
age, freguency, Eempersture, eic) moest be met o
ansure operadon. | h=se conclons ar= noi met, e
dmvice must b= held In Fesst ueHl e operabing
comcdiions ans mat

FCA svants ars caphured by the FOR ol (ROOK]=)
T stais of the bi |2 setbo ‘0" wheneyer a POR ooours;
i do=s not cheange for any ober Beset avent, FOR |5
rob resed bo 1’ by Aty handwane eyent To capiure
mulpE svenks, e user manaly resets fhe ik
In software folioaing any POR.

FIGURE 4-2: EXTERMAL POWER-DH
RESET CIRCUIT (FOR
SLOW Voo POWER-LF)
WL WED

=

H
1 _
f— WELR
& FI1 8RR

Extmirml Piewer-af Hadel Srcul @ reguiesd
iy I e W00 praiid-up slope @ D= Sloes
It dxde D eics S 150 cesedci
guichly wie= ¥ D Soserm Jewn

F s a1 WED i o rtrems tad B resion sie Tl
Ep solags disg alicam K doss rel si2bt
1B dasion o eleclies apees L ealien

Rl & 1 R wil il any cusent Besing b
mltrr-l:hurll:lp'l:ll.ru_ nle eva=l
of MULHAY R pn dakadcen, dom 15 Elcbe-
slile Dischaiga (EELG &f Bl
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20 MEMORY ORGAMIZATION

Trere gre three Smees of memory In FICTE enhanoess
mlcracorinclier devioes:

* Program Blemors
* Cala FAM
* Dala EEFROA

A Harvard archilechine desices, the data and ceogram
memories use separale busses; s allows for oon-
cument acoess of the feo memory spaces. The data
EEFRON, for prachical purposes, can be regarded as
a periphe=mal deyios, since It s addnes s and aco=ssed
throuph & s=% of coninol regisbers.

Addboral defalled imformalion on the operafion of e
Sash program m=mory B provide=d In Esoilon 8.0
AFlach Program Memorng®. Caln EEFSCM Iz
glsoussed semarataly In 3eabion 7.0 “Cata EEFRCM
Mamory™.

FIGURE 51:

£1  Program Memory Onganization

FiC18 microconfrolers Implermemt & 21-6E program
oumier wihich 13 capabie of sdcressing a 2-Mbpyie
PO MMy SPacE. ADcessing a locabon betwesn
Iz wpper boundary of the physicaly Imolemented
memory and the 2-Mopie adore=ss will retum 2l 'o's {2
WCF Irslrution].

The FICIBF24ZS and FICIBFZ4ZS each  hase
24 Khytes of Flash memony and can store up bo 12,288
gngle-wond  nstruclions. The PIC1EFZES0 and

PRCABF4550 eaich haye 32 Koyles of Flash mesmory
and can siors up i 15,284 single-word Instnactions.

FIC18 cevioes have tao Intemunt vechors. The Rezel
vecior adcress ks at 00006 and e Inl=mupt weclor
aderesses ars at D00Eh and 001Eh

The program memory maps for FIC1SF4ES and
PEZIEFXEE0 devices ans shawn i Flgurs -1

PROGRAM MEMORY MAP AND STACK FOR PICT8F2455 2550\ 445504550 DEVICES

FIC1EFX4BE

| PG il e |
ISP, ETI, =1
N, MATTM, SAZIM,

FE, BT

Shack Laenl
i
STaCh Lewl 31
e iz oemn |
High Pikailly infedios Yedsr |UCER
Lew Friafly’ maifug] Yook | oSiah
OaChip
Miogtan Meraiy
SFFFh
BIlilh
:
Wy
EF
=
!
Baad 0
FFFFFR
SO =

FIC18FXEED
| [ |
FETIUH, I'r el
SRy Laswl 1
:
Shach Leval 31
Foser vt U
High iy 1Sk Wi |OCIER
Lezwa Prizily 1=hrmusl eesdns [ 1380
One-liEip
Pizag i Menmssiy
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UFFFFFh
AOOnET
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211 PROGRAM COUNTER

The Program Counber | PT) speciies ihe sddress of the

nsnsciion b febch for exsculion. The FZis 21 bis wide
and 15 confalned In (feeme separais S-bit regiskers. The
o byt known as the PCL neglsber, I bolh neadabl=
anid writaie. The high byte, or FCH regisher, conlains
e PC15:8> bis; R 13 nof dinecily neadable or wrilabie.
Updales fo the PCH register ane performed thnough the
FCLATH register. The upper Dyle |5 callsd P2 This
megister conlains the FO<20:16> bils; E s also not
direicily resdabks or wriisbl= Updal=s o the PTU
regisfer ane pefomed through e FOLATU r=gister.

Tz confenls of PCLATH 2nd PTILATY are ranstenmed
o the program coundsr oy any op=ralion hat wies
FCL. Simlary, the upper teo bytes of the program
counher ane fransfemed o PSLATH and FCLATU by an
operabon that reads FICL. This Is wsedal for compuled
ofgets to e PO [zes deobiom £.1.441 “Computed
[OTO")

The PC addresses byl=s n the program memory. 7
oreyend the PG from Decoming misallgred wikh word
nsinociions, the Least Significant it of FCL 15 fived G0
3 wake= of "', The PC Incremends by 2 o address
sequential iInstuctions In fe program memaorny.

The cAly, RCRIL and 70 phogram  Dramch
nsinaciions wrli= o e program counler dinecily. For
fhese Insuclions, e comisnts of PCLATH and

FCLATY ane nof ransiermed o the program counl=:

1.2 RETURN ADDRESE STACK

The refurm address stack alows any cominafon of up
fio 31 program calls and Intsmepls i ootur. The PC s
pusted omis the stack when a oL of RoRLL Insbuc-
fon ks ewecwied or an kmkemupt I Acknowiedped. The

Pz wakee B pulled off e stack on 2 RETTRN, BETLHOF
8 pETFIE Insneciion. PCLATY and PCLATH are= not

yTeched by any of e ARTULN oF SRLL IRsiruchons.

FIZURE 5-2:

The: stack operaies as & 31-wond by Z1-bit FA and a
E-bE Sack Folnfer, STEPTH. The siack space s not
pairt of slther program or data space. The Siack Foinker
Is readabi= and writabie and e address om the fop of
th= siack kb mesfzki= and wrilabl= Trough e
Top-of-Siack Epecial Funclion Registers. Dais can also
be pushed o, or popped from e siack, using thess
regisiers

A ALl bype Instnuciion causes a push onlo The stack.
The: Btack Folnder |5 frst incremernisd and e incation
poinied fo by the Siack Polmier s wrile=n wilh e
pork=nis of the PC dalready poin@ing o Ihe nsruction
Following T cALL]. A RETONS Gne nstrucfion causes
a pop from he sfack. The comieniz of the localion
pointed b by the STHFTR amre fmnsfemed io the FC
and then The Sack Polnter 5 cecremienizd

The Slack Fuoinber |5 inillalizesd bo ‘copoo' aer al
FEsets Thers is no FAR associsbed wih e incation
porrespondng o a Slack Foink=r value of ‘copen’; this
5 only a Resel vakse. Stlus biks indicabe IF the sisck s
full, mexs ovelowed o has underflowedl

a1z Top-o-S13ck ADDEES

Coby th= fop of e refum address sack (TS Is
readabe and wriiable. A et of three mepisiers,
TOSLUTOE=TOEL, hold fhe comienis of the stack loca-
bon poini=d o by the STEFTH regisier [Figune S-2). This
aliows wsers b impleErment & softweere shack H necessang
Adwer a CALL, RoRLLOr mkemupd, the sofwans can read
the pushed value oy readng fhe TOELETOSHTOEL
regisiers. Thess waluss can be placed on aussr-deinesd
softaars stack. Af relum bee, the softaare can meHum
e valueg o TOSUITOES TOEL and dio & reum.

The user musl disabie the global irbemupt snabile bils
whie acoessing e stack bo prevent inadverisrt stack
conrupdon.

RETURN ADDRERE STACK AMND AS50CIATED REGISTERS

Top-of-Stsok Regletsrs
TIESH

(L

b ]

ToE TOSL

o

Return Addrecs JaokoZ0:0e

1111p

T Etaok Poinber

® _] # STEFTR=4:0>
L [ ]
L

1 =

COTAZSER | cobdl e

. T Bk
DODDESn | oo

o=l ke .I

Lol i o] 1}
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52  PIC1& Ingtruction Cycle

521 CLOCKMG SCHEME

Thie microconiroler dock input, whether from an
riiernal or extemal source, ks iniemaly dhddeds by four
i gererabes dour non-overiaoping quadraore Clooks
0@, @I, G3 and G Intemally, e srogram ouner s
ncremenied on every Q1 the nsrucbon Is f2iched
from Im2 program memary and ixched indc he insruc-
fon Register (IR during &£, The Insfruction s decoded
and sw=culed during the folkowing Q1 fhrough &2, The
diocks and Insinecion esecuiion fiow ar= shown R
Agure 5-3.

522 INETRUCTICHN FLEWATFIPELINING

Ap “inslnuciion Cyole" consists of four @ cyckes: O
Imrough 4. Thie insnsction fetc smd eeeculs are olpe-
In=dlin such & manner fhat & fsich fakes ore insneciion
oycle whis the decods and ewscube fakes anolher
nsruction cyde. Howeyer, dee b the pip=ining, =sch
nsruction effecteely executes n ome cyde. I an
Insruchion causes the program couner 1o change (=.g.,
SCTw], Then fwo cydes are required o complete e
nsruction (Exampie 5-3)

& felch cycle bagies with the Program Counder (PS)
nor=menbeg w21

In the execuiion cyde, the felched Instnocton s alched
Inby e Instneciion Regisker (R In cycle &1, This
nsruction |3 then decsded snd epscuied dusdng the
23, @3 and G4 cycies. Dals memory bs read dusng G2
[operans read] and wrifen during @d (desination
e,

FIGUIRE -3 CLOCKIINSTRIMCTION CYICELE
Io@a | @2 | e | od ooy | oG | ar | o4 | oan | g | oeE | ood |
be ol I T T W s W N N o T S N N S W |
=1 & 1 | — . |
Gz | | S/ " | J w—ll 1=l
s j . ] ! |
" [ I FC+ % i L ]
OSSELHG
(RE i) I b 1
FET ) i e I I
1 Fadzhi WG T P Lseas IWST (POG 1
Fadoh ST S50 4 31 Eowcin as PL + 31 ]
Pt IS T 35T + 4 |
EXAMPLE 5-3: INSTRUCTION PIPELINE FLOW
Towd Ty 1 Taorl T3 Toed ]
1. EOVLH E&h | Feich 1 Exmcub= |
I. MOVER FORTE Feich 2 Eveoste 2
1. BRA ETE_I Fesbrh 3 Eweouie 3
4. BSF FORTA, BITi (Foroed BOE) Fedich 4 Flushi (wor)
E. Inrtroctico @ sMrsaw 5761 Felch SUS_1 | Execuie SUE_1 I
Motz: Al instucions are single cycle, evoept Tor any program branches. Thes: ke two cyoes since the fzhos
rstuction ks Tlushad® fromn the plpelne whils e new instruction ks Deing febdhed and then sxeculss
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323 HITRUCTIONS IN PROGRAM
MERICHRY

The= program memony 15 sddnegsed In yl=s. irsiuc-
Fons ans siored a5 bwo bybes or four bytes In program
memory. The Least Significant Syde of an Instrucion
weord 1z aways sloned In 3 program memory ooation
wilh am even address (LED = o)L To mainiain algnment
wilh Instrecfon boundaries, The P Incremenss in sisps
o 2 and the LSo wil akvays resd o {zee Saotion 5.1.1
SPregram Couriart).

Figure 5-& shoars an example of fow Insirucion words
ane siored In #he program memany.

FIGURE 5-4:

The carc and @ord Insiruchons hase e sbsolube
prograr mermory address embedded inbo e irstnuc-
Hon. Ence irstructions ans sways siorsd on wond
bourdaries, the dsin contained in the Insfecfion Is &
word addr=ss. T wond address 15 wrillen o PC<20:1=,
which accegses the desired byl sddress In pogram
memory. Instnucon £2 In Figurs 54 shows how The
IFsuciion, =770 0004k, kB enooded In e pogram
memory. Program branch Inslruchions, which encode a
nejative addn=gs ofTset, operabe In 1Fe same manner. The
oftzad value siored Ina branch Insiruction represenls e
number of singl=~wond Insfruciions. Tat the FCowill e
ol oy Seckiom 28.0 “ncirusilon Sst Surmenmane®
provides further delalls of th= Instruclion s=t

INSTRUCTIONS 1N PROGRAM MEMORY

Frogan Manory
Byt Locw¥crm —-

| retrues®en 1 MITLK Rk
| reatrusien & [ruyni] =13kh

IrelrusSen 5 NI RF

133k, 4GSk

Facid ASSrmEa
LES = L Ll = [ +
LCLEIDEH
10 i peed )]
LICLEIDE
LCLEIDE
k= S2h [ i ]
EFh L LRIDCE T
U= R s i
Zh h [RIOCEN
e b = =211 LIC LAl 110
LCLEI 1R
OoEl14h

s TWCO-WORD INETRUCTIONS

The standand FICTE Insirucion set has four tworwond
nsinsciions CALL, MOWFF, SOTC and 1oFr In ol
cases, the seoond wond of the Insfructions alsays has
1111" as ks four Kost Sigriicant biks; the cther 12 bis
ar= [Raral dafa, wsualy adafa memory Sddness.

The use of “1111° In th= 4 ASbs of an Iestrucion
specHes & special form of Kor B the Rstruchon s
sgmcyled In proper ssgqusnce mmedatsy ahasr e
st wond, the dats In the seoond wond i accessed and

EX&MPLE 5-4: TWO-WORD INSTRUCTIONS

used by the Instnaciion sequence i the Arsd wond Is
skipped dor some reason and the second word I
execubed by Nsef, & BoP I3 execuled nsisad. This Is
necessary Tor cases whern 1he teo-word Instruciion s
preceded by a condBanal Insfruction that changes he
PC. Example 5~ shows how This works.

Hoks:  Ses Escflon 6.5 SFrogram Memory and
the Exisnded Inctruchon Ssi® o
Irformation on tec-mord Inslrucion in the
extended mstrucon set

CAZE1:

| Oibyjecd Code Eowos Code

0113 03110 3903 DOod TaTFEE EESL : im FRM lecwtism 07

1149 ODOLl 4910 DO1l | MOVER EES1, BEGI ; Bo, skip this wexd
1111 S0Q 9143 ©plld ; Exacwts cthir wozd aw s NOF
001d o100 A993 pO0d | ADCME LEST ; ceotirus cods

CAZED:

bt Codm Sowos Code

0114 0110 4d%> pOood | TEIFSD EEG1 : im BRM locwtiom O7
1144 200l 99310 0Oll | MOSFFR EES1l, BEGI : Taw, axmcuts this wacd
1111 o100 9191 Dplld : 3nd ward cf inserustiom
001d 0100 d930 pO0d | KODKF LRG3 ! ceotirus cada

09308 D-page B2
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FIGURE 5-5: DATA MEMORY MAP FOR FICT1SF2455/2550V4455/4550 DEVICES
—— Daka Memary Map ok B
The BER 5 lgrored and the
R oo Y— EEEE . Ao Elaf'r: 5 wmed
1 Barkll @ — — — — - EEJh The Trsl 3% bytes e
=Fn GFR oEEn gEreral purooss RAM
- oon 100h % {from Bark 00,
Eank 1 GFR "._ The remalning 160 byl=s am
=Fh 1FFR ! Soecial FuncHom Reglsbers
-1 i1 4] 200n 4 Trom Eank 1]
t——+ Eark: GER |
z=s, pEn \ o
S _ 0o 310h The ESR spedies fhe bank
+————+ Eark: GER uzad by the Instnaction.
FFh IFFh
- oon 400h
jmates . Earkd apeil
FFh 4FFn )
- i1 I 1 | =00n
+—— & Eark:s apsilt
=Fh EFFh '\
- 110 0On E0dh b1
t——  BarkE apgiil !
zz4 EF=n 1 AoDeGE Eank
— oan 700R s ach
————+ Eark7 apgril V| Acoess RAM Low -
FFh "E';- [scoess RAR High 50h
[ifi g i (SFAs) FFh
-1
1 Eark = !
rusad )
o R=ad Az 000 J
e Eark 14
==-, EFFT
=1111 an Umused :_;-E_I' !
L " Barkis [ — T — 1 o2
— EFR FEdh |
=Fn FFFh

Hols 1: Trese banks also ssnes 3z FAR oufer for USE cperation. S== Esotlon §.3.1 SUEE RAKF for mors
riormation

. ______________________________________________________________________________________________________}
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FIGURE 3-5:

USE OF THE BAHE SELECT REGISTER |DIRECT ADDRESSING)

. gl . Dtz Mamory Fron CpezgaHl
T il L5 ] = T il
[elefalafefafafa] e L2l 2fe] 2222 ]2]
o e
. |a-|- _ r . - ;
Bk Swbacd | aape Ffh ]
a00= e ————
S
Broog®
IR Bankiz T
ot iy
Eark 14 -
Fon phek
Bk 1%
FFF= FFh
Mote 1! Tha Botedm HAM Il of 150 indlicslon San b= uisd B eite 65 crmmide of 150 selschsd Bane (BRI Ca) 1S
ha sginlaiscl T &Hiceam Eash
2. Tha BOYFT DrorucSon enseds T erdon 12-50 4 ckd e in T modnecl on
533 ACCESS BANE howeysr, the Irstuchion Iz fonosd by use the Aocess

Winlle T use of the BSS, with an emtedded B-bE
aidress, aliows wsers 1o address e enline range of
dala memory, K also means st the user musst alvays
ensure hat the comect bank k& sejecied Oiheraize
diala may be r=xd from or writken bo the wrong locadon
This can b= dlsasinows Fa GFF I ihe Imended tanget
of an onersfion bt an SFR k& wiilien G0 Inskead
‘erifying andior changing the ESR for sach resd or
wrile o cala memory can beoome wery Ineficlent

To sreamline access for the most commonly weed data
mEmory lacations:, the dafa memory kB comligured wit
an Access Bank, which alows users b aoosss &
mapped block of memory wihout speciylng a BES
The S&cress Bank consisis of e fest 95 bydes of
memory (D0h-SFh) In Eank 0 and Te last 160 byles of
memory {53 FFh) In Elock 15, The Iower half | Enown
a5 fhe “Scoess RAMT and | composed of GFRS. The
wpper hat s wherne the devics's SFRs ar= mepped
These two amys ane mappsd configuously In fhe
Aoc=gs Bank and can be sddressed in a linear fashlon
by an B-bE addmess {Figuns S-5)

The Access Bank ks wsed by core PRC1E Insiruclions
that Inchode the SAccess R&M bt {ihe ‘2 parameizr o
the insTuction) 'When 'y Is egual fo "1, e Irestrucon
uses ne BSR and the B-bit address indudssd In T
opoode for fhe daly memory sddress. Ahen 2’ ks 0

Eank acdress mam Fe oreni vale of the 558 kb
ignoned =rhnly.

Lizsing this Toroed" sddressing alioas e irsruchion 1o
omerafe on A dats address & single cpoie wihout
umsiaticg the ESA Trel. For 8-bh addresses of 630 and
Amee s mears fhal vsers can svalalke and operaks
o SFRs more sMcenthy The Acoess FAM below E0h
I & poind place for doia values that the user might reed
lo aco=ss rapidh such &% Immedale compuistonal
resulis or common program eariables, Access RAR
also alows for faster and more code e Mclend comewl
saving ard swhching of warables.

The mrapping of the Acoass Bark |5 sighdy diferant
wher e exiendss istructon set s enanied (EINST
Cordigurafon ot = 1. TRis Is discussed In mone Setal
r Z=ction E23 “Mappirg the Socsss Bank In
Indmxed LHaral Cifcet Mods!

534 GERERAL PURPOSE
REGISTER FILE

FIC18 dewlces may hase banked memaory In the GFR
area. This Is data BAM which s avaliabls for use by al
Insructions. GPR:s stad at e bollom of Bark 0
[addm=ss J00h} and grow wpeands bowards the bofom
of the SFR area. GPRs ae mot nialized by 2
Power-om Reset and are unchanged om &l olher
R=seis.

DT Wicech p Tachisokegy e
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10,0 WD PORTS

Cepencing on the desice seleded and fealures

enanied, there are up by Sy ports aealabie. Some oins

of the ' pors are mubplexed wiih an allemate

funcion from She peripheral fegbores on the device. In

general, when a peripheral s enasied, that pin may not

b used a5 & general purpose 172 pin.

Each port has three regishers for B opesation. Thess

reglshers sne

* TRIS regisier {data direclion regisier)

+ PORT regisler {reads the lese=ls onthe plrs of the
device]

* AT neglster [outpuf laich]

The Cala Lakch reglsier (LSTA) Is useful for read-

modify-mrli= operabons on fhe walue drisen by e 11O

pirs.

A simpifi=d model of a generc 171D port, wfhout 5

riierizoes o oiher periphemls, = shown In Aigure 10-1

FIGUIRE 10-1: GEMNERIC WD PORTY
OPERATION
RO LAY
ain )
Eim o o
VR LAT =T w0 pirdll
o POIET E_L
Dinin Ladch
l—lo o
ANETRIZ K W
TRES Laizh
[ o
ROTRE I
I -_ =] =) —
H
ED PORT [ —l
Heds 4@ WD plvin e S o prodeciiza iz oo ana e

10,1 PORTA, TRISA and LATA Reglstara

FORTA b an &-bit wide, idirectional port. The come-
snonding dala dirsciion regisiers 15 TRESA. Sating &
TRIESA DE = 1} wil maks fhe comespording FORTA pin
an Inget {Le., pul the comesponcing outpul driver Ina
high-impesfance mode) Cleatrg a TRIBA bt (= o) w
make e corresponding PSR TA pin an owipul {Le., ook
the contenis of the cutput laich on e seiecied pin).

DT Wissech p Tachsskegy e

Rexdlng the PORTA reglsier reads the siates of the
pins; wrilieg 1o b wll wriks to the port faich.

The Data Lalch regisber (LATA) 15 also memory
mapped. Resd-modEy-wrile operations o ihe LATA
regisier read and wrils the lsiched output value for
PORTA.

The RA pin s mulliplered wih the Timeld module
dock input bz become the RAGTICE] pin. The RAE oin
s mrestiiplen=d wilh fhe main oscllialor pie; | Is enabled
as an oschlsbor or P2 pin oy the sejsclion of the main
osdlaior In Configurafon  Reglsker 1H  (ses
Sagtion 2E1 “Corfiguwaton E8 1or d=fals|. When
nof used as a port pin, RAS and iz associaled TRIG
and LAT bfs are resd as 'o"

R4 ks alzo ruitipl=xsd witn the \USE moduls; [Esenses
az @ recsteer input from an sxternal USES dansoshoer,
For detalls on configursion of the USE module, se=
Saobion 17.2 “ULE Stabss and Coedrol®.

Eapersl FORTA, mins are mulliplesed wilh anaiog mputs,
= analog Veor= and Y- Inputs and the comparalor
volage reference oulpul The cperalion of pinz RAS
and RASRAD ax AT coneerer mpuls b5 sEleched oy
de=aring’s=fng the conirol bils In e ADCOMA reglsier
[(AD Conirol Register 1)

Hobs:  On & Fowesr-on Resel GAS and RAZRAD
ar= confgured as aralag Inputs and read

&5 7", RAd s comfigured a5 & dighal input.

Preliminary

Ajl other PORTA. pins hase TTL Ingf leesis and Tul
CAMDE gulput drivers.

The TRISA register confrols fhe direcion of he RA
pins, even when they ane bising wsed as anaiog inputs.
The user must ensure the bis In the TRESA register are
maimainsd = when using them az anaicg Inputs.

EXAMPLE 10-1:  INITLALIZING PORTA

CLEF FONTA  ; Initisldice RINTA by
: Tleardray cunpue

; daks latches
 Alcszmats mathod

1 te slear cutpus

1 daka latcher

ZLETF LATA

EOWlN [Fh ; tonfigurs AT

EYaMF  ADCONL ; for digleal dopote
Ef1H [Th : Configuors comparatoTE
ERHF OECOH : for digikal dopuot

[_ ek ] [ - ] ; Walos wasd Do

; indtislizs dats

; dlesskion

: Ewt BAcd D mr dnpota
1 BR<E 4 am ootpota

FEWMF  TRLEA

DEASE A e 118
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TASLE10-1: PORTA IND SUMMARY
Pin Fumeten iy o 10 Tyea Dogmetipiien
mallirg
LETINL HaAL ¢ Lo i LHC LA T A= Sl ooloul] S5t aPached by aselsg iSpl
1 L] 'L PR LA S0l =pei] Sl e sl i oy sl dimbad
LY e 1 L] AME AL inpait Shmnnal U end Do piaslsr O Inpal. Deibail® el oo falka=
o (0D b el e Sl aulpet
HA LAMT HA! 1 QT CHC LATA 1 St odliil; 2ol aPached by acalsg =gl
1 L] L) PURTEC T Sl =gl ieads T on IROR
C1EN 1 L] AME AL inpat Shmnnal 1 end Do pias e O00- Inpal. Derbail® o=l oo falka=
o IO chaeen el et Sl oulpest
HAAMIY HAZ 1 L Ky CHC LATA 2 St odlodl; Sl aPached by etalsg Fpal Dhalied shas
YEEF-TUWAEF CeAEF cufpal armabiad
1 L] L) PUR LA Sl 1=pei] Dl el selen® o rmmkog) U retia=s srmlbisd
chiwal ol wiwmn D REF culpa] armbed
1 o) 1 L] AME AL sl Shmsrml 2 and Consaraien OO0 inpol Dalaul! cos)guiatia=
on O, el afecsd by armbog St
YRR 1 L] AME AL and Saripan’ valige felenescm kow inpail
L¥REF ® Lo i AME Ciam pasalsr sollage rfaienss Sfpul Ermbing S ealuse Seatas
i gl 0
HAZAAM Y HAd ¢ Lo i LHC LATAA e St ol oul] 5ol aPachd Lrp aselsg 1Sl
R 1 [ TTL | PORTAS: dat gl Smabied whe aimisg i il
] o] L] AR AL sl shmsrml T and Consaraken O ingal Dalaul! co=)guiatia=
£ IS0
WREF 1 L] AME AL and Samipane’ valige felere=ce ligh |hjpl
HAATDCER HAS ¢ Lo i LHC LATAx&r St poloul] 5ol aPFachd Ly aselsg =gl
R 1 i 51 | PORTAS & dam i5pul Salied whes ain kg nodambad
TOZEl 1 L] 51 TiE el Sl Sl
fo [ )| 4 Lol iy MG Campmetalad 1 oulal b Skilly csnf poil ik
R x L] L) Exlsmal USH Fessceser ROV Ingul
RS aNaSE Has I [= I BiG | LATA S duts ootsut; =staPachd by m=wlsg iSpa
LN LA 1 14 TTL | PORTA S it b Smalied st armisg ik 4l
LY e 1 L] AME AL inpat Shmnnal 4 Defacl ssmiguralon an PUR
) 1 ™ TIL | St soomet gl e S5 RSS mese)
FLYLDHM 1 L] AME High'Loee-v'a kg Dbt exder=al i 2=l ingal
ST 4 Lol I LG Cammesalsr 2 oulsl, bl Skaills csnd poil ik
Fa el m 1] L ® Lo i AME Wi cees haler ety oclpar conresSen (gl X1 ard HE modes)
Hag LR = L= Ry LHC St cyde oSk aulped [FOS5LE | svalabe n EC ECPLL &=3
IR CEL) e
Ha" ¢ Lo i LHC LATA«Er 2@t oolsul Sealmle Sy n B E0M0 ard IKTID
recdes ol fenewine, raads a0
1 L] L) PURTECE. Sifs 1Sl Sealale oSk 15 5010, ECPOand IMTHS
recdes, olfeewiee, reacs a0

Lageind DUT = Caglal | = Inful, AMS = Simicd Sgoal D0 = Digil Oatgcl 51 = S2hm R Buler 155
TTL = TTL Bufed Inpal. = = Don | Sane | TS B Soes il alfec] St SSaddia® o B SvaiidlEen Mod Uil aplias)

D939E Dpage 112

Freliminary
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1.2 PORTH, TRISE and LATE
Reglztars

FOSTE s an B-bE wide, bidrectional port. The: Come-
sponding data direction register s TRIES, Sa8ing &
TRIEE bit (= 1} willl maks e comesponcing PORTE
oin an mput (Le., put the cormesponding oulput driver In
a high-impedance mode), Chearing a TRESE bl (= a)
will ke the conresponding FORTE pin an cuipud ...,
pisk T comisnis of the culput =chon the ssieched pin].

The Cela Laich megisisr (LATH) I also msmary
mapped. Read-modfy-wmriie operadons on the LATE
regisher read and wrbe ine lakched oulput sakes for
FORTE.

Eachi of e FORTE pies has a wesk Imiernal paeibus &
singl® confrol Bk can furn on all e pul-ups. This Is
cerfommied by cl=aring bE, FEPU [INTOOM2<T=], The
weak pullun s aviomaticaly tumeed off when e Dot
oin Iz comfigured 25 am oupul. The pul-ups ars
dizabled on & Powser-on Reget

The mbemupt-cn-change f=ature Iz recommendsd for
wake-up on key depression operafion and operaions
whem FOSTE & only used Tor e inderusi-on-change
fexiure= Follng of FOSETHE I not recommended whiie
using e mbemopt-on-change fsahune,

Pinz, REZ and REZ, are mullpkees: wEh fhe UES
perioheral and serve as he derental signal cwipuis
for an evterral USE jransceiver [TRES: comigumalion).
Fefer o Saabion 17.2.2.F “Exfismal Trancosiver? for
additioral information on corfigering the USE moduie
for opera@on with am exbemal ransoefeer,

RBL = mulpkexsd whin CSSFP, Th= chip ssiect
function fior the Sreaming Paryils Fort (5PP] — TRES
saiting Delals of B operabon @re disoessed n
Eecklon 180 “Elrazming FParalisd Pord™

EAMPLE 10-2. IMITIALITING PORTES

Mods: D0 o3 Poweror Saset SES4RE0 are

oorflgursd as analog mpuls Dy defaul and
r=3d as “a°; RET-RBS ar= configured as
lgital Inpuls.
By programming the Confligurabdon bBE
FEADEM [COMTIGIH=1>], RE4:RBD wil
aliermafsely be conlgured as dighal Inpuls:
on PORL

Four of fthe PORTE pins (RET:REd) hays an Inbemupt-
on-change Teyture. Only pins configuned as Inputs can
cause this Inferrupt o ocour. Any RETRE4 pin
comigured &5 an output Is exciuded Tom e indemups-
or-change comparigon. The plrs ane compansd wiin
e old value lalched on the kst read of PORTE. The
“mizralch” oupuls of RETRE4 ane CRed logeihier o
penerale e RE Pori Changs Imierrupd with Sag b,
FEIF (MTTON =0,

The Imi=rrupi-on-changs can = used o wake the
devios from Slsep. The user, i the Inkemept Serdice
Foutine, can clear S inlemeptin the folosing ranner:

&l Any read or wrile of FOSTE (sxcept with the

BOVFF (AT, FOOTE Insinucion]. This wil
=nd e misreich comdHion.

o1 Cl=ar fap ol REIE

A mismeakch condBon will confinue bo st Tlag oit, REIF.
Reading FOSTE will and the mismaich condion and
asllowy fizg bR, RBIF, 10 be deansd.

D8 INETI0Eage 14

LAF FOATE ; Imitialize FORTE By

1 wleazdng sumpus
1 daka latcham

;1 Alcsrnats mathod
1 b Tleaz sumpuk
; daka latchaw

EWLE [Eh ; Sen ME<&. D> am
FOWMF ADCONL , digdtal [0 pinm
1 Iregquicsd L candig hic
; FEALIRE ir awt|
ETWLE [P : Yalus ursd to
;1 dpdtislizs datw
1 Slesction
EWWF  TRIER ; Ewt FE<1. 0> xm Lnputa

; ERch.d> aa curputa

Preliminary

r AEcTfe aa Loputs

DD WEsechip Teshnskegy e
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TASLE10-3 PORTE IO SUMMARY [CONTINUELD)
Fin Furslien i ] L Tppsa Demsniplen
Sartting
HE&RER HE= % LT ] LATH<E> S&% dolput
A 1 o TTL | PORTHe it Sl weik gulbop when REPD Bl i casad
EE2 1 M oL hirup e n-pin e
L ® M -1 Sert | enasulian | FEEIT™) sk Inpul fad I5EN ard 100D :ﬂ-illl-"""
HERES HE/ 4 LT G LA« e 3@ golpiit
A 1 M TTL | PONTEST St ispal, sk filop sfien REPL LW b cesed
KEZX 1 M TTL heinug - n dsege
(L i] = OuT o Surta | toasitien St aulpe 150 IS and KE D sgeiasen 1Y
M 9] Skl ecaciticn St inpol for 155 esd ICD aperation M

Lagend U1 -U-.ll:.!.l._IH-Ill:q.l._ AME = Brmieg Sgtal DG = Digisl Outpal 1 = Shm B Bufer 1=l
LENE s SN St Efel, TTL = TIL BoPad Ingl, x = CasTSan | TR Bl déa el aPel? 0 disdian &F B

St tbien Mo Ih aplsi=)

Kuale 1 L=l guialas Sn POR @ deleimid=ed Sy TS DERN Conl gusalon BE P ans ooifigured as amikg nsus wian
PHaDEYN (& fel arsd Jig bl nsus wfan MSADER b cladnsd

= SEsimile P s it i OO0 wieas COVCRE = ], Deliul asskg=me=] @ =51

(e

4 LN -1 1 e e Gl

TESLE 10-4: SUMMARY OF REGISTERS ASS0CIATED WITH PORTE

&l ofer S Undkss G dEaSed whan [DE2E™ of 100 aptalio® @ ermbied

Gl

Hama ENT Blta BItE E=4 Bit 2 EIt 2 =1 EfD | wvalusc

on pags
POETE 527 REE EES BB mE3 RE:Z BE1 520 £l
LATE LATET LATES _AmeE | LaTed | LamB3 | LaTER | LaTeq | LaTED cL
TRISE TaEEy | TR=Rs | TRiEEs | TRISSd | TRse: | TRIE=? | TRISSH | TRISsD £l
INTCOR GIENGIES | PEIEAGIEL | TMRDIE | IKTOIE s2lE | TMROIF | wToiF SEIF £
INTCORGE WEFD | INTEDGO [IMTEDGH | INTEDGZ _ TRRIIF — REF 51
INTCORE NTZP NTIF — NTZE MT1E — THF | mTIE 51
ADCOMN1 — — worsd | versa | pomaz | Porsz | BoRGd | PoRGO £z
srecont! — — — — — —  |=Pprowm| =PEEN g
srecrell | CLKDREY | ciMorEn | oREN | cimaEM | wsa ez Wi WSl ]
UCON — FPERST | =20 FHTDIS | USEEN |RESUME | BUSEND — g

Leagend. — = unimpi=merk=d, resd a5 ‘0’ Shaded cals are rol used oy FORTE.

Miofs 10 Thess reglsiers are unimplermemies on 25-pin devices.

O8IERIOpags 118

Freliminary
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TASLE1-X PORTE IO SUMMARY (CONTIMUELD)

Fin Furtien !-:Il:I:n L qu] LM Typpsa Demcripiien
HEAREY HEZ 5 (=11 pie i} LATH=E- difl aalpil
A 1 M TTL | PORTE 8 St ispal ik gmilcp when REPL D b Gesesd
EEZ 1 M oL hairugan-gn dEgge
| e ® M -1 Serm | e sulian {FCE™) closh inpll M 1SN ard 1C0 4:|.-|-.|Il.l-"Jll
HETHEX RE? 5 DU b i} LATEHT= difl galpil
o 1 M TIL | PORTET= St ispal sk pllap shin REPU Ll b cessd
EEE 1 M oL hairuger-en doigge
(L i = ouUT oiE Surta | oacilien St aulie® 15 S and KD sgeraten 'Y
M =1 Surti | eoaciticn St |hpol fof 1550 @sd E 0 aseraten
Lagesnd U7 = Do, |M = Insl, AMS = &g Sgsal, DG = Digiel Cutpol, 51 = Schme R Bufer 15peal
I'?L'.':NI:EI I:q'_'."'_.lull:il.ul-p.i'. el TTL = TTL BoPad Ingul, = = DasT am | TGS D] dee resl ol g dasdian &F B
Swidtikden for Lhim aplios)
Rale 1 Dol guialas sn POR @ deleiml=ed) By 1R DER Canl guslon S P i ceifiguied is dmkog nss wian

PHADEY (& 8ol arsd dig bl inzus wisn FEBADER B claaned
= SEpmale S assd e nt o CUP wies DUV ORE = . Deladl assigemre=] @ =00
Sl aTed PSS dnh O Shad wiwan ILEPT™ of o0 SEfalns E eimabied
LS AN e e by

e

TESLE10-4. SUMMARY OF REGIETERS ASSOCIATED 'WITH PORTE

Racet
Hams EHT Elt 8 BIE & En 4 [=]] ] Bl 2 2R 1 EHD YValuag
on pags
PORTH RET REE RES RB& RIB3 REZ RE1 20 o
LATE LATET LATES LATHS LETE LATHZ LATEZ LATEA LETED Ea
TRISE TRISET TREB: | TRISBS | TRIGE4 | TRIEES | TRIEE2 | TRISEd | TRISED 4
INTCION GIEAGIEH | FEIEGIEL | TMRIOIE KTOE SEIE TRREIF NTOIF SBIF 51
INTCORE FERT NMTEDGD |INTEDG | INTEDGZ — THRIIF — REF g1
IHTCORE. TP HTIF — TZE HTIE — T2F MNTAIE 4]
ADTOM — — WOFG WCFED | PCRGE2 | POFGEZ | FOFE | PCRGED g2
sreconl — _ — — —_ —  |=Prowm| sPREN ]
SEECFENN | CLEKCFGE | CLECFGE0 | CEEN CLEKEN WSl VBT WEA1 Wad ES
LICOM — FPERST SED FETOIS | UWSBEM | RESLUME | SLSFRD — ]
Legend: — = unimolemenked, resd as ‘0" Shaded osls ars nol used oy FORTE.

Mots 10 Thess regisiers ars unimplemeEmad on Z5-pin devices,

DEINESID-Eage 118 Preliminary o T Missehip Tazinsiegy I
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21.0 10-BIT ANALOG-TO-DIGITAL
CONMVERTER (AD) MODULE

T Smabug-io-Digal corEtEr moduls has
10 ppuis for the 25-pin desices and 13 for e
4isd-pin devices. This module aliows: Cconversion of an
anaiog Inset signal 1o a coresponding 10-bt Cipty
FLMmer

A

Tree moiduls Fas Tve reglslen

* AT Rasult High Register (ADREESH)
* A0 Result Low Register (ADRESL)
* &TD Control Reglst=r 0 {(ADTOND]

* &TD Control Reglster 1 (ADTONT]

* A&TD Control Reglster 2 {ADTOND]

The ADSOHD reglsier, shown B Regisher 241,
onimis e operadon of She AT moduls The
MDA regisier, shown i Regisher 21-2, configun=s
1= funclions of e port pins. The ADDOM2 regisher,
shown In Regisier 21-3, configurss. $he AD clock
source, programemed acoulsEon Sme 2nd JusSTicadion.

REGISTER 21-1: ADCOND: A'D CONTROL REGISTER O
-1 U-g -0 RAN-O RW-C RW-0 RA-D RaN-0
— — CHE3 CHE2 CHE1 CHED SCVTHOMNE ADTH
ol 7 ot d
Lesgend:
R = Saadanie= il &) = skl bR U = UnimpieEmenied b, ness as 0
-n = Value at POR 1" w Eit b5 2t 0" = BH Iz ceaned ¥ = BE Iz unknown

bt 7-5

Wls-2

Unimplsmasnbsd: Fead s

CHE3:.CHED: Araleg Chanrel Select bl
poon = Charrel O (ANT)]
pool = Chamme] 9 (AN ]
poL0 = CGharnel 2 (A2
poll = Charrel 3 (AN3)
pioo = Sharme] 4 (AkE]
r101 = Charpal S (AN
p110 = Charrel & (aME
11l = Chamne] 7 ANT LT
1000 = Shamme] S (AME]
1001 = CGharrel 3 (ANS)
1010 = Charre] 10 [(AN1D]
1011 = Shamme] 41 (ARHAT
1100 = Charpe] 12 (AM12]
1101 = Unimplemengedi?!
1110 = Unimpiemenged!
1111 = Uinmpiemengegi?!

QOVDOME: AD Corversion Satus bR
Ahen ADON = 1

1 = AT DONWerSion In progress

o = AT Idie

ADTH: AD Tin BR

1 = AT converisr module 5 erabless

o= AT Converisr module s disabled

oit1

it

Hols 1:

These chanmeals ane nof Inplemeni=d on 28-pin devlces.

2 Perfomeing a convarsion on enirmplameried charnsis wil rabum 8 foating Input messurament

DGO Wisssch g Tach=sdagy I
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REGISTER 21-2: ADCONT: AT CONTROL REGISTER 1

U H RAN- v R0 Rl Rt R
— | — | wormo | wvorso | eorsz | Foraz FOFG FCAGD
bit7 bED
Lagand:
R = Readable ok W= Wrilable il U = Unimodemerbed o, read as T
- = s A FOS 1" = Bk I3 2t T = Bl Is cl=aned u = BK I5 unkrown
bit 7-€ Unimplamanbas: Se=ad a3 o
bit 5 VCFO0: Vokage Risference Cormfiguration bt (VEee- sourcs
1 = WREF- (AN
0=Es
bit2 WCFA0: Yokage Reference Comfiguration bit (vierr+ soumre)
1 = WRER [AME
0= Yoo
bt 30 FCFAE3:PCFE0: AD Fort Condigusation Control Dk
poras | Pl (2 sl e |2 B 5 sl a]l=]s
peFee | 2 [ 2 |F |2 |2 (2|2 |2 |2 |2 |2|3|=
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
opola A A A A A A A A A A A A A
o1l D A A A A A A A A A A A A
p1oa D ] A A A A A A A A A A A
010l D ] ju] A A A A A A A A A A
p11a ] =] ju =] A A A A & A A A A
c111ll| D o D o o A A A | & &l alal s
1004 ¥] [x] u] [x] ¥] [ A A A A A A A
1001 D [s] ju] [s] D [ 2] A & A A A A
1014 ] ] ju ] ] C ] ju & A A A A
1011 ] ] ju ] ] C ] ju ] A A A A
1104 ] ] ju ] ] C ] ju ] ] A A A
1101 ] ] ju ] ] C ] ju ] ] ] A A
1114 D ] ju] ] D C ] ju] ] ] ] ] A
1111 D ] ju] ] D C ] ju] ] ] ] ] ju]
A m Ansiog Input O = (DNgRal T

Hots 1. The FOR value of ke PCRG bils depencs on the vaue of the PEADEN Comfiguralicn bk When
FEADEN = 1, PCRG<3 10 m a0 00 wWinen PEADEN = 0, PCRG<30 m 2111
20 AME Mrough ANT are avallabie only on JIeEL-pin desioes.

nEINETIGpags 280 Freliminary o ICT Wieeclip Tachnskgy I
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The anakcg reference woilzges |3 softwane ssisclani= o
slherthe device's postee ard regalve supply wolage
Voo and ves) o the wolage |=sel on lhe
FAZANEREN= and RAZANEWREF-'\CVRER pins

The AD comreerter has & unlgue T=afure of Deing able
o operale wnlle e desice B In Sistp mode. T
operale i Skeep, e AT conwversion clock must be
deeriviedd Trom fhe ATDs Intennal BT cesclilaion

The culpud of the samoie and kold |s e Fpul Bhe the
conserer, which gensraiss fhe resul via soocesshe

A gheyioe Reet fonoss. all pegishers io thelr Reset siate.
This forces the AT module S0 be omed oF and any
corversion In progress. |5 atorisd.

Each port pin associaled whin the AD correerber can be
corfigured 25 an anakog Inpet or as a clgial B3, The
ADRESH and ADSESL neglslers comain the resul of
the AT corseersion. When the AT comeersion & oom-
phebe, the resuf s loaced Imic The ADSESHSDREEL
regisi=r pelr, the GCIDOAE Dil (ACEC0MD regish=r) Is
deared ard AT Inkemupt Fiag B, ADIF, 15 522 The
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o Figur= -1,
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LM7a8XX/LM78XXA

Featuraa
B Cufpul Currenilup 1o 14

B Thamal Overicad Prodection
W 3norl Circulk Prodeciion

B Cutpulsoliages of 5,8, 5, 0,10, 12, 15,18, 24

B Cufpul Trrsisior Safe Dperaling Arsa Profeclion

3-Terminal 1A Positive Voltage Regulator

Manch 2020E

Geaneral Descripticn

Tha LMTEH saries of thrss bamminal positive rgulaions
are avallabk In 1he TO-220 package and wih sevarl
fosd cutpul volages, making Hem usshd oo wids
mangs of applicalions. Each byps employs inlernal cument
limiing, Hharmal shul down and safe cperating area pro-
tection, making I essertially indestruciibe. H adequabs
haat sinking ks provided, They can dalvar ovar 18 cuiput
ourrert. Ahough designed primarly as fied volags
reguilators, hese devioss can bs uzed wih sxlemal com-
pornents b oblain adjusiabk wkages and cumanis.

Crrdering Infarmation

Froduct Humber Qutput Valkage Tolerance

Package

Dpsrating Tamperaturs

LMTBOSCT
LMTBECT
LMTROCT
LM TBCT
LM7BACCT
LMTBA2CT
LMTBIECT
LMTBASCT
LMTHI4CT

=A%

LMTBOSACT
LMTRIEACT
LMTBEOZACT
LMTBIRACT
LMTEI0ACT
LMTBIZACT
LMTEISACT
LMTBISACT
LMTEI4ACT

%

TCuzZ20
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Block Diagram

Inpul Sarlas Pass Cuiput
[ Elemeni Q
I | :
Cument S04
Gararabo Prafection £
| ] 1
Etulr? | | Rulersncs Emar
i ¥ otiaga fler
Themial 3
Frofacion
MO
& )
2
Flgues 1.
Pin Assignment
Touga
1. Input
i 2. END
3. Culput
Flgurs 2.

Absolute Maximum Ratings

Absolubs muxirmum ralings ars these vakues bsyond which damage 1o e device may cocur. The datashest
specfcatiors shoud b med, wkhout exosphion, bo ansurs that the sysham design b relable cver He powsr supply,
temperaione, and cutpul'inputlosdng vanables. Farchld does not recommend cparation oulside daashest

specioations.
Hymbol Parameler alua unn
m gl voliags Ng =5V 1 18Y 36 v
Vg =24 an v
P Trermal Rasktara Junction Cases [TO-220) 5 T
Ram Thermal Rasishnca Juncton-&lr TOEE0) &5 AN
Toen Qpeming Tempariura L W70 A0t0 4135 'c
Fargs LMTEa Oto +125
Tera Etorags Tempamios Farga 85 to +150 C
2 sy i ol e Looan

LI TR LMTEREA R 1.0
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Electrical Characteristics (LMTE05]
Fefar 1 e best drouls, -407C = T, = 125°C, |5, = S00MA, ) = 104, C, = 0.1 uF, uriess otrenviss spadified,

symbol Farametar Condltions Min. | Typ. | Max. | unit
Vo | Cuputioiiags T, =+25"C 45 5.0 5.2 W
EmA LIS 14, Po s 13W, 475 5.0 535
W= TV o B0
Aagine |Line Aeguitor! T =+25°C |¥g =7 ho 25V - 4.0 100 m
W =B o 12V - 1.8 E0.0
Asgioad |Load Reguiaton] Ty=+25°C [lg=Emabs1.54 - 0.0 100 m
I = ZE0mA bo FE0ma, - 4.0 00
g |Quescent Cumsrt T, =+25"C - 5.0 a0 ma,
il,  [Quescent Cumert Change | Io=Ema o 14 - .03 oE ma,
Y= T o 25V - 0.3 1.3
AVJAT |Dutput Yatiage Crat Io=Sm& - .8 - | muec
¥y | OuputHokss volage 1= 10Hz b 100KHE, Ty = <2570 - FERY - |y
RE  |Fippla Fafadiond ] 1= 120HZ, ¥y = BV b2 18Y 820 | 70 - dE
Voeop | Dropoul Wollage Io= 18, T, = +35°C - 2.0 - W
fo | Output Aesismnce™ 1= 1kHe - 15.0 - e
lgz | Shart Circul Cument W)= 35V, Ty = +25'C - aag - ma
I |Paak Currand=! T, =+35"C - 2.1 - A

Fdolms:

1. Load and line raguiedion ars spechlsd ol conslant junclion tempsrabirs. Changss in ', dus b heatinegd efscls must
ba fakan info acocunt separatel. Pulse fsstng with low duby s used

2 These paramelens, athough guanntsad, are rok 10075 bested In producion

L2 e L s, Ry, 1.0

sy §n il meern Looan
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Electrical Characteristics (LMTB05A) iconirued)
Fiafar 1o e lusk droule, 000 = T, < 125G, | = 14, ¥, = 0%, C; = D.33UF, Cpy = 0RF, urless cthensise spacfied.

Symbol Parametar Condltlons Min. | Typ. | Maz. | UnH
Vo | Dutput olage T, = +25'C 40 50 £ v
Iz = Ema b 14, Fo < 15W, 4.8 50 5.2
W) = TEN 1o 20N
FAegine | Line Ragulatior = W) = TN 1o 25, | = 500ma, - EC0 | =0 m
W) = BY bo A2 - 30 | =0
Ty = 4250 W= T3 b S0V - T
W) = B T 12 - 15 | 250
Fegicad |Load Feguisioni ™ | T, =+25'C, | = SmA 1 1.54 - 0o 100 i
I =Ema o 14 - 0o 100
Iz = 50MA 42 TEOmA - 40 | =0
Iz |Quessent Cumert T, = 4250 - 50 &0 ma
iy,  [Dulescent Cumsnt I, = Ema o 14 - - 05 ma
Cranga W) = BY bo 25, |, = S00MA - - Y]
W = TEW 1o 20N, T, = +25°C - - Y]

AVSAT | Cutput Votlage CrAPEY (1o = Ema, - 4.8 - | e
Vy  [DutputHobs Vokage |1 e 10HE fo 100kHE, T, = +35'C - 109 - N,
RR  |Fippie Fejacion |1 =120HT, | = S00mA, ¥, = & 1o 127 - BE D - ]

Vpece | Cropout Wollags I =14, T = +25°C - a0 - v
o |Cuput Aesismnce® |1 a1Hz - 170 - mi
lgs | Short Choul Cument W)= 35% T, =+25'0 - a5 - ma
I | Paak Current™™ T, = 4250 - 2z - &

Folms:

10. Lead and line reguiation are speciled af corslant |unclion Temparature, ©hangss in %, dus b heating afecs must

ba Taken inlo acoounl separabsly. Fulta Tashng wih low duby |5 ussd
20, Thas= paramaters, athough guarantsad, ara not 100% besled In production.

LA LW 0, R 1.0

12
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Typical Performancs Characteristics §
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Typical Applications
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Mechanical Dimensions
Cimeraions in milmoters

% haon

@j—::

-t HR
AV’.-

1o1inBay ebeyop eAlusOd Vi [BUULUS]-E WXXBIN VX X8

IS
-

———— W

) —=

>

ge
_L.}_.
s’s

T D) LOCATION OF Thil PN HOLF NAY VARY
r DLOWER LEFT CORNER, LOWER CENTENR
AND GENTEN OF THE PACRACE )
Mmmvmnmmm
£ AT SIVENBIOMS RE PRESENT LiKe 8510w
SINULE GALGE =00 e 0l

G ORAWING LT NAME : 3022000001 V6

LM7BX0ULMTENXA Rov. 1.0



112

APPENDIX C

JHD162A Series Datasheet



JHD162A SERIES
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Takds 12. AC Characlerislics (Vgg = 4.5% - 5.5%, Ta = -30 - +85°C)
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Wi Chi FBclEfis e Symbaol Mhin. Miis. Linit

E Cycle Time i 800
E Figin | Fall Tirs Il 20
& Pulsa ‘Widsh {High, Low} 2] 230

(Hw:lgifm R and RS Satup Teme Bl 40 i
AW and RS Holl Timd Kays i0
Datn Sedup Time T L1
Daia Hold Timss L] i0
E Cycie Time = 500
E Risa ! Fall Time b ts a0
E Pulsa Width (High, Low} B 230

I:HH'HT:F“:?I (FW and RS Satup Tine sy 40 1y
R and RS Hald Tima Iy 10
Data Cutput Delay Tims I 120
Diata Hold Times o 3 -

Takds 13. AC Charactesriibics (Vg =2.7V - 4.5V, Ta = -30 - -I-H"'Iﬂ
Moda Characierisiic Symibod Min. Max. | Unit

E Cycla Tima [ 1000 .
[E Rigna | Fall Tors Tuly - =
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Data Setup Teme su2 122 ]
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E Risa | Fall Tors (ERES s e
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OMRON
Solid-state Relay G3NA

A Wide Range of Models with 3- to 40-A
Output Currents and Up to
480-VACIZ00-VDC Output Violtages

W 4| mogels fealure iNe same compac: dmensans
ta provide @ untiorm mounting gz,

W Suli-in vanshor effecively sheorh extemal sunges.

W Operation Indicaior {red LED) enables manfioring
operabion
W Profective cover far greaner salsty

m Standard modsls 3pproved by ULICSA and -LTU
madels by VDE (TUV)

(€ WEFL

Crdering Information

FaaiEn Laig EraEs Indicalor Falesd oufizul el Fetad Inpul valage Fizdel
lunchon 1&pzliz et oot loed]

TRkt a o Ten 5 Al ) VAL CETETRTS GEMA-ZTEE
Flukecmapbal (10138 VA 1K) ko 120 VAL
1A o 245 VEE

Tleskel g AR ke VAT | R 2 VDG GENA-2108
Plesteconpai (e 30 VA AN b 125 MR
218 B 240 YL

155l 200 ko 45 VARG | S 24 VDS GENA-4 108
(180 b B3R VRS 0N B 20 VL

— 10 Al w250 VDG T GENA-LZI0E

o 220 WD K] B 24D VERL

Vlestet - 30 Al ke MO VAT | S VDS GENA-TI0E
Tarbsc nplai 10 IR VAL 0N B 120 VB
A B 240 VEL

ot Al 20 B 30 e LT R [ [
(180 B E2EVRCY A0 B 240 VR

Pwre AT A AL B D AT w24 VDG AN A-DE
Terbes apdat s 2 VAC] 0N B 120 MEL
0N o 240 WL

AD A R0 D HED VRS | Sm VDG GEMA-L40E
(0 b 538 VREY O B A R

A0 A @l 200 ko 4E0 VEGT | R 24 VDG GENALEIE

(D B BEE MR

Lo Ui IFcimmies unded 12 VAL, [Kaler o Sage 143§

Fizle:  Wte= cidaiing @ TUhapsiosed modal, add 0 T0" o Ta meedal remnibe’ ai ahoees Sl
Exmmish. GIME-IOE-LITLU



B Accessories (Order Separately)
Heat Sink Lerdiaznl Msdnla
T'hen P bmwingg Feira | sl b ara Hhon and 2an Be D k-t reocntsd
frsecs YEC BP0 Mcde! SApplicable 28
b Db for dita B YORE-R108  |GIME-Z0SE, G3NA-2108 GAIRA-DINE,
GIME-TR0E, GEMA-4108, GAHA-LTIE
S i S TORB-R1BON | GIME-TACE, GEMa-L408
TS GERE. MR Goa-2 108 GIHNA-D08 - -
GEr -4 R, GOINE-20RTIL L GAHE-T10TL) FOIN-AIRG | LiZME-dLCE
FOIE-MIO0 | G3MA-TICE, SOMALIDE SIKE-THITIL) Mounting Bracked
FaTH AT G250 S-S0 Liad 15 mzusl Ha SN A wTh a mauli=sg dmermon &1 52
AT | GENA-AS0E Madel | Applcatle B8
AE-11 | Gapis-cace, GENa-LatE

Specifications

Saee Linimiseviw Iy dafamibe. (Hafai o s 144

W Ratings
input (&mblent Tampsrature: 25°C)
Ki=del alesd vallags Cig=araling v ollaga ImEeduree Wolkagm leeel
Musd aperale Kust rakaess
sakage vellige
[ e i =l WL & 222 WLC T Ife P ™ 4 Wil e 1 %00 mis
(Ul S L Fi- R A o i WAL ™ 20 V&L fin ™
S G WAl 150 B 284 Wal T2 R R0 L e ™ 40 V& min
GIMAE TR S bz WL 4 2 32 VDO 5P P " 4 WOL rax 1%00 s
GIMA-DTIE 100 B 240 W5l I8 & 34 VAT ] i WAL T 20 WEL fin
Mote: Tl g epedares B eamcned al T aeEc o e ol He feied aupshy volige (ki saanch, sih fe oS rebsd al 1248 D

L0 Vsl s nout

padacce @ raasuced at 18] Ve

AN ce o] U TTenT Insut S iasl sptan. T inpedancs fer e ST EUTU 6 15 md mas
i W M Eog g Dals B Tulbee® dalals

Output
Ki=del Azplakl load
EEed lzad vollege | Loss vellige rangs Lzaad eurtenl Inrass cureenl
WaHh howi mnk” WEnoul hoal mink
GEME-IRD b B 0 VR 150 B S WORL LIR30 Y (=R R T &l A |8 HE, 1 <ptha)
GEME-2T0E ISR =F ] (=8 B =F BT 1805 0620 HE. 1 cycha)
SIMa-LTnY S0 RED Wal 180 22 WAl Lifeg i e [l d BN
GIME-IIDN b B 0 VR 150 B S WORL IR g-puf (=8 B =F BT S0 A (20 HE, 1 oyiie)
GIME-RZ0H S0 RED Wa 1800 238 WAl Lifry- gl [ehed B
GEME-DD b B 0 VR 150 B S WORL LR (=R R 14 440 & (20 HE, 1 cyvida)
GEME-H DD S RED Wel 180 228 WAl Uimats (el d L
GIME-SI0H S0 RED Wal 180 238 WAl [y iy (ol -]
Lt DRl el & 153080 VDG ISR =F ] (=8 B =F BT a1 A |15 ma)

“FEen O ROMS =il 35k jieler 2150 sosiacoas) oF @ el @ nk o gzl 520 b oed
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GINA OMRON GIMNA
B Characteristics
Hem GENA-Z0NM, 210, [=p LRl L] DEMa-100, S0, EaRA-02008
e = =170, -1RI0
D= iwte fime hirg g - L e T] Zpcha = 1 Fd AEa g TH ] 1 AE i (S0 15
A2 T | o] jSmevnr’ B0 Spcha & 1 Bl T (D Inpul] U o e (AL 1R
Nakesg fme A2 T | o] jSmewir’ H000 Zpcha & 1 Fd T b TH S AE Ml (O0 5P

202 el | owd) oiee e = gl
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1.2 % Fila
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GINA OMROM GaNA

Engineering Data
Load Current w2, Amblent Temparabure Characterstics
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GINA omron G3INA

Inrezh Currant Realstivity
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Allegro- ACST712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Currenit Conductor

Features and Benefits Description

! m‘“ﬁ“'ﬂ'—"’;l“_g =j5'-3:|ZF!"-'H1 ) Thke Allagro™ AC5T12 provides economical and pracise
* Denics banduid® i set iz the mew FILTER pin solatvozs forAC erDC currset sezsing mindussial, comzmarcial
* 7 s oupuf riss BIe 0 fRepODsS b Sep WUl cumees and communications sys%ms. The device packags allows for
: %’Eﬁ:;;:'j:iml 55 T = 15 wary implemantation by the customar Typical applicadons
. ) T . imclnde moter control, load deteciion and menzgement, swiich-

Small footprint, low-profle S0ICE padkage
1.7 m&? imiscmal n:-n‘:if:n:r nd:ml:ﬂ - mode powar suppliss, azd overcomezt fault profection. The

. 1 . izalati - ins &~ device i oot iztended for atonzotive applicatiozs.
L1 KVEME mpzi=mim isolation woliage Som pins 1-4 o pins 5-B TP

o SOV gimale wepnhy i

. é;:;fé:!::‘r.'?h ﬂﬁbih‘ Tha device comsists of 2 praciss. low-offeat, limear Hall circait
+ Cutput vokans m-.':-na] 0 AT op DI with a coppsr conducton pat located =sar e surfaca of the
. }':.-:I:-:'."-:u.:;a;ndE :-N.E O o dis. Applied cument fowing thromgh this copper conducsion
» Fxirsmsh mm;mmﬂﬁﬁm}_“, path gemaratesa magnetic flald which the Hall [T convestsinto
B Hm.r}_r:;-r:h:nng;mi: byt - proporticnzlvelage. Devics accaracy ts optinzized through the
»  FRatiompmc cutput fom sopply wolizge closs proxmity of the magnetc signal to the Hall trazsdwacar

A precize, propartionz] veltage is provided by the low-offsar
chepper-stabilized BilMOE Hall IT, which is prograzmmed

‘ € ﬁ -‘:a If-_.-;.. Hasar: for apcuracy after packaging.
ﬁ vevascssanaan s
t ¥

Tha output of the device bas 2 positve slops =V o
whan an mncrsasing current flows throngh the primery copper
condnction path {from pins 1 2nd 2, to pizs 3 2nd 4), wich is
Package: 8 Lead SOIC {suffix L) ts path msed for currszt sampling. The inter=e] resistancs of
tiis conductive path i 1.2 mE fypical. prowidizg low power
Loss. The thickness of the copper condector allowrs sarvival of

Conrimed on the s page .

Approzizele Sl 101 g—E

Typical Application

Appication 1. The ACETH2 cutputs an anaiog sipral, Vopr.
Tt varies Insariy wiih the unl- or bi-direcbonal AC or CC
ormany sampked cument, Lo, whnin T rangs ssached. Oy
5 recommEnded for molse managament, wit valuss frat
depend on fhe apolicyion

ACETI2-DE, Rev. 11




128

ACS712

Fully Integrated, Hall Effect-Based Linear Current Senser IC
with 2.1 EVRMS Isolation and a Low-Resistance Current Conductor

Deacription (continuad)

&4 device atup fo 5= overcamszt conditions. The tarnzinals of the

condzctive path ars electrically tzolated rom e signal leads (pins

3 throagh B). This allows the ACET1I to be zsed in 2pplications

requising electrcal izolation wirthout the wse of opte-isolatars or

other costly isolaton techmigues.

Selection Gulde

The ACET1is provided m a small, serface mount 20I0E package.
Ths ladframa is placed with 100% matte tin, whick is competible
with standard lead (P} freq prizted circudtboard sssembly processes.
Intarnadly, the devics is Ph-fros, axcapt for fiip-chip high-tamperatme
Ph-based scldar balls, cumrentdy exeanps fom RoHE. The device s
fully caltbrased prier to shipzant fom the factory.

Par: Numbsr Aaokimgt |IE] ::Ipﬂrrlm;;anm. y l.m;:‘:nn-r-;.f;“
ACETI2ELCTR-ISE-T | Tape and regl, 3000 plecesimes =40 %o 85 15 185
ACETI2ELCTR-20A-T | Tape and regl, 3000 plecesimes =40 %o 85 +20 100
ACETI2ELCTR-30A-T | Tape and nesl, 3000 plecegims =40 #o0 85 =30 1]
"Contact Allegro for adchional packing opiions.

Abaolute Maximum Hatlnga
Charaskarkssls Symbal Hobas Fabing Uinhs
Supply Wollage Yoo 8 L
Reverss Supply Votags Vano 0.1 r
Culput Violiage Vit g W
Revems Culput ollage Vo i1 W
Firs 1-4 and 5-5, €0 =z, 1 minule, Ta=Is"0 ZH00 L
Reinforced sofalion Wolape Wimo 'u:-lg:e a:p_le-u'.:- ExCiTame (o= pirs), Dases 182
on IEC ED3E0 Fonc
Firs 1-4 and 5-&; €0 Hz, 1 minule, T,=IS"C 1500 W
Easicsimion oilage Vigogar | \Gollage aopiled to I=scframe (o= pies), Dased 1
on 1EC E13E0 - “pumc
Culput Cument Source [T — k! i
Culput Cument Sinik lioarmisiesy a T
Cyencument Transient Tolerance Ip 1 pulse, 100 ms 100 A
Mominal Speraing Ambkent Temoerabune Ty Ranpe E =40 I 2 o
Magimum Juncion Temperiune T oo 165 oz
Sorage Temperalue Tz =55 b 170 oz
Parameter Spaciflcation
CAMNMCSA-CZ2 2 No. 60250-1-03
Fire and Sieciric Shock UL e0950-1:2003
EN 60%930-1:2001
Blgra Miadprera, o 2

195 Mo v Tt
Fiwcenier, Bamadwaen 01001 UG &
100 021 2000 vwaavd B BTARMEDT
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 EVRMS Iselafion and a Low-Resistance Current Conductor

Functiznal Block Dlagram

Y
Lo
Pl
|F||!|F||?i
(2%
iFin 5 4
A . [ AT
J_ [ TEE]
(-
|F||!\u'_-1 I
- ol b
||1||!\.|::1 j_ =
.fJ."
BT FLTER
P ) Pty |
Pin-out DIBQ[EI‘I‘I
Pe WD
Pe WA
P- FILTER
P- O
Terminal List Tabla
Number Lama Cwcoription
1and 2 =+ Terrinals for coment being samplss; Tused Inlzrnally
3and & P— Terminals for coment being samplss; Tused Inlsrnally
£ GND Signal ground femming
E FILTER Tenminal for ewiennal capschor thal sais tandaidh
T WICUT Anialog oulout sigral
& D Dewioe power supply lenmina
AT MG, o 3

115 Hari veaa Criod
Aizresier, Bawachonen JIEIECHIU G A
1800 £ 20T rehave B 83T DFT
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ACST12 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Lsolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS " cwar #ll rangs of Ta, Cp = 1 £F, and Ve = 5, urless olnerpize specifiad

| Charsstsrciio | Jymbad Toct Conditons | Min | Tp. | Khax. | Unite
ELECTRICAL CHARACTERITICE

‘Supoly Woltage Yoo 4z | E& W
Supoly Currenl o Woo = 5.0V, culput open - il 13 mA
Cutpul Capadiance Load Cyowp | VIOUT o GHD - - 10 RF
Outpul Reststive Load Fymgp  |¥IOUT o GKD 47 - - [=+]
[Frimary Corduder REsistance | Foppape | Ta= 250 = 13 = i
Aize Tme & Ip = i, Ty = 25T, Gy = 020 - 5 - us
Srequency Bandwidh f =3 dE, Ta = 25"C; I 5 10 A peak-io-peak - &a - kHz
[Fzninzarty B |Cverilranp=cfl, - 1E - 3
SymmeTy Esyw | Cwerfulirange of l» a2 100 102 w
Zaro Cumert Culput Vokiage | Moo, |Sidrectonai =08 T, - 2800 - "'E::; -

g SE, T, =25

Sowsr-On Tme e E::::E"ZEI_JED‘MHINIJE.TJ 25"C, 20 Apresent _ E _ "
[Magrefiz Cougiing® - [F] - | GA
Imtzmai Fiter Resistance? Spwm 17 [&7]

10ewioe may S cparated &t Rlghar primary cument bevals, I, and ambient, Ty, a0 Inemral leacframs mmoeraunes, Te, provided that e Macmum
Junclion Temperalure, T,imax), 15 not excesced.

HE w0 mT
¥y gem T0ME a0 BT circuk via e FILTER pin.

COMMON THERMAL CHARACTERISTIC S

Hin TR Max. | Unis

Cperating Irtemal Leadvame Temperature | Ty, |Erange -&] - = -
k" 13 Unis

donciorric-_ead Tremal Rezistance” Fgy |Mounied on the Allegro ASEK 742 evaluation board g "o

P ——————— FonI=d o i AlEgro 55-0222 & USI0N COAN, NOLDES & DOWer cor- 2 | ow

sumed by the boand
Thcafonal Tama Irom-alen s avallsbie on e Aliego webslis.

IThs Allspro evaluaton board kas 9530 mmd of 2 oF. cooper on =ach side, conracied %o pies 1 and 2, and to pins 2 and 4, with Temeal vas connect-
Ing the [ayers. Pedonmiance values include the power consumsd by the FCE. Further detalis on he board are avalabie from e Frequently Asikes
Zeesions dooument on our webslle Furiher infomsaiion about boand design and thermal performance also can be found In the Applicafions Informa-
Hon secHon of ihis dalashest

N Blkgra HieaSprsea, o 4
- 115 Mo Tt
Fiwesuier, Bamacaaen NS UGS &
= R TES. E. 1021 2000 wavm @ g T Com



Fully Integrated, Hall Effect-Based Linear Current Sensor IC

ACST712 with 2.1 EVRMS Isolation and a Low-Resistance Current Conductor

305E PERFORMANCE CHARACTERISTICE! Ta = 40040 28°C, G * PF a0 Vo = 5, Urlass ofenades spacifa:

Charastericilo dymb Tast Condiians Min. | Tep. | Ma Unfis
Dofmized Accuracy Rangs " -5 - 3 &
‘Sensiivity =4 Cuverfulirangeof |, Ty =35'C 18D 125 130 &

" Peak-ic-peak, Ty= Z5"C, 188 miiA programmed Sensibiy, _ . _ .
el "NOSEIF®) | 0 47 N, Couy = cpen, 2 bz bandidin : m
TasSTCRIET = [wE | - | moc
Zaro Cument Culput Siops Moy [ - -
! Ta=25'Cio150°C - -a08 - i
e-ACLIET - - AT
SEnskity Sope ey |AmTiCRI A A
Ta= 25" C 0 1500 - -21008 - A
ol DUzt Evor R [y 3 A - = | - %

1Cewice may o operaied af Righer primery cument levels, | 2nd amblent izmperaures, T, prowided at fre Maimum Jancion Temperre, Tyo,,
= not apresdes,
Ferreniage o |, WH p w5 A Dt fhzres,

X304 PERFORMANCE CHARACTERISTICS! 7, =~ C 0 25°C, Cpm 1 0F, 200 Ve =5V umiess othemuise spectied

Charasierslio Fymb Tl Conditions Win. | Tyn. | Max Unifie
(Diofmized Aocuracy Fange - =11 - 0 A
Senshiity Hens | Cverfulirangs of ks Ta=25'C E )
_ y Feak-iopeal, T, = 25°C, 100 mid A programmes Serslihy, | _ " _ -

"HOBEFR G m AT NF, Gy = opEn, 2 k-2 bandwidin ’
Ty= -0 IsC - | 4= - mrC
Zeno Cumrent Culput Slope Al
- T T, =25 C i B0 T m G
Tym—40"C 0 28°C - | oot - miviA" D
‘SEnsivity Slons ASers
- Ty= 25'Cln 150°C - [toH| - VAT
Torial Cutpet Emord Erar  |lw==204 Ty=25'C - | =is - %

IZevice may b= operated af Figher primany cument leslz, |p, nd ambilent i=mperaiores, T, provided that fe Maximus Junicdion Temperaione
Tyimax), s not exceeded.
irmmeniage of lp, WH | = 304 Culput fkened.

304 PERFORMANCE CHARACTERIETICS! 7, = —40'C 0 25, Ty = 1 0F, @nd o = 5, Unless ohenwse specfed

Charsetsrkti Bymibcl Tact Condflang Min. | Tep | Mar | Unfls
Cpbimbred Acouracy Range Ip =30 - 30 A
Bershity Tanz  |DeerTUlGE Dy, T, =250 B | = | @ A
hee Ve Pesk--peat, T, = 25°C, 55 mVA rogramme Sensilhy, _ - _ i

FFY (o m 4T 07, Gy = 0020, 2 EHZ bancwidh
o , Tym—a0'C T 25T - || - T
e L ey S T T
TeSlC T T N T I
Bensliihy Sloee R e [z - | AT
Tkl Cupul Enoe R [ T %

Desice may be operaled at higher primary curnem [evels, |, and amioient bemperatues, Ty, prosiced et the Baxdmem Junchon Temperatine,
Timan), Is ot evceeded

IPercertage of |, With [ = 20 A, Culut filered

i

1 Alagra Wicadprama, rc
= 115 Harivesr Cuist
Fiwcunier, Mamacwne N0 UE&
" [ S . 1500 021 3000 s 0 BgTricm oo
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC

ACS712 with 2.1 kKVRMS Isolanion and a Low-Resistance Current Conductor

Characteristic Ferformance
pow SA uniess othenwise spacHed

fdean Supply Curnent versus Ambent Temoeraire Bupply Cument versus Supply Wollage
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L -
i, = 4
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= 3 1= ==
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ACST712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resisiance Current Conductor

F=an Supay Curment verees Amoent Temoeraire
L B

Charactensiic Perf