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ABSTRACT

Power system protection is the most important requirement before the power
system is put into operation. Electrical energy has caused dangers both to the human and
the machines. Protection system is mostly controlled by the Earth Leakage Circuit
Breaker (ELCB). This device is the brain of the protection system that monitors input
current from power line by it sensor Zero phase Current Transformer (ZCT), then
sending the signals to the mechanical switch to tripped the circuit breaker. ELCB is
widely applied by consumer weather it is for resident, factory, laboratory and also power
distribution. Power system protection can be implemented at various stages and various
types of protection devices. 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 attempt to improve
and design the currently ELCB by using PIC microcontroller so that it have the ability to
identify the fault, act accordingly, display the fault and also to re-close it back to normal.
The PIC micro controller will cause the ELCB to trip when there is unbalance current
from power line flow through life line and neutral line is >100mA. In order to design it,
first thing of the current from the power line need to be measure in order to monitor it
using ZCT including testing the fault (over current, lightning and short circuit) and when
such condition arise, it will isolate the load from power line in the shortest time possible
without harming the any other electrical devices. In this project PIC microcontroller will

be used to control and operate the SSR, thus replacing the current mechanical switch.
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ABSTRAK

Perlindungan sistem kuasa adalah keperluan yang paling penting sebelum ia di
masukkan ke dalam operasi. Tenaga Elektrik telah menyebabkan bahaya kepada
manusia dan juga mesin-mesin. Sistem perlindungan biasanya di kawal oleh Pemutus
Litar Bocor Kebumi (ELCB). Peralatan ini adalah otak bagi sistem perlindungan dimana
ia bertindak sebagai pemerhati arus masukan daripada talian kuasa oleh pengesan Zero
Pengubah Tanpa Arus Fasa (ZCT), kemudiannya ia menghantar signal tersebut ke suis
mekanikal untuk terpelantikkan pemutus litar. ELCB digunakan secara menyeluruh oleh
pengguna sama ada untuk kediaman, kilang, makmal dan juga pembahagian kuasa.
Perlindungan system kuasa boleh digunakan di banyak peringkat oleh banyak jenis
peralatan perlindungan. 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 system mereka. Projek ini adalah cubaan bagi
menambah baikan dan juga mencipta semula ELCB yang sedia ada dengan
menggunakan PIC pengawal mikro supaya ELCB itu nanti mempunyai keupayaan untuk
mengenalpasti  kesilapan, bertindak sepatutnya, menunjukkan kesilapan dan juga
menyambung kembali litar ELCB yang telah terpelantik kepada asal. PIC pengawal
mikro akan menyebabkan ELCB itu terpelantik sekiranya terdapat arus yang tidak stabil
daripada talian kuasa yang melalui talian Life dan neutral adalah >100mA. Bagi
mencipta ELCB ini pertama sekali, arus daripada talian kuasa perlu di periksa supaya
ZCT dapat memerhatikan dan termasuk memeriksa kesalahan (lebihan arus, kilat dan
litar pintas) dan apabila semua criteria ini dipenuhi, ELCB tadi akan bertindak
memutuskan sambungan barangan elektrik daripada talian kuasa dalam sepantas
mungkin tanpa merosakkan mana-mana peralatan elektrik. Dalam projek ini, PIC
pengawal mikro digunakan bagi mengawal Relay keadaan tetap (SSR), yang mana telah

ditukarkan daripada suis mekanikal asal.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

This project is focused on improving the current ELCB that is using mechanical
switch into a new ELCB that using electronic switch. Nowadays ELCB is manually
controlled by mechanical switch and have a limited function which are cannot
distinguished and notify either permanent or temporary fault that occurred. The problem
comes when there is no resident at house whenever the fault or tripping occurred. The
electrical equipment power will be disconnected will cause some trouble for the resident.
We can take an example if there is no resident currently in the house for a while and the
ELCB in the resident is currently trip, some Electrical equipment like refrigerator and
water pump for aquarium will become malfunction. Thus the fresh vegetable and meat
in the fridge will expired and smelly meanwhile the fish in the aquarium may die
because lack of oxygen. This may seems unimportant, but if we can solve this problem
we can make human life a bit easier. As a future engineer who is a problem solver, we
need to solve this problem as our first task. The focus of this project is to design and
improving the current ELCB to a new ELCB with an auto re-closer unit. The new ELCB
function does not limited at the auto switching, but it also can differentiate and display

the type of fault so that the user is aware of the situation.



There are two types of fault normally detected by ELCB, which are permanent
fault and temporary fault. Permanents fault is type of fault that occurred because of
short-circuits between both life wire and neutral wire or ground wire, meanwhile
temporary fault is type of fault that occurred from the effect of surge current from the
lightning. The basic concept of the ELCB is if there are fault occurred, ZCT will sense
the fault and send the signal to the ELCB to cut the power to the load (tripped). After 10
second the ELCB will connect back the power to the load, after that if the ELCB is
remain connected with the load that means the fault is temporary like lightning.
Meanwhile if after the ELCB is connected back to the load and it still detect any fault, it
will re-close back. The cycle will be repeated for 3 times, if the fault is still detected, the
ELCB will isolated the power from the load and it will display the fault is permanents
like short-circuit or over-current. Until the fault is correct by the user, the ELCB will
remain tripped and the user need to manually switch on the ELCB after the fault is
correct to avoid electrical hazard. In this project the PIC microcontroller has been
chosen as a control element, and the Solid State Relay (SSR) is selected as switching

device.

The first problem we need to be clear in this project is to understand and know
the differentiation between permanent fault and temporary fault. All aspect must be
considered and we cannot neglect even a little for the safety of human life. The second
problem is how to convert mechanical switch from original ELCB to a new electronic
ELCB. Original ELCB used the principal of magnetic, and we need to change the signal
of magnetic to electrical signal for the new ELCB. The third problem need to be clear is
sensing element that can be use to send the fault signal to the PIC. For all this to operate
together, we need to choose suitable components with rating current and voltage that is
suitable to operate together and then start designing the suitable circuit that connect all

the system.



1.2

1.3

Objectives:

The objectives of this project are:

1. To design an ELCB with an auto re-closer unit.
1. To implement the use of Micro-C and power electronic switch in designing
hardware.

iii. To notify user either the fault mode is temporary or permanents.

Scope of project

1. To improve the currently Earth Leakage Circuit Breaker (ELCB) into a new
ELCB which have the ability to automatically trigger on back after being trip.

ii. The new ELCB can also distinguish either it is permanent fault or temporary
fault that occur and it will only trigger on when necessary.

iii. To ensure this project work perfectly, the use of PIC18F4550 and P-Spice

software will be implement.



14 Literature Review

An Earth Leakage Circuit Breaker (ELCB) is a device with two earth terminals
used to directly detect currents leaking to earth from an installation and cut the power.
They were mainly used on TT earthing systems. By having the assumption of the
presence of current in the earth line, it means there is any leaking current from the main
incoming live cable, thus the power has to be cut off to ensure the safety. The state of
the ELCB when it cuts the power is known as being tripped. Every time the ELCB is
tripped, it can be reset (connected back the power line) by resetting the trip button.
Originally there are two types of ELCBs, the voltage operated device and the differential
current operated device VELCB and iELCB. vELCBs were first introduced about sixty
years ago and iELCB were first introduced about forty years ago [3].

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 [3].

ELCB is essentially a voltage sensing device intended to detect dangerous
voltage and current fault. 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 installations [3].



For many years, the voltage operated ELCB and the differential current operated
ELCB were both referred to as ELCBs because it was a simpler name to remember.
However, the use of a common name for two different devices gave rise to considerable
confusion in the electrical industry. If the wrong type was used on an installation, the
level of protection given could be substantially less than that intended. To remove this
confusion, [EC decided to apply the term Residual Current Device (RCD) to differential
current operated ELCBs. Residual current refers to any current over and above the load

current.

Through early research that have been done and the guidelines from articles, it
states that the development of ELCB is focused to only development of better device
and not to improve the system of ELCB cause there are no articles that give the idea how
to add the function and system to this ELCB. Until today what the article said is the
type, function and process of each component in ELCB. So it is important to struggle

and combine all knowledge to design something new for this device [4].

1.5 Thesis Outline

This thesis contains 5 chapters which is every chapter have its own purpose.
After viewing the entire chapter in this thesis, hopefully the viewer can understand the

whole system design for this project.

Chapter 1 describe on the background of the project, objectives, scope of the
project and the literature review that referred to in the development of Earth Leakage

Circuit Breaker with an auto re-closer unit.



Chapter 2 is focused to the theory of the Earth Leakage Circuit Breaker (ELCB),
where it described about problems, ELCB design, the components inside ELCB and the

operation of this device.

Chapter 3 elaborated more on the designing and operation of the new ELCB with
an auto re-closer unit system. Besides it also describe the functions of each components

used in the circuit especially on the second stage circuit.

Chapter 4 is focused to the control element circuit which is the most important
part of the system. It described about the system of microcontroller detailed from the

hardware until the software that has been used in this project.

Chapter 5 presents the data and experimental result while in development
process. The result of this project is also accompanied by the discussions for each

problem statements.

Lastly is Chapter 6, in this chapter the conclusion have been made for the project
from the whole aspect and there are also suggestions to improve the new ELCB in the
future, in case for the commercialization. The costing stated to produce the ELCB is also

included.



CHAPTER 2

EARTH LEAKAGE CIRCUIT BREAKER

2.1 Introduction

An Earth Leakage Circuit Breaker (ELCB) is a device used to directly detect
currents leaking to earth from an installation and cut the power. Early ELCBs responded
to sine wave fault currents, but not to rectified fault current. Over time, filtering against
nuisance trips has also improved. Early ELCBs thus offer a little less safety and higher
risk of nuisance trip. The ability to distinguish between a fault condition and non-risk
conditions is called discrimination. Many electrical installations have relatively high
earth impedance. This may be due to the use of a local earth rod (TT systems), or to dry

local ground conditions.

This type of installation is dangerous and a safety risk if a live to earth fault

current flows. Because of earth impedance is high:

1. Not enough current exists to trip a fuse or circuit breaker, so the condition
persists unclear indefinitely.

ii.  The high impedance earth cannot keep the voltage of all exposed metal to
a safe voltage, all such metalwork may rise to close to live conductor

voltage.



These dangers can be drastically reduced by the use of an ELCB or Residual-current

device (RCD).

The ELCB makes such installations much safer by cutting the power if these
dangerous conditions occur. This approach to electrical safety is called EEBAD. In

Britain EEBAD domestic installations became standard in the 1950s.

In non-technical terms if a person touches something, typically a metal part on
faulty electrical equipment, which is at a significant voltage relative to the earth,
electrical current will flow through him/her to the earth. The current that flows is too
small to trip an electrical fuse which could disconnect the electricity supply, but can be
enough to kill. An ELCB detects even a small current (ZCT sensitivity) to earth (Earth

Leakage) and disconnects the equipment (Circuit Breaker).

This chapter describe about detail of ELCB and about its operation so that the
reader will get a clear idea how the ELCB is working. To achieve that first we need to

study more about ELCB and doing some research about the ELCB operation

The objectives of this chapter are:

1. To know the system of basic Earth Leakage Circuit Breaker
ii. To know the components of Earth Leakage Circuit Breaker and know the
function of each component.

1i1. To understand how the device work



2.2 Problems of nowadays ELCB

Earth Leakage Circuit Breaker is one type of electrical equipment that used as a
protection device. The main purpose of this type of equipment is to cut off the power
when the problem occurred. But the problem is will the device back to normally
condition and function if the error occurred and there are no a human that can switch on

back the device due to many reasons.

The device is using mechanical switch that must be switch on manually, after
ELCB is being tripped it will stay off until the user push it back to the on condition

although the problem that occurred is temporary fault and occurred in one millisecond.

The device also can not differentiate whether the fault is temporary or permanent
fault where there are the differentiations between these two types. It also does not act

differently for these two types of faulty.

2.3 Electrical faults

A fault is any abnormal situation in an electrical system in which the electrical
current may or may not flow through the intended parts. Equipment failure also
attributable to some defect in the circuit, example is loose connection, insulation failure
or short circuit etc. The ype of faults in a distribution network that is detected by an

ELCB is:

1) Over-Current Fault
11) Short-Circuit Fault
iii) Lightning Fault
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2.3.1 Over-current Fault

The National Electrical Code defines over current as any current in excess of the
rated current of equipment or the ampacity of a conductor. It may result from overload,
short circuit, or ground fault. Current flow in a conductor always generates heat. The
greater the current flow, the hotter the conductor. Excess heat is damaging to electrical
components. For that reason, conductors have a rated continuous current carrying
capacity or ampacity. Over current protection devices are used to protect conductors
from excessive current flow. These protective devices are designed to keep the flow of
current in a circuit at a safe level to prevent the circuit conductors from overheating.

Figure 2.1 shows that the current flow during over-current condition.
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Figure 2.1: Over Current Flow

In term of over-current fault when a current greater than that which a circuit or a
fuse is designed to carry, the fuse or wire may melt or damage the other elements of the

circuit.
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2.3.2 Short-Circuit Fault

A short circuit in an electrical circuit is one that allows a current to travel along a
different path from the one originally intended. The electrical opposite of a short circuit
is an "open circuit", which is an infinite resistance between two nodes. It is an abnormal
low-resistance connection between two nodes of an electrical circuit that are meant to be
at different voltages. This result in an excessive electric current (over-current) and
potentially causes circuit damage, overheating, fire or explosion. Although usually the
result of a fault, there are cases where short circuits are caused intentionally, for

example, for the purpose of voltage-sensing crowbar circuit protectors.

In circuit analysis, the term short circuit is used by analogy to designate a zero-
impedance connection between two nodes. This forces the two nodes to be at the same
voltage. In an ideal short circuit, this means there is no resistance and no voltage drop
across the short. In simple circuit analysis, wires are considered to be shorts. In real
circuits, the result is a connection of nearly zero impedance, and almost no resistance. In
such a case, the current drawn is limited by the rest of the circuit. Figure 2.2 show the
Normal and short circuit condition, meanwhile figure 2.3 shows about short circuit due

to broken insulation.

- \  SHORT DUE TO
N )\ WORN INSULATION

10,000¢2

BARE WIRE

EXCESSIVE CURRENT INSULATED

5 : ' WIRE

Figure 2.2: Normal & short circuit Figure 2.3: Short due to broken insulation
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In mains circuits, short circuits are most likely to occur between two phases,
between a phase and neutral or between a phase and earth (ground). Such short circuits
are likely to result in a very high current and therefore quickly trigger an over-current
protection device. However, it is possible for short circuits to arise between neutral and
earth conductors, and between two conductors of the same phase. Such short circuits can
be dangerous, particularly as they may not immediately result in a large current and are
therefore less likely to be detected. Possible effects include unexpected energisation of a
circuit presumed to be isolated. To help reduce the negative effects of short circuits,
power distribution transformers are deliberately designed to have a certain amount of
leakage reactance. The leakage reactance (usually about 5 to 10% of the full load

impedance) helps limit both the magnitude and rate of rise of the fault current.

2.3.3 Lightning Fault

Lightning is the visible discharge of static electricity within a cloud, between
clouds, or between the earth and a cloud. Scientists still do not fully understand what
causes lightning, but most experts believe that different kinds of ice interact in a cloud.
Updrafts in the clouds separate charges, so that positive charges flow towards the top of
the cloud and the negative charges flow to the bottom of the cloud. When the negative
charge moves downwards, a”stepped leader” is created. The leader rushes towards the
earth in 150-foot discrete steps, producing an ionized path in the air. The major part of
the lightning discharge current is carried in the return stroke, which flows along the
ionized path [4]. Figure 2.4 show the lightning protection in a house and Figure 2.5
show the how the lightning stepped occurred.



Figure 2.5: lightning stepped

13
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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 faulty is cause by direst
lightning phenomena. Where example of permanent fault is faults on electrical

equipment.

2.4 ELCB Features

Figure 2.6 shows the ELCB inner build and cover, the function of this housing as

the human protection for the circuit.

24500 £ 2000

Figure 2.6: ELCB inner build and Cover.

Figure 2.7 shows the structure of ELCB that has been separated from its cover.
From the figure we can see that ZCT act as the Sensor that connected to coil in the black

box that which are part of the mechanical switch.
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Figure 2.7: ELCB Structure

2.5 Operation of ELCB

Figure 2.8 shows the schematic design of ELCB, the design consists of
mechanical switch, ZCT, coil, test resistor and the reset button. Mechanical switch is
connected to the contact of black box. The function of this black box is to induced
magnetic and then de-energize the magnetic coil in the black box. Then it will
disconnect the mechanical switch so that it can cut off the power with cut off the life and
neutral line together. The function of test resistor is to test whether ELCB is operational
or not by providing a short circuit within internal ELCB life and neutral. By providing a
new current path during test condition (assuming Kirchhoff current law), current flow
through life wire is divided. The current in the neutral is less than the current in the life

wire when the reset button is pushed.
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Figure 2.8: Earth Leakage Circuit Breaker design schematic

The function of ZCT is to detect the unbalance current from life and neutral or
life with ground. The tripping of an ELCB is depending on the sensitivity of the ZCT.
For resident, usually ELCB that is being used is 0.1A that means if there is any
unbalance current >100mA, the ZCT will induced current and then de-energize the

magnetic coil in the black box, so that the mechanical switch can be disconnected.

Case 1
lin= 13A
Life -
i [ ) ' LOAD
Neutral
lout= 13A
-Because Iin=Iout, there is no induced current produced by the ZCT
Case 2
lin=13.1A
Life
' 3 LOAD
Neutral —
lout= 13A

-Because Iin#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 2.9: Operation of ZCT
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Figure 2.9 shows the operation of the ZCT. Operation of ZCT is same like the
Clamp Meter that is used to detect current in a line. In case 1, when the current flow
through life and neutral line is same, there is no unbalance current detect in the ZCT thus
there is no induced current produced by the ZCT. In case 2, when there is unbalance
current between life and neutral line, ZCT will produced an induced current and then it

will send to the signal to the magnetic coil resulting in tripping of the ELCB.

2.6 Summary

From this chapter, we can see that nowadays ELCB is already flawless in
protection for human being from fatality hazard. Factor that effect the tripping of an
ELCB is the sensitivity of the ZCT. Because the safety regulation of the ELCB from
IEEE itself, we need to use these default setting of 100mA in our project, and only
modified on switching and the circuit for the improving. This chapter gives a clear idea
about what is need in this project. There is need to utilize ELCB with microprocessor as
its brain, so that it can be operated with much more efficient. To develop this project, the
knowledge about the controller which is ‘the brain’ for this system is very important.
This project will use PIC micro controller as the processor. Thus, this will be discussed

later in chapter 3 in detail.



CHAPTER 3

DEVELOPMENT OF EARTH LEAKAGE CIRCUIT BREAKER WITH AN

AUTO RE-CLOSER UNIT

3.1 Introduction

This chapter explains how to design the Earth Leakage Circuit Breaker with an
Auto Re-closer unit including project flow, circuit design, and hardware and software
implementation. This chapter also will cover about designing the basic PIC circuit,
keypad and LCD, current sensor circuit, interfacing PIC to circuit breaker and PIC

programming.

This chapter also describes about final hardware design of auto re-closer circuit
breaker, the advantages and the function of each circuit. The suitable modification is
also being considered in order to make the ELCB can be integrated with PIC
microcontroller and the hardware circuit. To make the new ELCB effective, several

changed has been made so that the size and the cost is acceptable for commercial

purpose.
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3.2 Project Flow

This project starts with study the basic design of an ELCB. This is done by
operating the original ELCB and takes a look at each component and their function. The
next stage is to think what can be modified in order to change the ELCB function from
mechanical switching to Electronic switching. Next is to identify where the suitable part
to use the PIC microcontroller is. For this to happen, the first thing do is, by designing
the basic of the circuit which are power supply circuit. Then follow by designing the
controller circuit which is for PIC microcontroller to be operated. The next step is
designing the electronic switching circuit which needs to be used instead of original
mechanical switch. The last circuit need to be design is the sensor circuit that can sense
any fault that occurred. Finally for the hardware need to be completed, all circuit need to
be combined altogether and then troubleshooting can be made. After hardware is
finished, programming can be made so that the ELCB function as auto Re-closer unit
can be seen. Then the new Auto Re-closer ELCB was tested in laboratory using different
method, when there were problems occur, the hardware is troubleshoot and the problem
is correct. The process was done again until the hardware fully functions and meets the

requirement of an ELCB.
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3.3 ELCB Hardware Design

From the Figure 3.1 the basic build of an ELCB only consist 4 basic components,
which are ZCT, “Black box”, Mechanical switch and Test Resistor. Functions of ZCT
are to detect imbalance current in life and neutral wire that is installed through ZCT. If
there are any unbalance current detected in ZCT, ZCT will induced current and then the
induced current will be sent to “black box”. “Black box” basic build is a magnetic coil
that is round by copper wire. When the Induced current from ZCT entered “Black Box”,
magnetic coil in the “black box™ is de-energized and then it will trigger the tripping

mechanical switch.

Figure 3.1: Component and Structure of ELCB



21

3.4  ELCB with an Auto Re-Closer Unit Hardware Design

From the Figure 3.2, the hardware is the improved design from basic ELCB in
Figure 3.1 above. The Solid State Relay (SSR) replaced the function of mechanical
switch in old ELCB. Function of Zero Current Transducer (ZCT) still the same which
are to detect the unbalanced current between life and neutral line. Transformer 240/15 V
ac is used and then it will be converting from 240 volt ac from power line to 5 volt dc by
using full wave rectifier circuit. The 5 volt dc is used to energize PIC microcontroller,
SSR, LCD (Liquid Crystal Display) and Operational Amplifier (op-Amp). As an early
protection at control supply line, the fuse was used to blow the fuse over time if over-

current occurs before entering circuit 5 volt dc supply.

Figure 3.2: Component and Structure of ELCB with an Auto Re-closer unit

For IC Voltage Regulator, the model of LM7805 was used to step down the
voltage from 15V of Transformer to 5V for PIC, LCD, Op-Amp and SSR. The function
of current transducer is to detect the different current between life and neutral wire and

then send the signal to the microcontroller in shape of induced current.
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For the control component, PIC that is used is PIC18F4550. 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. For sensing circuit, LM358 Op-Amp is selected as
current to voltage converter. LM358 will detect the current from ZCT and then it will

convert to voltage signal to send it to PIC18F4550.

3.5 Stage 1 Circuit

Refer to the Figure 3.3 it is 5 volt power supply circuit, this circuit is the
combination from one transformer 240Vac/12Vac, Bridge Rectifier, LM7805, capacitor
470uF and capacitor 10uF. The LM7805 was used in voltage regulator circuit, it is to
produce 5V output to supply the power to PIC microcontroller circuit, LCD, SSR and

sensing circuit. The detailed will be explained later in chapter 4.

30V 1 AMP BRIDGE |
M END ouT

>—|—1W—“~'3 7205

24DVAC % % Loy ouT +3V
_ GhD 100ma MAK
>—|_ WITHOUT HEAT SINK
470uF 10uF
23V 16V
240VAC TO 12WAC POWER ADAPTER J7 ;I;' l:/

Figure 3.3: 5Vdc Power Supply Circuit
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3.6 Stage 2 Circuit

Refer to the Figure 3.4 it is control element circuit for PIC microcontroller and
LCD display, this circuit is the combination from one PIC18f4550 microprocessor and
JHD162A LCD. Figure 3.5 show the pin connection between PIC18F4550 and LCD.
PIC18F4550 act as the brain of the system, meanwhile JHD162A act as display for
information from PIC. For PIC driver 20MHz crystal is used to control the clock cycle
of the system. Both PIC and LCD used 5 Volt dc as supply voltage which can be
connect to power supply circuit that have been design in page before. Capacitor 1nF is
used as to filter the voltage came from sensing circuit. The detailed is described in

Chapter 4.
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Figure 3.4: PIC Microcontroller and LCD circuit
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Table 3.5: Pin connected to PIC16F877A over current relay system

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
OSC1,0S8C2 13, 14 For oscillator Connected to 20MHz

crystal
RAO/ANO 2 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
RDI1 20 Output To on Buzzer

Tables 3.5 show the connection pin use for PIC18F4550 microcontroller. The

total pin used for PIC18F4550 is 15-pin. Pin 11 and 13 is used for receiving 5V supply

meanwhile pin 12 and 31 is connected to the ground. Pin 1 is used for master reset, this

pin mainly used to reset the PIC18F4550 microcontroller operation. OSC1 and OSC2 is
connected to the oscillator 20MHz which are the clock for the PIC18F4550

microcontroller. RAO is the pin for the analog input, this pin used to convert the analog

signal from sensing circuit to the digital signal so that PIC18F4550 can make the

conversion. Port B and Pin for Port D is as the output pin for LCD, buzzer and Solid

State Relay.
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3.7 Stage 3 Circuit

Refer to the Figure 3.6 it is sensing circuit for the new ELCB. This circuit is
operated based on current to voltage converter using LM358 Op-Amp. Resistor 150Q is
used to convert the induced current from ZCT to induced voltage. Variable resistor 20K
is used to vary the output voltage LM358 with the induced current. The detail will be

explained later in chapter 4.

ZCT

150

Figure 3.6: Current to Voltage Converter using LM358

3.7.1 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 3.7: 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.
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This project the use the SSR with specification:

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

3.7.2 Zero phase Current Transformers (ZCT)

Figure 3.8 shows the ZCT, A zero-phase current transformer for use as a leakage
current detecting element in a leakage current interrupter in which two magnetic
materials of different permeabilities are provided so as to eliminate a range where the
leakage current interrupter is inoperable without lowering its ability to distinguish noise
components. The different magnetic materials may be provided as a single core
constructed by mixing the materials of different permeabilities. Otherwise, the materials
can be provided as annually-shaped magnetic pieces stacked one on top of the other.
Still further, the materials of different magnetic permeability may be provided as bands
of materials interwound to form alternating layers or one of the materials may be
provided as at least a portion of a protective case. For this project, the sensitivity of ZCT

1s 100mA.
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Figure 3.8: Zero phase Current Transformers

3.7.3 Centre tap Transformer 240Vac/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

Figure 3.9: Centre Tap Transformer
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3.7.4 Voltage Regulator LM7805

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 3.10: LM7805

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.

3.7.5 Bridge

Refer to the Figure 3.11 it is the KBPC6005PBF Bridge model, it is used to
rectify the voltage from AC supply to DC power supply for IC voltage regulator device.
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Figure 3.11: Bridge

3.7.6 Toggle Switch

Figure 3.12 shows the toggle 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.

-

Gt
iy
-

.‘.“ )

-

Figure 3.12: Toggle Switch
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3.7.7 Operational Amplifier LM358

Figure 3.13 shows the Operational Amplifier or Op-Amp LM358, the LM358
model is a high performance monolithic operational amplifier constructed on a single

silicon chip. It is intended for a wide range of analog applications, example:

a) AC coupled Inverting Amplifier

b) AC coupled Non-Inverting Amplifier

c) Non-inverting DC Amplifier

d) DC Summing Amplifier

e) High Input Impedance, DC deferential Amplifier
f) Active Band-Pass Filter

) Low Drift Peak Detector

h) Current to voltage converter

1) Voltage to current converter

The LM358 is the high gain and wide ranges of operating voltages provide
superior performances in integrator, summing amplifier and general feedback
applications. The internal compensation network (6dB/ octave) insures stability in closed

loop circuits. Figure 3.13 shows that LM358 from MOTOROLLA family.

Figure 3.13: LM358
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The LM358 is the MOTOROLA model of Op-Amp that used in this ELCB
circuit, it is used for current to voltage converter, the function of this circuit is to convert
the current from zero phase current transformers (ZCT) to voltage and the voltage will
be sent to PICI8F4550 microcontroller and the voltage classified as input for

microcontroller element.

3.7.8 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 3.14: Light Emitting Diode (LED)

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.
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3.7.9 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 3.15: 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.

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.
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3.8  Final Stage Circuit
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Figure 3.16: Final Stage Circuit

Figure 3.16 show the final stage circuit. By combining the entire component with
all the earlier circuit, we get the final stage circuit which is the hardware design for
ELCB with an auto re-closer unit. Every stage circuit can be integrating together, soon
after the Hardware circuit is complete, and the hardware is test and being troubleshoot.
By doing this, the Hardware can process can be done before entering the next phase

which are programming.

It is important to have a finished hardware, so that the next phase can be done

without problem that came from hardware that needs to be troubleshooting.
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3.9 Flow Chart

Refer to the Figure 3.17, when a fault occur ZCT will sense the imbalance
current and then it will induced a signal current. This signal then is send to the PIC
microcontroller via sensing circuit. PIC microcontroller then will send signal to trip the
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 counter will be reset. Meanwhile if there is
fault occurred instantly after the ELCB is turning back to on, the ZCT 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. The ELCB then will

be tripped as to isolated connection of load with power line.
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Figure 3.17: Flow chart of the system
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3.10 Hardware Operation Process

From the flow on the Figure 3.18, started with the supply voltage from TNB,
then the supply 240V ac is connect to the load through ZCT. ZCT used to detect
imbalance current that flow from life and neutral power line. Supply voltage from TNB
is also connected to power supply circuit which is to step down from 240V ac to 12V ac
and the rectified and regulate it to be 5 V dc by using bridge and Voltage regulator. The
5 volt dc is used to energize PIC microcontroller, SSR, LCD and Operational Amplifier
(op-Amp). From ZCT, if the unbalanced current between life and neutral line occurred
and the value between them reached A100mA, ZCT will induced an induced current and
then the current signal is convert to voltage signal by using Op-Amp current to voltage
converter circuit. The value of the output from sensing circuit is depending on the value
of Op-Amp gain. The more different current, the more current is induced by ZCT. The
output voltage from Op-Amp is send to PIC microcontroller through ADC (Analog
Digital Converter) port. As the ELCB main switching, Solid State Relay is connected
from PIC 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. During this time,
LCD will be display the information of fault from the PIC microcontroller.

Figure 3.18: Hardware operation process of Auto Re-Closer ELCB
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Figure 3.19: Operation of ELCB with an Auto Re-Closer unit.

3.11 Summary

The concept and method development of ELCB with an auto re-closer unit have
been described in this chapter. ELCB is the main output of this project which is to
isolate the faulty condition (fault current) while LCD will monitor and display the fault
condition. All the circuit in this project will be controlled by PIC micro controller which
acts as the processor in this project. The PIC micro controller will do the task and
operate depend to the current that being sensed. It is very important to implement the
hardware stage by stage so that it will be easy to troubleshoot if there’s a problem. The
most important thing is to make sure that the PIC micro controller can constantly operate

and functioning so that it will keep all circuits runs.



CHAPTER 4

CONTROL ELEMENT CIRCUIT

4.1 Introduction

Control circuit act like the brain of the system. In this system the PIC18F4550
model has been selected as microcontroller. During earlier stage, PIC16F84A has been
chosen because of the size and price but because it lack the input port for analog digital
converter, so PIC18F4550 is the better choice. PIC18F4550 is 10-bit, up to 13-channel
Analog-to-Digital Converter module (A/D) with Programmable Acquisition Time.
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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4.2 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".

PIC 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.

Figure 4.1, 4.2 and 4.3 shows the PIC18F4550 Pin PIC Microcontroller picture,
except this type the PIC18F4550 44-Pin Thin Quad Flat Pack (TQFP) and 44-Pin Quad
Flat No leads (QFN) also available. For this project the 40-pin plastic dual in-line

package (PDip) microcontroller has been used.
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Figure 4.1: 40-Pin PDip Microcontroller

44 Pin TQFP

P1P1A

ZISPP2
35~ RCVTIOSUCCE A VOTE

420 == RCHDNM
A M= ROVSPEZ
FAT=— NCACPORTS

AQIL] = R

38T = ROV/SPPT
32 HT - ROOSPPO
AT == \iss
BT e RC2IC

43HT == RCESD+HP

44T = RCET WCHK

33 =+— NOITCRETEC =I5
-— HCEIT?CGQ.EEECN

LK

RCTIRXNDOTEDD -
RO4SFPPE ==
ROS/SPESEIE =—= O
ROGISPPEPIC =+— O 30 =— OSC1CLE]
RO7ISPPTRID =0 PIC18F4455  20HT-— Vs

s PIC18F4550 30 T P25 urioeses

Voo —=
RAOANIZINTIFLTHNEDISDA =1 ¥ F
RE1ANIDANT 1/SCRISCL =—e S 2R == RENAMS/CH1SPF
REZIANSANTZNMD =—= I 10 24HT - RARANASSHNVDING2OUT
REMANGCCPHUNVPD =T 1

gobooopioogo
ik
FE LSOO =
BoeD00EIZ Y
BECsauiials
gRSaBER 22
5;;.”&; gpé
223 2
(4

Figure 4.2: 44-Pin TQFP Microcontrollers

41



44 Pin QFN

RCTIRXDTS00 -
RO4/SPPY ==
RDSISPPSIFIB =
ROEISPPEPIC =—
RODTSPPTPID =

WEs —

Voo —=

Voo —=
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Figure 4.3: 44-Pin QFN Microcontrollers

4.2.1 PIC18F4550 Features

The features of the microcontroller are as follows:

e Full Speed USB 2.0 (12Mbit/s) interface
e 1K byte Dual Port RAM + 1K byte GP RAM

e Full Speed Transceiver
e 16 Endpoints (IN/OUT)

e Streaming Port

e Internal Pull Up resistors (D+/D-)
e 48 MHz performance (12 MIPS)
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Figure 4.4: PIC18F4550 Microcontroller

Table 4.5: PIC18f4550 Features
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Parameter Name Value
Program Memory Type Flash
Program Memory (KB) 32
CPU Speed (MIPS) 12
RAM Bytes 2,048
Data EEPROM (bytes) 256

Digital Communication Peripherals

1-A/E/USART, 1-MSSP(SPI/12C)

Capture/Compare/PWM Peripherals

1 CCP, 1 ECCP

Timers 1 x 8-bit, 3 x 16-bit
ADC 13 ch, 10-bit
Comparators 2

USB (ch, speed, compliance)

1, Full Speed, USB 2.0

Temperature Range (C) -40 to 85

Operating Voltage Range (V) 2to0 5.5

Pin Count 40

Packages 40 PDIP, 44 TQFP, 44 QFN

I/O pins
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Table 4.6: PIC18f4550 pin used detail

Fin
Humber | pin | Buffer
Pim N iption
ame PO, | Type | Type Descriptio
SOIC
MCLRNVERRES I Master Claar (input) ar programming veldtage (input).
MCLE | 5T Master Clear (Resst) input, This pin is 2n active-ow
Reset 1o the device.
Vee P Programming voliags input.
RE3 i 5T Digital input
QSCUCLK! £ Cacillator crystal or extemal clock inpul,
osC1 I Anahag Oscillator erystal input or extemal chock source mput
CLE] 1 Analog Extemal clock source input Ahways associaied with pin
function OSC1. (See OSCICLKO pin.)
OSCHCLKOMAS 10 Oscillator crysial or clock output
O8C2 4] — Cscliiater erystal outpul Connects to crystal of resonanor in
Crysial Cracillator mode
CLKGD o — In select modes, OSC2 pin outputs CLEC which has 114 tha
frequency of O5C1 and denotes the Instruction cycle rate.
RAG (e ] TIL General purposs 10 pin
PORTA iz a bidirestional 11D pont
RADIAND 2
RAD s TTL Digital VO
AND | Analog Analog input 0.
RATIANA 3
RAT Vo | TIL Digital VO
AN1 | Anakog Enakog input 1.
Ra2fANIAREFJC\REF 4
R&2 Vo TTL Drigital VO,
ANZ2 | Analog Analog input 2.
VREF- I | Analog AJD refarence vollage (low) input.
CVREF Q| Anslog £naloeg comparator referancs outpul.
RAJANIAREF+ 5
RAZ Vo TTL Digital V'O
A3 | Anakog Analog input 3
\REF - | Ahabon AID refarence voltage (high) iInpul
RAMMTOCKICIOUTIRCY E
A4 ] ST Drigital 1O,
TECKI I ST Timerd external clock Input.
C1oUT Q — Comparatior 1 output,
o it | TTL Exiomal USE transzciver RCY npuk
PASILHASS! 7
H_WEIRNCZOLT
QL5 ' ™ Tinral 10
Al 1 Analog Lnalogirput 4.
33 | TIL 3F1 alave zciowl inpul.
47D | Aralza Hah'Low-Volale Detect irout.
oaxour Q — Comasrsior I oulput,
FAG — — =5 Festhe DSCHCUSCHRAG pin.
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4.2.2 Input and Output Port Used

This subchapter is described about the input port and output port that has been
used in the development of ELCB project. PIC18F4550 have 5 ports which are port A,
port B, port C, port D and port E. PIC18F4550 has advantage in term of port because
we can assign any port as input or output. But the restriction is only on port B, C, D and
E because port A is analog port. Currently there is only port A, port B and port D is used

and The other port is currently unoccupied because it is reserve for future upgrade.

For port B, it is assign as an output for the LCD. Since there are 8 port B counts
from RBO to RB7, the LCD is easy to be configured by using port B. LCD is using port
BO0 as to connect to E, port B3 is connect to RS and port B4 to port B7 to connect to data
port D4 to D7 on LCD. There is one port B used as an output to control Solid State
Relay which is port B2.

For Port A, the only analog port that is used is port Al. This port is use as the
input analog digital converter from output sensing circuit. In writing C-language for port

A, we need to assign ADCIN and ADCON for the analog port to be active.

Lastly for port D, port D1 is used as an output for Buzzer. Whenever the ELCB
is tripped this port D1 will send signal High as to turn on the buzzer and to notify the
user that the ELCB is being tripped.
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4.2.3 Crystal oscillator

Refer to Figure 4.7, crystal oscillator is an electronic circuit that uses the
mechanical resonance of a vibrating crystal of piezoelectric material to create an
electrical signal with a very precise frequency. This frequency is commonly used to keep
track of time (as in quartz wristwatches), to provide a stable clock signal for digital
integrated circuits, and to stabilize frequencies for radio transmitters and receivers. The
most common type of piezoelectric resonator used is the quartz crystal. The suitable

crystal for this project considered is 20 MHz.

Figure 4.7: Crystal oscillator

4.3  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.
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4.3.1 Microcode Studio

MicroCode Studio is a powerful, visual Integrated Development Environment
(IDE) with In Circuit Debugging (ICD) capability designed specifically for
microEngineering Labs PICBASIC™ and PICBASIC PRO™ compiler.

The main editor provides full syntax highlighting of your code with context
sensitive keyword help and syntax hints. The code explorer allows you to automatically
jump to include files, defines, constants, variables, aliases and modifiers, symbols and
labels, which are contained within your source code. Full cut, copy, paste and undo is

provided, together with search and replace features.

e Full syntax highlighting of your source code

e  Quickly jump to include files, symbols, defines, variables and labels using the
code explorer window

e Identify and correct compilation and assembler errors

e View serial output from your microcontroller

e Keyword based context sensitive help

e Support for MPASM



Below is the step to use the using MicroCode Studio software in ELCB project:

Step 1 : Opening New File
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S DD . -
N3 0000 =04
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- o || Caprrigii s S0 fielewer VIIF. . GACTSAEEEESn
211 Mgl Beverres
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T
B frerciosser risaans ridssre ridares ciiarnne ridaees o
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Step 2: Selecting PIC Model
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........ e T e o e e e e i A
L) aLr
Zasi # VIR, . OCTON oRrrom)
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Step 3: LCD Coding
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Step 4: Define Variable & LCD Display
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Step 5: Programming ELCB & Counter
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After all steps above is done, the PIC is ready to write by using CYTRON USB

Programmer.
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4.3.2 CYTRON USB Programmer

UPOOA model CYTRON USB programmer comes with PIC programmer
hardware and also WinPic800 software. Both hardware and software are use as a
medium to write the C-language in the PICI18F4550. CYTRON USB programmer
UPOOA provides an effective and low-cost solution in developing wide range of
Microchip PIC microcontroller. It is a compact yet powerful programmer that can be

used in either desktop PC or laptop with USB port and requires no external power

supply.

The complete set of UPOOA USB programmer is equipped with a 40 pin
universal ZIF socket that provides 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. 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.

Features:

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

e 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.
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Package Including:

e UPOOA Programmer Unit

o USB Cable

e User Manual and Programming software in CD Rom

e 6 months warranty against factory defect only

Figure 4.8: CYTRON USB Programmer

4.3.2.1 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.



oy N

T

Figure 4.9: Plug-in 40-pin Microcontroller

By clicking the icon shown, the programmer will detect the type of PIC on the

Programmer.

= WinPicBOO - 3.55b

4.3.2.2 How To Program The PIC Microcontroller

To start writing the C-language in PIC18F4550, first run WinPic800.exe software;

File Edit Device Settings Language Help

= - = % % % % | 7 & |[ricr|® || 1sFs720 =]

Q Code ?ﬂ Data 0 Setting QDetect FIC ':f.s'g h: 4
O0x0000: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................ ~
0x0008: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ......... 00010 =
0x0010: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
Ox0018: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0020: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
Ox0028: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0030: FFFF FFFF FFFF FFFF FFFF FFEFF FFFF FFFF .........¢.c0000n
Ox0038: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0040: FFFF FFFF FFFF FFFF FFFF FFEFF FFFF FFFF .........¢cc0000n
O0x0048: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0050: FFFF FFFF FFFF FFFF FFFF FFEFF FFFF FFFF .........¢cc0us0n
O0x0058: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
nwnNnaN: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . .. . ... .. _.... )
Har = Cyteon TPO0A - #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.

WinPicB00O - 3.55 b
File Edit Device Settings Language Help

= - HE & % % % & |rcr| || 18r8720 =]

0 2 2

E.EEJde 4 pata & setting 8 R 44
0X0000: EF1A FOOD FFFF FFFF D014 FFFF FFFF FFFF  ......... To..... ~
0x0008: FFFF FFFF FFFF FFFF CFD8 FO061 CFE8 FO60 ........... a...” &
0x0010: CFE0 FO62 C062 FFEO CO60 FFES €061 FFD8 ...b.b... ...a..

0x0018: 0010 0011 FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0020: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0028: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0030: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0038: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0040: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0048: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0050: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
0x0058: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ................
nennan: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF . . . .. ... .. —_

Har > Cyteon TTRO0A - #0

X

open 21|
Look in: | () MCS | e B crE-

rﬁ MCS
lm\
Saved Filed From

NicroCode

File name: Iianganeditttttt j Open I
j Cancel |
F

Files of type: I*.hex
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3.

Configure the Setting

WinPicB00 - 3.55b -0l x|
File Edit Cevice Settings Language Help
E~- ¢ | | % % B % | 2 |p1c F |rﬁ-j| 18F4550 |j

I:& Code ?il Data = detting

| BB %% I o

on/off

- MOscillator

—-WMatchdoyg- - config -

IHS oscillatar, HS used by USB
—CPU System Clock-

-0=zcillator Selection-—

oCco4
1E1F

= |1:32?58 -1
z

[P divicte =

IDivided by 5 (20 MHz input)

0ooo

j [ weRIE 3

- whor - - BErowm—out Beset —
[z0v x| |Enabled in hardw. anly (SBOREN is disabled) 7|
TTE FETIE
[T FcMEM [ copemx [ STVEREN J !
[T cro [ EETEHD r
[ 1Es0 [~ pEapEN [ LUE " wete
[T cr1 [ EBTEL I uwere |
" wpriosc 7 XINST (= opp [~ EBTRZ =T
" woTEN [~ merme [T OICPORT [ oppg [~ ppppe
B FrmnE | e = cr IFFFF IFFFF IFFFF IFFFF

Hae.> Cyteon TTRO0A - #0

Program the file to PIC by clicking the icon shown.

WinPic800

- 3.55b

File Edt Device Settings Language Help

& - HE % % % % 7 % |[pcrQr|] ere720 [ 7]

(g Code i3 Data _'chlprogramnll ing 2L B ik
0x0000: EFChH FO2E 0012 FFFF EFE4 F0O2C 0012 FFFF ........... e A
0x0008: 0104 5118 0B6D 42E8 42E8 42E8 42FE8 42E8 Q.. B.B.B.B.B
0x0010: 0900 EOO1 DO55 5119 0AO07 EO51 OAOB EO4F ..... ug....Q 1]
0x001&: 0AO07 EO40 0OAOD1 ED2C ODAODB EO028 O0AD2 EO026 @ = { &
0x0020: DAOD3 EO22? 0AO0S EO012 0AOD1 EOOE OAOF EO0ODA O S ooooooo 2]
0x0028: 0A03 E001 DO3C 0100 OED1 &FEO 0100 OEOD4 ..... CSooooooons
0x0030: 6FE7 DO36 D836 DO34 DS990 DO32 0100 DED]l o..6.6.4...2
0x0038: 6FEO0 0100 OEE9 6FE1 OEO0 &FE2 0100 93E8 o..... o O.....
0x0040: 0100 0OEO1 6FE5 DOD24 DSAS DOD22 DEF4 DO20 s "
0x0048: 0100 OED1 6FED 0104 511C 0100 6FE1 6BE2 1] o.k
0x0050: OEEA 27E1 OEOO0 23E2 0100 93ES 0100 OEO1 ! L iooooooooo
0x0058: 6FE5 DOOE 0100 OEO1 6FEO0 0104 511C 6AEA o0....... o 0.3
NxNNAN: NFEA AFEY9 NFENN ?292FA C414 FFEF DONT DOAN X.n .. b
Har = Cyteon TPO0A - 0 DIAPICA720HEX
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A confirmation window will appear, click Yes to proceed programming PIC.

‘= WinPic80D

|Q code 5: _Prngram - 18F8720 vdd @ A:B h F T
Opern ; TR
Confirm [Z| ..... 5 ~
8.B.B.B.B. -
<P j Confirm - Program Device D....0...0
L.
=] ' {(...&
| FERR ] — .,
o R e
Ca bt |
o 4...2
0x0038: 6FED Full-speed USE CRU-1700Mhz & | q.....
0x0040: 0100 | | Close this window when finished S
0x0048: 0100 OEGT SFfFE0 U102 JI1C U100 BFEL GOLZ o...0...0.k
0x0050: OEEA 27E1 O0EOO0 23E2? 0100 93ES 0100 O0OEO1 L
0x0058: 6FE5 DOOE 0100 OEO01 6FED 0104 511C GAEA oO....... o...0.3
Nx=NnaAN NFEA AFFE9 NFENN 29FA C418A FFEF Dnni nnnn W M Z

Har. Cytron TRO0A - #0

D:IPICT20.HEX

WinPicBOO - 3.55b
Edit Deyice Settings
ey - g -
i E, WinPic800 retd =]
|E2 Code 4 Program - 18F8720 vdd & T T
PIC detected -> 18F5720 Al -
PIC iz Erased .: Ok | e 1
[ Verifying during programming ] _I B.B.B.B.B =
Programming Code ...: 65536 word _] ....0...0
. -
0x0020: OAO3 = 5% | =,
0x0028: 0403 Cancel | Progress B
0x0030: 6FE7 5 S : ; e 1...2
0x0D038: G6FED Full-speed TSB Pqm- Lms CPU - 1700 Mhz | E -
0x0040: 0100 | | Close this window when finished R -G
0x0048: 0100 OEOTBYED OI0T JIIC OI00 OIEL GOEZ ettt | B gl n 8l
0x0050: DEEA 27E1 0EO00 23E2 0100 93E8 0100 OEO1 S | I
0x0053: 6FE5 DOODE 0100 OEO1 6FEOD 0104 511C 6AFA D....... o...0.3
NxnNnan NFEA AFF9 NENN 29FA C414 FFFF Dnnd nnnn = n. o % 0000 :
Har = Cytron TR0 - #0 DAPICAT20HEE
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When it is completed, the window will show the status. Click Accept and the PIC is

ready to be plug out.

* WinPicBOD - 3.55b
Flle Edit Device Setkings  Lan Help

- 2 |

L = WinPic800 el =]
|E2<:T £ Program - 18F8720 vdd @ R T S
0x0000: EFCH SR snL 8 ; |

I .....: Dk 4

0x0008: 0104 Config. : Ok F.BE.B.B.B. |
Dx0010: 0900 Data ...: Ok = p....p...0
0x0018: DADT i O, -
0x0020: 0403 | 00 | §------ .
0x0028: 0403 Progress g | EER
0x0030: 6FE7 : 4...2
0xD038: &FEO Full-speed USE Pigmi- 1ms CPU - 1700 bhe R T
ox0o040: o100 | [ Close thiz window when finished e
0x0045: 0100 OFOT OrFEO OIOT OJIIC OIO0 OFEL OOEZ o...0...0.k
0x0050: OEEA 27E1 OE0OO 23E2 0100 93E8 0100 0OEO1 T UL, | PO
Ox0056: 6FE5S DOOE 0100 OEO1 6FEO 0104 511C GAEA oO....... o...0.7
NxnNnan: NFFEA AFES NFREON 22FRA C414 FFEF Dnnl nnnn = n. . 0" 0L 00000 o ]
Har.>Citron TTPO0A - 0 DiAPICET20.HEX
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4.3.3 PIC Driver Circuit Hardware

Figure 4.10 shows the hardware circuit for driver PIC. These hardware been
installed for AR-ELCB control element circuit. 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 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.

A

Oscillator | N -
20MHz [y

Figure 4.10: Control Element Circuit



4.4 Programming Flowchart
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Figure 4.11: Flow of programming software
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From Figure 4.11, When a fault occur ZCT will sense the imbalance current and
then it will induced a signal current. This signal then is send to the PIC microcontroller
via sensing circuit. PIC microcontroller then will send signal to trip the 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 counter will be reset. Meanwhile if there is fault occurred
instantly after the ELCB is turning back to on, the ZCT 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. The ELCB then will be tripped

as to isolated connection of load with power line.

4.5 Programming Description

For starting programming PIC18f4550, Microcode Studio-PIC BASIC PRO
chosen because this is simpler software and user friendly. Firstly, the oscillator must be
defined according the crystal used in circuit. So, it set to 20. Then, LCD port and bit
defined followed by define the analog-digital converter (ADC). In ADC, we must
consider in define the number of bits, the clock source and the sampling time in
microseconds. After that, the data to send to PIC must be identified by use VAR
command. So, three data is identified to give some command in program which are
datal, i and j. Volt use to set the program to operate at greater than $40 byte ( 1 volt in
actual value). 1 and j use to make counter in program. Then, the output and input pin of
PIC define by using command TRISA and TRISB mean port A and B used. So, 0 is set

for the output, and 1 use as input.
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Begin of the main part of program, IF use to make choice or comparison at two
probability. The first counter 1 is used to count fault, meanwhile j is used to reset back
counter 1 if data there is no data entering port Al in delay of 5 second. When program
start, 1 and j are 0 and the count did not start yet. During normal condition, where there is
no fault port B2 is high and port D1 is low which indicated the solid state relay is in
operation and the buzzer is off. Let say if there is permanent fault like short-circuit in
network, port Al will always detect voltage $40 byte because the short circuit is
continuous. The counter i count from 1 and there are still detecting VOLT, because each
fault detect is less than 5 second, thus counter j cannot count and cannot reset the
counter 1 resulting in increment of counter i from 1 to 2 and from 2 to 3. After the
counter i reach 3, PIC will recognize fault, LCD will display SHORTCIRCUIT, port B2
will be low and port D1 will be high which the port are for Solid State Relay and
Buzzer. Meanwhile if lightning fault that occur, signal will be send to port Al after the
lightning strike and counter 1 will count as 1. Because there is no second lightning and if
there is, the delay for voltage signal reach port A1 must be greater than 5 second, thus
counter j will count to 5 and will reset back counter i to 0 and the LCD will display
Lightning Fault. Then the operation of PIC will back to normal which port B2 will be
high and port D1 will be low.

4.10 Summary

The use of PIC microcontroller has made the system more reliable, acting faster
and there is always chances to modified the microcontroller soon especially if there are
changes in hardware system. Besides it has reduces the cost and space of control circuit,
compared to the use of fully mechanical controller components like 555 timer, portable
counter and separate Analog to Digital Converter. The programming for PIC18F4550
also is easier with the existence of PicBasic Compiler (MicroCode Studio) and PIC USB
programmer with WinPic800 especially for the programming that involve only one input

port.



CHAPTER 5

RESULTS & DISCUSSIONS

5.1 Introduction

In this chapter results and discussion for the whole development of Earth
Leakage Circuit Breaker with an Auto Re-closer Unit (AR-ELCB) process will be
described. The result that will be discussed in this chapter is for the data measurement
of Zero Phase Current Transformer (ZCT), calculation designing converter circuit and
the result for the whole ELCB systems. The calculation in this chapter is depends on the
result of measurement of ZCT. It is due to the ZCT function as the first sensing device in
the system, only system with the accurate sensor and sensitivity can achieve the
objectives. 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.
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5.2 Measurement of ZCT

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 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.

Case 1
lin= 13A
Life : -
¢
[l | ) ] LOAD
Neutral B —
lout= 13A
-Because lin=Iout, there is no induced current produced by the ZCT
Case 2
lin=13.1A
Life

—. am) ! LOAD

I |
e, _./ _./

Neutral

lout= 13A

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

Figure 5.1: Operation of ZCT
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The 6A 240Vac single phase Motor and 1A Bulb has been used as the load for
this experiment. 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 ZCT by using this method is over 100mA which are the same of
lightning that >100mA. The objective of this experiment is to find 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 5.2 and Figure 5.3 show the load bulb

and motor that is use for the experiment.

Figure 5.2: 1A Bulb Figure 5.3: 6A Motor

To measure the ZCT induced current, only live line supply is passed through the
ZCT. Meanwhile the neutral line will not passed though it, so the ZCT will get a high

imbalance current which are the values of current that flow through the live line itself.




Table 5.3: ZCT Induce Current
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Bil. With load 1A (lamp) With load 6A (Motor)
1 26.5mA 684.1mA*
2 58.2mA 141.3mA*
3 29.8mA 67.3mA
4 28.6mA 301.4mA*
5 235.3mA* 381.2mA*
6 28.5mA 68.7mA
7 129.7mA* 208.3mA*
8 60.5mA 71.96mA
9 214.1mA* 68.11mA
10 29.3mA 106.9mA*

[Note * =because the sensitivity of ZCT is 100mA, all the value over 100mA,

will make the ELCB tripped.
Note**=ZCT give different value because the induced current is surge current

From the table above, it shows that the different between ZCT induced current

when using 6A motor is higher than when using 1A bulb. The highest reading get is

effect from the surge current of the load. The reason why motor induced more current is

because motor draw more current at startup compare when it running. Data shows value

from motor greater then value from the bulb because the current for the motor (6A) is

greater than bulb (1A), so the coil will produce more electromagnetic field in ZCT. The

experiment i1s done with two different loads to show the relationship between supplies

current and induce current. In other word the supply current is directly proportional to

the induced current. That’s mean if we are going to use load with 10A current, it will

induced more current from ZCT.
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Another factor that is affecting the strength of the induced current is how much
round the coil is wrapping around the ZCT. It has been proven by winding lot of

wrapping wire around ZCT effect in higher value of induced current.

5.3  Measurement of Op-Amp Voltage Output

Output voltage from op-amp is use as input voltage signal to PIC. This voltage is
variable because we can vary the PIC to operate at certain range voltage with different

sensitivity. So, variable resistor used in order to control output voltage from the Op-amp.

ZCT

Figure 5.4: Op-amp Circuit

Input op-amp 1is current from ZCT that has been converting to voltage through
the 150ohm resistor. It is then amplified by LM358 accompanied by 20k variable
resistor. Motor run and reading taken after it show a constant reading. At one point the
value of the output voltage is fixing and it cannot increase any more. It is because the
LM358 Op-Amp has voltage limitation which is useful for low voltage application.
Since the output voltage of Lm358 is lower than 5 volt, it need to be send to Analog to
digital converter (ADC) because other port cannot read data value other than 0 volt and
5 volt. ADC will read the value of output Op-Amp in hexadecimal >$40 and then it will
always make comparison between the reference value and the induced output voltage.

Table below shows the voltage output from op-amp



Table 5.4: Output voltage from op-amp
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Output voltage of op-amp can be calculated by using the theory formula based on

the gain of the amplifier circuit. Because PIC microcontroller can receive whatever

value of input voltage in the ADC, this experiment shows the relation between current

and voltage through the op-amp.

5.4  Arrangement of Fault Model

Fault model is very important in this project to demonstrate that this circuit is

functioning and also so that reference Value can be made base on the model. 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 weather the ELCB is tripped or

not. Meanwhile the motor used to produce the induced current sufficient to trip the

ELCB. To make it operated, the life line of the motor is passed through into the ZCT

while neutral wire is place outside.
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By doing so an unbalance current will be detected by the ZCT thus make it able
to induced current. Meanwhile both two wire of load (lamp) will placed into ZCT to
prove that when the motor is switch off there is no induced current, thus the ELCB will
not tripped. 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.

Figure 5.6: Fault model arrangement circuit
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Project Results

Based on testing and experiment, the results of this project are show as below:

il

11l

1v.

V1.

vil.

Viil.

This Auto re-closer unit is operated accordingly and it can be integrated between
controlled device and programming

We were able to use the microcontroller to replace human to switch on or off the
power ELCB.

The new ELCB have successfully built, it operating just likes the command
written and it can be differentiate between permanent and temporary fault.

Zero Current Transducer must be sensitive enough to detect and produce induced
current which are suitable to protect the Circuit @ Load.

The ELCB tripped the circuit for 5 second and followed and make the buzzer
sound before it re-close back to the normal condition.

The ELCB permanently disconnected the circuit if the circuit detects the leakage
continuously. The ELCB will re-close for the cycle of 5 times before it will
notify that the fault is permanent fault via the display of LCD and the sound of
buzzer. The circuit will only back to normal condition after the user clear the
permanents fault manually.

LCD will display according to the fault that it identified weather types of fault
exist, temporary and permanent.

Zero phase current transformer produce enough current signal when it tested by
using higher load current, that’s mean it can be used in resident because
maximum load in the resident is normally <30A and the minimum current it need

to trigger the ELCB is 100mA.
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5.6 Discussions

From this project, what we can discuss is:

1. Information about auto re-closer ELCB 1is not sufficient, because the
development of this project is still and there currently no auto re-closer ELCB in
the market. The process of measuring the ZCT does not have the guideline.
Besides the sensitivity of 100mA is the standard use by IEEE, thus we need to
use the current setting so that there is no fatal error or hazard occurs.

11. Analysis the ZCT is pretty hard due to small sensitivity and small induced
current. The device like power quality analyzer should be added in the laboratory
so that it can used to detect the change in value of the induced current and can
take one as the reference.

1il. The lack of source and references for his project in the development so
everything that new must be creatively thinks how to solve although there just
minor problem. The combination self measurement and datasheet information

help a lot.

5.7  Summary

According on the results and discussions in this project, there are some important
things that could be consider in order completing the whole auto re-closer ELCB system,
it is the sensitivity of this system. Through the experiment of the Zero Phase Current
Transducer (ZCT), the sensitivity of the product or device depends on the strength of the
ZCT. 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.



CHAPTER 6

CONCLUSIONS & SUGGESTIONS

6.1 Conclusions

The objectives of the development of Auto Re-closer Earth Leakage Circuit
Breaker were successfully fulfilled. Which are first by designing an auto re-closer ELCB
which can be operated better as the nowadays ELCB. The new ELCB can be operated
with more efficient which are by making it automatic system that only required less
human observation in order to operated it. Thus it makes human life easier that way.
This project that utilized the use of PIC microcontroller, electronic switch, driver circuit
and sensing circuit has successfully integrated between each other. In other word the
synchronization between each circuit which is supply circuit, control circuit, sensing
circuit, switching device and information display via LCD make it can operate with each
other without any problems. The combination of analog electronics knowledge,
autotronics knowledge, Microprocessor knowledge, power electronic knowledge and
individual self skilled method to create the new circuit is important in order to make this

project success.
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The use of LM7805 voltage regulators have increase the efficiency and reduce
the cost of the system compared to by using the transformerless circuit. The use of Solid
State Relay compared to heavy power relay have increase the reliability and
effectiveness of the project, even thought the cost of Solid State Relay is higher than the
cost of Heavy Power Relay. So for simulation it better to use solid state relay because
we can adept the system directly to the resident. The PIC18F4550 as a brain has made
the system more reliable for modern technology and the input, output, timer and delay
for the system can be adjusted by changing the programming command. This also has
improved the ability of Earth Leakage Circuit Breaker with an Auto Re-closer unit. Then
the system also can act accurately besides can be improved the function by reprogram
the IC. 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.

6.2 Suggestions

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

1. For next improvement process the student must study the new auto re-closer
ELCB in detailed and make sure to understand so that any flaw of this ELCB can
be fix and thus a new upgrade can be done to make the ELCB more effective.

1. In designing the circuit, choosing the correct component device is very
important. The priority must be taken for the device spec, current rating, the
device endurance and the operation of the component.

1ii. Make a full analysis for the Zero Phase Current Transformer (ZCT) before
designing the device for converter circuit. Make sure use power quality analyzer
for analysis ZCT, the thing that must be measured is the sensitivity of the ZCT
and the output induced current of the ZCT. To make it easier try to get the
datasheet of ZCT from the device supplier.
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The use of Solid State Relay has already proven usefully, so in the future it is
recommended using SSR but with different rating. Currently for this project, the
rating of the SSR is 40A with input 5~24Vdc. So in the future it is better to use
30A with 5~24Vdc rating SSR because the resident usually does not consumed
higher than 30A besides the cost of SSR with rating of 30A is totally differ with
the cost of SSR with 40A rating.

Replace the bridge with 4 diode, array and connect it in the full wave rectifier
connection, it will reduce the cost of bridge that is really expensive.

For converter circuit the current LM358 Op-amp is already sufficient due to the
358 Op-amp just needs positive supply and ground to operate compared. But if
there is need for improvement, the user might consider other Op-amp with the
same spec but with higher range of output voltage such like LMC7111. Because
the LM358 Op-amp output voltage is limited and it cannot go higher than 2Volt.
Replace the 40 PICI18F4550 microcontrollers with 28 pin PIC18F2550
microcontroller. It is due to the PICI8F2550 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
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.

Beside that, I would suggest to use a current transducer, which could detect the
current input through power line, and then compare the current with the initials
current. With the use of current transducer, user might consider to replace the
ZCT over Current Transducer or by using both to improve the reliability of the
ELCB.

Other than that, a keypad can be added which can display any other menu. The
menu that can be display is current value, option to reset the ELCB and some

minor calculations
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X. The last future recommend that can be done is to design this driver in smaller
size on control printed circuit board (PCB). By using software DXP Protell, The
actual size of Vera board can be reduced to 1:10 from the original size of the

PCB prototype.

6.3 Costing and Commercialization

This part will describe the parts and overall cost of fabricating the Over Current
Protection Relay Using PIC micro Controller. This part also will explain the

commercialization of project.

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
260.15. But the actual price of the whole ELCB circuit is only RM 245.15. It is due to
the changing of component in the development process, besides there were the
components that do not function and need to be replaced during the hardware circuit
designing. The cost stated above is for the electronic and electric components that used
and involve in this project. The cost for the ELCB can be reduced by following the
suggestion stated in the suggestion section and also by buying the components in mass

quantity.



Table 6.1: The cost of components
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Device Qt | Model Unit Manufacture | Unit Extended
y cost(RM) | cost (RM)

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

-Vo

:12-0-12.

Output

-Power

:6 VA
Bridge 1 KBPC6 | -Vrrm:50V | INTERNATI | 6.60 6.60
Rectifier 005PBF | -Current ONAL

Rating: 6A | RECTIFIER
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
Resistor 1 150Q 0.10 0.10
Variable 2 20kQ 1.00 2.00
Resistor
Zener Diode | 1 5.1V 0.50 0.50
PCB Header |4 1.00 4.00
LCD 1 2X16 15.00 15.00

JHD16A

PIC 1 18F4550 Microchip 30.00 30.00
Connector 2 1.00 2.00
Solid State 1 G3NA- | -Vo: Omron 169.00 169.00
Relay 240B 240Vac
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-Vin:
5-24Vdc
Op-Amp LM358 MOTOROLA | 1.50 1.50
Fuse -0.3A 0.20 0.20
Toggle 1.00 1.00
Switch
PIC base 1.00 1.00
Op-Amp 0.50 0.50
base
Wrapping 15.00 15.00
Wire
Total 260.15

6.3.2 Commercialization

This project can be commercialize by built the new ELCB that follow the feature

that have been recommended in the suggestion section, it is due to the target cost of the

recommended ELCB is more cheaper than this new invention one. The estimated cost

should be around RM 200.00 only without buy components in bulk way.

The new AR-ELCB has the higher commercialize value because it can solve the

currently existence of ELCB problems.
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EARTH LEAKAGE CIRCUIT BREAKER WITH AN AUTO RE-CLOSER UNIT
PROGRAMMING USING PICBASIC (MICROCODE STUDIO)

DEFINE OSC 20

DEFINE LCD_DREG PORTB
DEFINE LCD DBIT 4

DEFINE LCD_RSREG PORTB
DEFINE LCD_RSBIT 3

DEFINE LCD_EREG PORTB
DEFINE LCD_EBIT 0

DEFINE LCD BITS 4

DEFINE LCD_LINES 2

DEFINE LCD_COMMANDUS 2000
DEFINE LCD_DATAUS 255

' Define ADCIN parameters

Define ADC_BITS 8 ' Set number of bits in result
Define ADC_CLOCK 3 ' Set clock source (3=rc)
Define ADC_SAMPLEUS 50 ' Set sampling time in uS

datal var byte

1 var byte

J var byte
adcon1=$%0¢
trisa= %00111111
trisb= %00100000
trisd= %00000000

main:



pause 1000
Icdout $fe,$80+4, "Tarmizi"
Icdout $fe,$c0+4, "EC 05004"

pause 1000
Icdout $fe,1

lcdout $fe,$80+1, "ELCB with Auto"
Icdout $fe,$c0+1, "Re-Closer Unit"

pause 1000
lcdout $fe, 1

i=0

j=0

loop:
adcin 0,datal

if data1>$40 then
low portb.2
HIGH Portd.1
Icdout $fe,1
Icdout $fe,$80+2, "Protection Off"
lcdout $fe,$c0, "Fault:Overcurent"
pause 1000
1=it+1

if i=3 then goto stopl

else

high portb.2
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low portd.1

Icdout $fe,1

lcdout $fe,$80+2, "Protection ON"
lcdout $fe,$c0+2, "Fault: None"
pause 1000

1

if j>5 then i=0

count portd.2,5000,timer1

' if timer1>5000 then i=0

endif
goto loop

stopl:

end
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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:

* USB V2.0 Compliant

Low Speed (1.5 Mbvs) and Full Spesd (12 Ma/s)
Supports Control, Interrupt, lsochronous and Bulk
Transfers

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

= On-Chig USB Transceiver with On-Chip Voltage
Regulator

Interface for Of-Chip USB Transceiver
Streaming Parallel Port (SPP) for USB streaming
tranafers {40/44-pin devices anly)

Power-Managed Modes:

* Run: CPU an, peripherals on

= |die: CRPU off, peripherals on

* Sleep: CPU off, peripherals off

* |die mode currents down to 5.8 pa typical

* Sleep mode currents down to 0.1 pa typica
= Timer1 Oscillator: 1.1 p& typical, 32 kHz, 2V
Watchdeg Timer: 2.1 p& typical

* Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

* Four Crystal modes, including High Pracision PLL
for USE

* Two External Clock modes, up to 48 MHz

* Internal Oscillator Block:

- B user-selectable fregquencies, from 31 kHz

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

Peripheral Highlights:

+ High-Current Sink/Source: 25 ma/25 ma

Three Extenal Interrupts

Four Timer modules (TimerD to Timer2)

Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 5.2 ns (TCY/ME)
- Compare is 16-bit, max. resolution 83.3 ns (TCY)
- PWM cutput: PWM resclution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Muliple output modes

- Selectable polarity

- Programmable dead fime

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bus support

Master Synchronous Serial Port (MS5P) module
supporting 3-wire SPI (all 4 modes) and [2C
Master and Slave modes

10-hit, up to 12-channel Analog-to-Digital Converter
madule (AD) with Programmable Acquisition Tims
Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

+ T Compiler Optimized Architecture with cptional
Extended Insfruction Set

100,000 ErasenWrite Cycle Enhanced Flash
Program Memory typica

1,000,000 Erase/Write Cycle Data EEPROM
Memaonry typical

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

8 x B Single-Cycle Hardware Multiplier
Extended Watchdag Timer (WDT):

- Programmakle period from 41 ms o 1312
Programmakle Code Protection

Single-Supply 5V In-Circuit Seria
Programming™ {ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

Optional dedicated ICDVICSP port (44-pin devices only)
Wide Operating Veltage Range (2.0% to 5.5V)

Program Memory Diata Memaony MS5P = E
_ . 10-Bit | CCR/ECCP E Timers
Device Flash (# Single-Word | SRAM | EEPROM VO | ap ichl|  (PWNY SPP sP1 Mzaster 8 E &HE-Bit
(bytes)| Imstructions | (bytes) | (bytes) FCcm™ E 8
FIC12F2455 | 24K 12258 2045 266 24 10 20 ] L ki 1 2 1/3
PIC18F2550 | 32K 18324 2048 266 24 10 20 Mo b i 1 2 1/3
PIC18F4455 | 24K 12228 2048 266 35 12 1M fes b i 1 2 13
FIC12F4550 | 32K 16334 2048 266 a5 12 1M N b i 1 2 13

2 2007 Microchip Technology Inc.
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RO & ive skweasts pin for COFS moll plasing

SNSRI Lcage ¥

Preliminary
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PIC18F2455/2550/4455/4550

TAELE 1-1: DEVICE FEATURES

Faaiursc FIC1aF 2466 FIC1EFZE6D FIC1EFd4EE FIZ18F4BED
Cperating Freguency DT = 48 M=z DC =48 MHz OG- =45 MHz CeC =48 M-z
FProgram Memory [Bybes] 24576 32TER 24E5TE ZZTEE
Program Memory [Insnaciions) 12ZE8 1835 1Z2=8 1E3B4
Ciaria Fdemiory (Blybes] 202 2048 248 2048
Ciata EEFRCM Mermory {Byies) 25E 25K 25 s
Imierrupt Soumes 12 15 20 20
i3 Pors Fors A, B, C,(E) | Porls &, 8,5, (El |Poris A B, 5, 0. E|Fois A B, .0, E
Timers 4 4 4 4
Caphuns ZompansF e Kiodules 2 2 1 1
Erkanced Capiunsy’ e o 1
CompaniFivkd Modules
Earial Communications MEEF, MESF. MEER, MEGF

Enfanosd USART | Enharosd USART | Enhanosd USAST | Enhanced UBART

Universal Seral Bus {UES] 1 1 1 L
kiUl
Eireaming Faraliel Fort [5FF) Mo Ho i isg

1321 Analog-fic-Cigital Module

10 Ingazt Channels

10 Input Channeds

12 Input Channeis

13 npaet Charmnels

Comparalons

-

-

-
L

-

Fesels (and Deiays) FOR, BOM, FOR, B0, FOR, BOR FOR, BOR,
PESET Irsiucion, | ResET Insinuction, | aeseT Instucion, | resET Instructon,
Stwck Full, Sack Full, Elack Fu Stack Ful,
Sieck Underfiowy | Slack Underiow | Stack Underdiow Stack Underfow
(FWNFT, 05T (FWNFT, O8T) |PNFT, CET) (PR, OET),
TCLR jopfonal), | LR {opfonal, | FCLR opbionar, | TACLCR cootional),
WoT WOT WOT WOT
Frogrammable Low-vokags g b i isg
Dietect
Frogrammable Bromn-out Aeset g L L isg
Insirucion Set 75 Instruchons; TS Insirucons; TS Irsirnuciions; TE Insiructions;
B3 wilh Exterded | B3 with Eviended | 83 with Exiended | 53 wiith Extend=d
nsfruction Saf rsruction Baf rsiructon Bad Instnuciion Set
enabied enanied enanied Enables
Factages ZE-pin FDIP 25-pin FDIF &7-pin FOIF 40-pin FOIF
Z8-pin SOIC ZE-pin S0IC &d-pin IFM dd-pin QIFH
-pin TEAF 44-pin TGFP

DT Wissschp TachsSagy I
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PIC18F2455/2550/4455/4550

FIGURE 1-2:

PIC1EF 445514550 (40/44-PIN) BLOCK DIAGRAM

Tak's Pl s

Cn Buaain

PO,
[TT H—[] rasapn
LTRFT
b [] T
[ TR T EN
b [] R TIC O U TR
PR M T LT 0T
— =] cnoacunomas

PO AR Sk TSI TRSD G T
EE SR TR ESDL
PR ' H T W
RESSRSCCRIN VR
Fhadh 11 E I S5F P

P EESSwa H P

P2 Eti w0 el
EETRCsPED

ARAR

!

RO TIO 0T 306
RCHIT DS DR IIOE

b—al5] reaccPuPA
O

15| rosmanp
FOATRADK

TS ST Toaiw bnct e p—r || RO MTTNE DD
:E:’;'_’:“' *'Cnrl'\d Szimm
o
e e [E— 3 1
e B "
oscsm [ ! RO PRAFD
X ROTSPETEAD
Tiom  [EH
L T 5 —
L | e Tiaar
F [ireerr-=
e ey T | o PORTE
i [T BEETAAMRTIE LR
RS E | agger T tan RO RIS
. ook Neor iz Biared Slang ECIWMTAOCSPE
TRET E"‘" 3 Safaane Wi LR
P l.:
T [Je—
BOR Tina _
LD [ ] mearil Tiris Timard Timerd
,r F Y F Y F Fy t.
* 1 a F L ] w " k
DT B oop2 Lt | ELUZART ,ff. usn

Eats = AEY oo iyeesd o5 TELE and | only svslisiie sten e TS Besin oos chaakies
i OECACLE] mwd SSCICLED are onfy mening & 17 w8 s o linis meaden 393 et e eas pira e o balng uaed oa dig i LD Relr
iz Gectian 240 “Oeciis or Canfigarszng” fr sdddaral plamirkan
Ic Thestss pra ors orly woaldebds on 443 0 TI0FF geckages urcer carisit congll oae. Be'sr i Sectian 256 “Sps=inl IEPORT Fasdursa
1D#agnmed Pecanges Dniy)” o7 peckizan invlorraiiza
dc AEY e siwmmrs ga o COF2 rull plasrg

DT Wissechip Tach=skegry ik
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TEBLE1-2:  PIC1AF24552550 PIRCUT WD DESCRIPTIONS

Fin
Number
Fim | Earflar
Fim Ham# CacoripSon
FOIF, Typs | Tep= =
j-Sulled
—_
MO SN P RES 1 ftasher Cle=ar {lnput} or programming vollage (nputl.
L BT Liasher Clear {Aeset] Inpet This pin s am acfive-iow
Fegad bo the deyios
VPP P Frogramming wofage input
REZ BT Digkal Ingrt
CEC1ACLK g Ciscliaior crysial or eaxiernal clock Input
CEC Anakog Crscilliabor crysial Input or exi=rnal dock sounce input.
CLE] Arakeg Exfemal clock sowrte Inpuk. Alvays associated with pin
fanclion OEC. {See OECACLED pin.|
CECT RTINS 10 Zsdlialor crysial or clock ouiput
o5 o —_ Ssclizhor orysial ouipul. Conneds o oysial or resonaior In
Crysial Csclisfior mode
CLED o —_ n select modies, CEC2 pin outpuls CLED wiich has 12 the
frequency of CECH and denoles e Instrucion cyde mis.
RLAE B TIL General purpose W3 pin.
Lagand: TTL = TTL comnpatible Ingut CMOS = CASDE compaible inpist or ouiput
BT = Schmitt Trigoer Inouf wiih CRCS beysis | = Input
O - Casfpul P = [FoweEr
Notes 1: Allemai= assignment for CCPZ when SCFZWG Configuration bit 15 cleared
2 Debwh assignment for SOF2 wihen CCFZME Configurabon bit s sas

CEIETIN pags 12 Preliminary oI Wil Tashnskegy I
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PIC18F2455/2550/4455/4550

TASLE 1-3: PIC1AF4455/4550 PINOUT N0 DESCRIPTIONS

Fir Murmiber
Fim Hama Fin | Eutar Diesoription
POF | N |TarFp | T¥ee| Tioe
|I'.-I$L1"-.'r='.1-'|E:- i 1& 15 Magter ClEar (Inpul) or pregramming wofage | irputl.
MCLR | aT Masier Clear Resef] Input. This pin 15 an acie-iow
Resel fo e device.
W P Frogramming wiaps Rput.
REZ | aT CHiglial Inpust.
S CATLE] 13 32 0 Crsclizhor crysial or eviemal ciock Input.
S | |#rezlosg Cmcllator cryslal Input or exisnnal dock source Input
CLE | |Anslog| Ewlemal chock souncs imput Alweeys associybed with
pin funcion OBC. (Bes CET2CLED pin.)
CECICLED AR 12 33 Eg | CrsacBishor crystal or clock oulput
CIEC2 o - Cacllanor crystal outout. Connecis 1o onestal or
resonalor in Crystal Cscilalor mode.
CLED o — In R miode, SECT pin oupuis CLED which has 12
Trex demquenicy of SECT and dencles Te Insluchion
Lyl o,
RAS Iz | TTL Gensmal purpose 12 pin.
Legend: TTL = TTL compatibie imput CRICE w CASTEE: compaiible Inpist or oot
ST = Echmill Trgger input with CHOE I=vels = inpat
2 = Sulput P = [Foer

Hods 1: Alemale sssignment for S0F2 winen COF2ARE Configurabon bR Is cleansd.
Z  Defoult assignment for S0FZ when CCPEVE Corfguration b s set.
3 Thess pins ar= Mo Connect unl=ss the ICPRT Comligusalion bit ks set. For NCACPORTE, the pin s R
Connecl unlzss |CPRT s setamd the DEEUG Configuration bil s cleaned.

DS 39EEIC-page 18 Freliminary o 00T Micsehip Tasinsiegy Ire
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TAELE 1-% PICAEF4455/4550 PINGUT KO DESCRIPTIONS (CONTINUED)
Pin Humiber
PIn Hams Fin | Surtfar Desariphicn
FOIP | GFM | Taer | TrPe | Trpe
FOARTA 5 a bidirecHonal KO port
FLADNASID 2 15 15
AL I | TTL Dugkal g,
A Araiog|  Anaiog mpulid
FLAATAMA 3 20 20
RAAd I | TTL Diglal WG,
AR Araiog|  Anaiog imput 1
RAZAN 2R REr- 2 Fa 21
S
RLAZ I | TTL Diglal WG,
A2 Aralkog|  Anakeg kpul 2
YREr- Aralog| AT reference volage (low] Input
Cnpr o |Aralog|  Anakog comparsfor rederence culput
FLAZIAMEAREr+ 5 on. 22
RAZ I | TTL Digkal 3.
ANE Araiog|  Anakog mpul 2
WREr+ Anaiog|  AD reference voliage (high) Inpet
UM TOCKLAC 1 STy B c 23
RCW
FLag I a7 DugRal g,
TOCH =T Times] exlemal clock Input
CigUT o — Comparaior 1 cutput
RCW TTL Exiernal LUIEH Tansoefver RCY Input.
FLAS ANATEE T 4 24
HLWDHMACZ0UT
FLas I | TTL Digal W,
Al Araiog|  Anakog mpuld
=5 TTL EP| slave smbech Input
HLETHN Aralog High'Low=50 ke Celect mpul.
C2ouUT o — Coomparaior 2 output
FLig —_— _— —_— — — Eee (he OECICLEDRAE pin.
Lagand: TTL = TTL comoatsi= input CRMCE = CAICE compafible input o oufput

=T

= [mpul
= Fower

= SChmIR Trigoer Input wilth CARDE |eysls

= ik P

Nobe 1: Allemais assignment for CCPZ when DOFZMX Confguration bit 1s ceaned
2: Dzl assipnment for S0E 2 wineen CEFZREE Configurabon bE Is 528
3: These pins =re Ko Conmedt wnless e ICPRT Configura@on it s set. For MOAOCFORTS,

Correct uniess ICPRT 5 52t and fre DESUG Corfigurabion bR = ceaned.

Imiz pin 15 Mo

o ET Bisschp Techsskegy In: Prelimina Iy
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TASLE1-3:  PICTBFL435/4550 PINDUT 10D DESCRIPTIONS (CONTINUEDR)

Fimn Humiber = uttar
Fim Hama in | B Dimgoripiiom
Fooe | @FH |Tare | TVRE| Time

FORTE Is a bidinecSoral 'O port. FORTE can be sofwars
orograrnmed for infemal weak puli-uos on all inpuks:

RBVAN12INTY 33 5 g
FLTIEELEDA,

RBEJ Iz | TTL Drigiial 15,

AMIZ | | Arekog Araiog nput 12,

INTD | aT Exl=mal mbemupt 0.

FLTO | ST Erkanced F#d Fauk input (ECICP1 module)

=) | aT EFldaan

S0 o | &T Fo™ gata 1,
RBE1ANTDINT IS0 3= 10 5
SCL

RE1 Iz | TTL Drigiial 15,

AT | | Analog Aralog Input 13,

INT | aT Exl=mal mbemupt 1,

BCK [ =] aT Eynchronous serial clock Inputioulput for 3P mods.

aCL [ =] aT Eynchronous serial clock Inputioutput for i mode
REZAMEINTZAVRC 35 11 10

REZ I | TTL Chiegital 1135,

AME | | Arekog Araiog Input 8.

INT2 | aT Exl=mal mkemupt 2.

WIS a — Exlemal US3 ransceiver WS ouiput
REZANIICOFZFED 36 1z 11

REZ Iz | TTL Drigiial 15,

FUE] | | Analog Araiog Input 8.

copil o | &T Capfure 2 imputiCompare 2 culpute 2 ouput.

WRO (] —_— Exl=mal UES {fransosiver VPO ouiput
RE4ANTEEINCSEPF| 37 14 14

RBL I TTL Drigital 143,

AT | | Anekog Aralog nput 1.

KEID | TTL Ini=rrupi-or-change pin.

C3EPP ) —_ EFP chip seisct control culput
RBSEEHPIM 38 15 1=

RBS Iz | TTL Drigital 143,

KEI | TTL Inierrupt-or-Changs pin.

PG [ie) aT Low-ofage W5F™ Frogramming srable pie.
RBSEERPIC 38 1& 1E

RBS Iz | TTL Driegiial 13,

K22 | TTL Inferrupi-or-changes pin.

PGC Iz aT Ir-Cimouit Cebugger and ZEP programming ciock pin.
REFEEEPID th| 17 17

RET I | TTL Chigital Li3,

KERZ | TTL Inierrupt-or-change pin.

PGLE Iz 5T Ir-Cirouit Cebugger and HZ5P programeming data pin.
Legemd: TTL = TTL compafsie kpul CHOE = CADE compatible Inpast or oot

ST = Echmill Trigger inpul with CHMOS Ieaels w Iripast
O = Sulput o = Fower

Miofte 10  Altemale sssignment for S0F2 winen COP2ME Configuratorn bR = ceansd.
F  Defaull assignment for SOF2 when CCP2WE Configuration bl s set.
I Thes= pins ar= Mo Connsct unl=ss the [ICFRT Comliguraiion bl s sel. For MCAICRORTE, e pln s R
Connect url=ss ICPRT I s=t and the DEBUG Corfigurafion bt Is ckeaned.

DS IETIDpags 13 Freliminary o 0T i hip Tashnsiegy Inc
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TAELE1-E  PICISF4455/4550 PINCUT 'O DESCRIPTIONS (CONTINUED)

Pin Mumibar
2n Name Pin | Sattar Decoription
FOIP | GFs | Tarp | TrRe | Trpe
FORTC |5 abidirschional B0 port.
RCOATIOEDITY SC®] 15 34 iz
RCO 13 a7 Digkal 3.
THCED ] — Tirmesr! icesclliovior castput.
THA3CK] =T Times1Timer3 exiemal dock Input
CATISENCCPZ! 18 35 35
LHCE
RCA 13 8T Digkal 3.
THCE! CMCE| Timer csdiaior input
copzil vz | st Ciaphure 2 InpuiCompare 2 culputPWe 2 cuiput.
TCE o — Ewierral UEE fransostyer T oupul
RO2DCFUPA 17 36 3E
c2 s =T Dugkal .
CoP1 s a7 Capture 1 InputiCompare 1 culput PSS 1 cuiput.
Fi& o TIL Enhanced SR P culput, chamne] A,
RCATD-T 2= 42 42
RC2 TIL Digkal Input
G- 13 —_ LIEE differsniial minus Ine [Inpebiouipaet)
Wt TIL Ewiernal LIS ransoetver Wi Input
CED=NP 24 43 43
RCE TIL Digkal Input
O+ 1 —_ LIEE differsniial phos e (nputiculpu].
WFE TIL Exfennal LUEB fransosiver WP Inpet
RCETXICK 25 44 dd
RCE [Ls: 8T Digkal 0.
X ] — ELUSASRT asynchronous iansmE
CK st a7 ELSASRT synchronous ook {see REGTT].
RCTIRETTEDT 25
RCT 13 8T Digkal 3.
RX a7 ELUSASRT aspnchronous recefve,
OoT 1 a7 ELSASRT synchrorous data (ses TXCKL
=S o —_ EP| datn oot
Lagand: TTL = TTL comoabi= input CRCE = CRICES oompatible: Input o cufpul
BT = Schmi® Trigger inpui with CARDE leveis = [rpul
3 = Cuipt P = Fower
Hobs 1. Slemais assipgrment for CCP2 when SEFZME Confguralion bt | cleamed
2 Detsuht assprment for DOF 2 winen COPIAE Configurabion bE Is 5=t
&  These pins ar= Ko Connect uniess the ICFRT Confipuraion il s se=t. For NCACFORTS, he pin Is Ko

Conmect unkess |CPRT 15 521 and the: DESUG Configuration bR I cieaned.

L .|
o FUET Wil Tachaskgy e Preliminary OS308320-paga 19
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TASLE 1-3; PIC1F4455/4550 PINGUT M0 DESCRIPTIONS |[COHTINUED)
Fir Murmiber o
Fin Hama In | Butter Decaription
Fooe | @Fn (Tare | THR®| Troe
FORTD Is & bidlrechoral V'O pord or & Srsaming
Faralie] Fort [(SFF)L Thess pins fase TTL Input buflers
wineen the SFF module |s snabled.
ROCEFPD 5 = =5
RECC [ =) aT Criglial 13,
SFFD Iz | TTL Sireaming Faralie] Fort daia
ROAESF 20 = =5
RO [[j) aT Drigiial 13,
SFF I | TTL Eireaming Faralie] Fort daia
ROZEFPZ | 40 40
ROZ [[j) aT Drigiial 13,
SFF2 I | TTL Eirsarming Farallel Fort data
ROZEFP3 22 41 41
REC3 [ =) aT Crieglial 13,
SFF3 I | TTL Eirsarming Farallel Fort data
RO4EFFL ) 2 Z
RC4 [ =) aT Criglial 13,
SFFd I | TTL Eireaming Faralie] Fort daia
ROEEFPSEPIE 28 3 L
ROS [[j) aT Drigiial 13,
SFFS I | TTL Eireaming Faralie] Fort daia
P1E =] —_ Erkanced SCFT PR oulput, chanme] B.
ROEEFPEPIC 29 4 4
ROE o aT Chiegiial LH35,
SFFE Ik | TTL Bireaming Faralkel Fort data
[ b o —_ Erkanced SOFT PR output, chanre] C
ROTIEFFTPID 4| 5 5
ROT [[{) T Cregiial 13,
SFFT Iz | TTL Sireaming Faralie] Fort daia
P10 L] —_ Erkanced COFT PR output, chanrme] D
Legemnd. TTL =TTL oompadioie mpul CHOE = TMOE compatibs Input or ouipet
ST = ESchmili Trigger Inpul with CHMOE Ievels w Izt
2w Julp P = FoweEr
Mofts 10 Alemale yssignment for S0F2 winen COP2ME Configurabon bF [s ceansd.

F  Oelault assignment for SCEFZ when SCPZVE Confgurafion bi
Thiszes pins are Mo Connect unless the IDFRT Configusalion bt ks sel. For HCAICFORTE, the pin s Ro

L=

S SEL

Connecl unl=ss ICPRT s set and the DEEUG Coanfigurstion BE s cleansd.

S page 20
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TAEBLE 1-3: PICIEF4L 5504550 PINCUT WO DESCRIPTIONS (CONTINUED)
An Humibes
RIn Hams Fin | Barfar Diecoriplion
FoIR | @Fu | Tasp | TAPR | TrEs
FOATE k& a bldrectional 1°2 port.

RENAMSCE1ERF B i 2

RED 13 8T Duglal 3.

A Anakg Analog mpul &

CEASPF o —_ EPP clodk 1 oulput.
RELMNELCKIEPF 5 i - 28

RE1 1z 8T Digial .

AR Arakg| Analog bpult s

CKZSPF o —_ EPP clodk 2 output.
REIAMTOESPF 1a i a7

REZ | L T Digial 3.

AT Araleg| Analcg eput T

CEESFF o — EPF oulput snabie gufput.
REZ —_ _ _ _ — | See MCLRVPRRES pin.
YiES 12,31|e. 30| 28| P — | Ground reference for ksgic and KO pins.
Yoo 1,22 7e || P — | FosHies suzply for oglc and W0 pins.

25, 29

Yusn 15 £y ay o —_ nk=mal LSS 2.3 wolage reguizbor oulout
HCACCHIcPEc - | = | 12 Mo Conmect or dedicated ICDHISEST™ port clock.

(e vz | ST n-Circult Detegper clock

ICFGE 1 aT 5P programming chock
HCACDTACRGDN — | =1 12 Mo Conmect or dedicated ICDHICES port clock.

10T vz | ST n-Circult Dezugper data

ICFGED | L T CSF programming daka.
HCTERETCYeel —_ —_ 33 Mo Connect or cedicatss ICOOCEP port Resst

ICRET — aster Clear (Resel) mpul.

ICvprR F —_ Fragramming wokage Input
HCACFORTEN - | - 34 F —  |miz Conmect or ZEpIn gayvioe emuation.

CFORTS Enable 25-pin devios emukabon when connecied

o e,
HC — 12 —_ —_ — | Mo Comnect.
Lagand: TTL = TTL comoatols inpui CHMCSE = CRICES: compatible Inpul o output
ET = SchmiR Trigper Input with CARCE jeyels = Irput
i3 = Cuiout P = Fower

Hobte 1: Al=mai= asshgement for CCP2 when SOFZRX Confguration bt s de=amed

2. Detaull assipgoment for DOF 2 winen COPZRNY Configurabon bE |5 528

3: These pins ar= Ko Conmedt uniess the I2ERT Configuradon il

5 s&1. For MOOCEORTS, 1he pin s Ko

Conrect uniess ICPST s 21 and fhe DESUG Configuration b s ceaned,

—————
T Wisssch p Tachssdkagy Inc
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20 OSCILLATCR
CONFIGURATIONS

2.1 Qverview

Cevices In the FIC1BF2A55IS50M4S5RSED family
Incorporal= & dffer=nt csclisfior and mlcroconirolier
clock sysiem than previcus FICTSF devipes. The add-
fan of the USE modul=, wih B unigue reguirements
fior a siable dock sowre, make It necessary o peoside
& separste clock source fhat s compllant wilh bods
USE low-speed and Tul-speed speciicabons.

To apcommidaie these reguirements, FICHIBF2455
ZEE4EEMEEN devioes Indude a rew Clock branch o
proside a 45 MHz chock for Tull-speed USE omerafon
Sinoe |t Is driven from the primery clock source, an
addHoral system of prescalers and postscalers has
been addssd o accommodale awide range of oscilabor
fresquencies. An oyverddew of the caclistor stuciume =
shom In Flgure 2-1

Ofher osclalor fealures wsed I FICIE enhanosd
microconimoliers, such as the intemal osciishor blosck
and clock wafiching, remaln e sames. They an=
glzorssed laker in this chapier

2141 CECILLATCR SONTROL

The aperastion of the cscillabor In FIC1BF285572550
445504250 devices ks oonfrolled Srrowgh e Comfigu-
radon regisiers and tao coninol registers. Configurabion
reglsbers, COWFIGIL and COMFIGHH, select fhe
escliztior mode and UES prescalerpostscaler options:
Az Comfguration bits, these are et when the deyics =
programme: and |=f In ffat corfigoraon unll e
device |5 reproprammied.

The 320N register {Register 2-Z) selecls the Active
Clock made; It 15 oeimarly used In conlroling cloack
swbching In power-maraged modes. Hs use Iz
clscuszed In Sescklom 241 “Ocolllator Comdrod
Fagletar”

T SECTUME regster (Raglsi=r 2-1) I usad o tim
the INTSC Treguercy sowre, as well a5 selech fhe
lor-Trequency clock sourcs hak drives several spedal
feapturas. B3 use |z descrsed In Ssoblon 2.2E3Z
S0RCTUNE Reglebsre

2.2 O=cliator Types

FICAEF e S aIved S/ 50 devices Can be operales
Ini bweetee disfinct oscilialor modes. In contrast wikh pre-
wious PEC1E enhanced micromonirolers, four of hese
modes Irrsoive e use of teo csdisior hypes at ono=
Users can program the F3ECHFOECD Configeradon
bits fo select one of these moes:

xT CrystalResonalor

MTFLL CrystaiResonalor aith FLL snabled

High-Spead CrysalResonatnr

HSPLL High-Spesd CrysialResonator

with PLL enanled

Extemal Clack with Foso’d ouiput

ECIO  Ewtemal Clack with W0 on RAS

ECPLL Exirmal Clack with FLL =nabied

and Foso'd oulpet on RAR

8. ECPH> Extemal Chock with FLL enabied,
17C: an RLAE

5. INTHE Imi=rnal Osclilstor wsss as
microoenioler dock soums, HE
Cscllaior wsed as 'S8 clock source

10 WTXT  Ini=nnal Cscliator wsed as
micronioler dock source, KT
Osclilaior wsed as |USB clock sournce

11, NTIC  imiernal Oscilstor usss as
microonioler dock source, EC
Cscllaior wsed as (5B clock source,
dightal 1'Z on FuAB

12 INTTED imizrnal Oscilator usss as
microonioler dock source, EC
Crsclilator wsed as \USH clock source,
Foscid autpul on RAR

221 OECILLATOR MOTES AMD
LEE ORERATION

Eancauyses of e unbque regquiremenis of i LESE moduke,
a difterent aporoach o ciock operation B necessany. In
previous PICY devices, all core and perphemal docks
were drisen by a sihgke csdiafor sowre; e wsusl
SOWTES Were primary, secondary o The inbemal osdiz-
lor. \Ath PG &R 2d ER0ERESSEET devioes, The pri-
mary oscllalor becomes part of e UEB modul= and
cannot be zssoclaled i any olfer dock source. Thus,
17 LEER modesls miust be cincked fhom e primany chock
sowte; however, e microconiroder core and other
pariphieraly can D separately Clocked from ihe second-
ary or Inlemal cecliziors as belore.

Eecause of e Sming requirements imposad by LSH,
an Imiernal chock of sithes & BHT or 48 MHz B reguined
whll= the UEB module s =rabled. Forfunstety, the
microconroler and olher perdpherals are ndt reguined
Iz run &t this dock speed when wsing e primeary
osdlialor There ane remerous opbions 1o achlese the
LS8 rrigduie choc k requirement and 58l provdce Sexiol-
by Tor ciocking e restof the device from the prmary
gsclialor source, Thess are delylsd in Sagton 2.3
“opalliator 2a8inge Tor U3ES.
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FIGURE 2-1: PICASF2455/2 550044554550 CLOCK DI&GRAM
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2322 CRYETAL OECILLATORICESAMIC
RESONATORS

n H5, HSPLL, XT and XTFLL Csclalor modes, &
onysial or ceramic resoralor Is connecied fo the SECH
and CSC2 ping o establish osdiation. Fgure I-2
shiows The pin corneciors.

Tre osclistor design requines the use of 3 paralsl cut
onysial.

Mofe:  Use of a series out crystal may glse a e
guency out of the crystal manuisciuner's
specificaiions

FIGURE 2-X CRYSTALICERAMIC
RESONATOROPERATION
[&T. H& OR HEPLL

CONFIGURATION,)

-i,m

) Qs .
I
KTAL 1 R V| Loy
) B l ].“'"
o PIC1E8FX N

ol

Fcle 0. Sae Tabw 2-1 asd Telie 2-3 150 bl weloe of
1 and C2
2. & i rinlor [R5 TraE S resulied o AT
Sl cpikal
1 HF carkd with lfe asclaEs mode chizsen

TEELE2-1: CAPACITOR SELECTION FOR
CERAMIC RESONATDRS

Typlual Capaohor Valuss Lsad:

Muods Fr=q e oEc2
AT 4.0 MHE i3 pF I3 pF
HE S0 KHZ T pF 27 pF

160 MHE 11 pF 21 pF

Capaotbor valuss ars for design guldancs only.
These cagachors wers b=sted with e rescralors
Isi=d below for basic start-up ard cperabion. Thecs
waluuag ars mot opbimized.

Dfferent capachor waues may be requined bo procuos
scCeplabie oscliator operalion. The user should st
he performance of ihe osclishor gver the =epecied
WDD and emperature range for the appiication.

Eee ne roles folowing Tebie 2-I for addilional
riomnation

FReconatone Usad:
4.0 M-z
8.0 NHE
16.0 WHE

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL QECILLATOR
Ly | TGl Camaattor values
— -m;qu 1 Teated:
1 o2
uT 4 MHz 7 oF 7 pF
HE 4 MHZ 7 oF T eF
B M-z I3 pF =
20 M 12 oF 15 pF

Capacfor valusc ana for decign guidanos oniy.

Thieses camaciboms were bested wih fhe crystais Isbed
beoa for asic slari-up and operabor. Theos values
ars not opdimized.

DCittferent capecibor values may be reguirsd fo produce
acoeniable osciiator omeradion. The user showld t=st
the periomance of e csdialor over fhe expeched
00 and i=mperabure range for the application

Sex th= nol=s following this tabke Tor addions
Inforration.

Cryehale Usad:

4 Mz

B MHz

20 MHE

Hobe 1: Higher capackance iInoeases e siabilty
of osciEior i also Increases the
start-up time.

Z When opemiling below =y Voo, or when
using ceriain cEramic resonators ot any
voliage, It mey be neosssary io use the
HE mode or safhch o a crystal oscliator.

& Elnce sach resonston'crysial bas Bs own
characherisfics, the ussr shoukl consult
th= resonaioricrgstal menufsclurer for
anpropriale values of  exbemal
comocnenis.

4 R may be required fo avold osendriving
Crysials with low drive kel specification.

£ Almmys werty osdiaior periormanos over
the Voo and femperofere range fhat s

mxpeched dor S anoilcation.

A Infernal posisoaler mlows users io select & Clock
Treguency oher than atl of the crystal or resonshor,
Frequency division Is deferminsd by fhe GPUDHN
Corfigursion mils. Llsers may select a dook frequency
of the osdimior frequency, or 412, 43 or 1id of the
Trequency

An eviemal dock may aiso be used when e miono-
conimler s in S Cscliator mode. In this case, the
CECACLKD pin 13 left opem (Figure 2-3).

DT Wissech p Tach=skegy I
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FIEURE 2-3: EXTERMAL CLOCK INPUT
OFERATION [HS CEC

CONFIGLRATIOMN)

iy —l '\'.-'\-\."—I- [l |
B Sptan |- FICHBFEXNY

Open -—| omey  (HIMaS]

225 SETERMAL CLOCKE IMFUT

The EC, ECIC, BECFLL and ECPID Cscllzshor modies
require am extemal cock source o be comrechead do the
25C1 pin. There s ro oscliakor stark-us Sme rsoulned
wter 3 Power-on Reset or aber an sk fom Sesn
TiodeE.

n e EC and ECPLL Csclizshor modes, e oscllator
frequency disided Dy 4 k5 avallsble on the CSC2 pin.
This sipnal may = used for best punpos=s o 1o
pynohronize ofer loglc. Figurs 2-4 shows the pin
oonmections for the EC Ceclisfor mode.

FEFEURE 2-4: EXTERHAL CLOCK
INPUT OPERATION
|E: &HD ECPLL
CONFIGLURATION)

"o,
S fgsm -—[ :::-:-—l- koo L BT
Ba S L FICHBFEHNY
FOGCi e ROV LR

Thee BECI0 and ECFIG Ceclialar modes funchion ke the
EC and ECPLL moes, ewcept that the SSCI pin
eecomes an addifonsl general pupose 1D pin. The WO
pin b=comes ik £ of PORTA (RAS) Flgue 2-£ shows
i pin conmections for the ECD Cediatior mode.

224 PLL FRECUSHCY MULTIPLIER
PICASF2450 e e oe e na desyices Includs aFhase
Locksd Loop (FLL) dncuit. This is prowided speciicaly
for USH appilcations wih lower spesd cecilaiors and
car also D usad a5 A microcondroiler chack sounce.

The PLL Is enabless in H5PLL, XTPLL, ECPLL and
ECFO Osdliaior mod=s. | Is- d=skgn=d o prpdec= a
feed € WMHz refepence clock from a fiwed 4 MHET nput
The oulout can then e dividss and wsesd for ot e
LISE and e micooonroller oore clock. Because e
PLL Fas a The=d fr=gquency Input and ouiout, hens ans
eight prescaling oplions b match S oscllabor inpot
frequency o fhe PLL

There |5 also 3 sepamiz posEcaler option Tor derting
the microooniroller chock from the FLL. This allows e
USE perpheral and microooninoler 1o use fhe same
peciliabor input =nd SI0 operate At diferend clock
speeds. In contrast fo the postscaler for XT, HS and EC
mades, Ine yvalatie opfons are 172, 13, 14 and 1%
of in= PLL oulput

The: M5FLL, ECFLL and ECFIO modss make use of
th= HE moce cscliaior Tor freguenciss up b 45 MHz
The crescaler diides the oscliafor Ingaet by uo b 12 o
produce the-d MHz drive for the PLL The XTPLL miode
car anly use an input frecusncy of 4 BHz which drives
the FLL direcily.

PLL BLOCK DIAGRAM
{HS MODE)

FIGURE 2-&-

FEURE 2-5: EXTERHAL CLOCK
INPUT OPERATION
|ECID AND ECPIO:
CONFIGLURATION]

g Fgm .h__'\{.—l- ety Lo LA

Ex Span |- FICIBFXXIX

&Y o] L OELTDY

The Imi=rnal posiscal=r for reducing chock freguency In
XT and HS modes s also avallabie In EC and ESO
mizdes.

HSELECEERT Uiy Esgbg—
Ll Eraba—

[Pare COMPIGH Ragan)

Fhass

Saciin=r| gy Lumpmi
astt :‘1""" Four| |

Loop

Fin |
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40 RESET

Thie FIC{SF225S0 0500 Ed SEifS2]] dewicms cHeraniais
bekasen sarkous Hnds of Reset:

a)  Power-on Feset (FO]

bl MCLR Fesef durng nomal cpsration

c}  MCLR Fesef durng poeer-manasged modes

@ \Aalchdog Timer {07 Resel {durng
Eweoudon]
=) Progmammable Erowneout Reset (B0

i pEsET Irstruction

g1 Sack Ful Regei

ki Sock Underlos Reset

Tris secHom clscusses Resels gensraisd by TGO
FCR and BOR and oovers e operation of 1he varous
siartup Heeers. Slack Resef evenls are coversd
Ewotlon B.1.2.4 “Etaok Full and Underfiow Recabs’
WDT Besels ans covered In Jeoklom 26,2 “Natohdog
Timeer [WOTH

A simplfied block clagram of the on-chip ReEset cinouit
I shoen In Flgure £-1,

41 RCON Ragleter

Device Riage] aymnis are racked through the RSO
regisier |F=gisier 4-1]. The lower Thee bils of the megis-
l=r Indicafe That a specfic Reset &yent has ooounred. In
most cases, Fuese bl can only be deared by the event
and musl e 524 by the applicafion after the syenk The
shale of 1h=s= Tiag bis, tak=n jopathe=r, can b= r=ad In
ndicai= e type of Feset thatl Just cocumes. This ks
described Inomore delall in 3eckion 48 “Aeced Elals
of Raglchars™.

The RCON register aso has confrol bis for s=Hing
Inbemept oriorty {IFEN) and sofware comtal of the
ECOR (EBOREM|. Iekemupt peiorty = discussed In
Sagtion 80 “inbwruple™. BOR s cowvered In
Aaation 4.4 “Srown.cu! Recat (S0R).

FIGURE 4-1: SMPLIFIED BELOCK DIAGRAM OF ON-CHIP RESET CIRCIIT
BELET
Inecion
=i ] hack Foldrelailors Mesal
Pzl

Exloimal Kassl o

[t
Wilh WL
0 OLE — "H.I
Slatp — _
W :
Irnm=anul [
L — “
VI M| IOH Pues I,
Dbt 1
WIn
Erraiecul .
Flawed 5
mn:u__l 4 g
;'355“_1“__ - T _'i| [y
[0 1038 Cpsbn _
— "" r—_ | —|_| -, __ | e Radst
F—for 10-BR Rippes Coonte [— - A —
[t ] —F 4
I i - | |—| ’
I =1
1
| —= PART & A [
| = ||-u'.r-cp|:-l.'a:uﬂ-||——'1 |
| el
L— —— —— l: —_ —d Ertalis PVWHT
Enalis 057

Motz 1
I Sae ek -2 o Sne-tol sllalkn

Ths =15 18 THLD siurca From B inleirml oes s Beck and 5 Sep e om Ba B Ssedlaker o Ta DL pn

DT Wicsech p Tech=ohegy e

Preliminary

DS INEI20.raga &1



PIC18F2455/2550/4455/4550

47 Masier Clear Resst [MCLR)

Tre LR pin prosides & method for S5ggesing an
mrernal Resel of he device. A Feged i pererabed By
koicing thie pin low. Thsgs devipes have s noks= fber e
the LZLA Resst path which debecis 2rd ignones sl
pulsez,

Tre TGS pie ks mact drfeen low By any mkemal Resals
Inchksding the WDT

n FICEFIASS/ISE0M4SEEEET devices, T MCLR
inpit can pe dizasied with e MCLAE Confgorason
Bl When BCLR 55 dsablss, the oin becomes 3 digla
Irigal. B Bezflon T0LE SPOATE, TRIZE and LATE
Faglebers® for mors imormadon

4%  Power-on Rezet (POR)

A Powsr-cn Fesst pulse |z gensrale=d anechio
when=yer Voo rzes sbove & ceran threshoke Tris
alicws th= desice o slan in e inialzed slae whee
Voo s adequats for oparsion.

Tolake adeariapeof th= PSR cincedlny, Be e A5CLE pin
through: & resistor {1 50 80 10 kO) %0 Yooo This wil
eiminate sxiamal AC compomers usualy nesded fo
Create a Fower-on Aeset delyg & minloum rse rale for
oo s spaciiad (paramelsr DOCY, Sagbom 2B ST
Charssberictios” ). For a show rise e s Flgure -2

Wirpmr thie deioe stars romeal operation L, =xis e
Smzat condbon) device oparatng paramebers [eoll-
age, TEgquency bemperstore, mlo) most be met o
Enzune operadon i msse conclions e nod met ne
device st b heid In Resst sl fne opersting
omdion s are mas

ECA everts ans captured by the FOR it (RCON<1=)
T shaie of the B Iz o=l oo wheneyer 3 POR oooums:
H do=z mol crange for any ofer Rezet svenl. FOR i3
rot peaet b 'L by @ty hardware svert To capéure
mupe sverks e cser mancaly resaks fhe B b Y
In softsare fclicwing any POR.

1
DEPEI D pri g 48

SO0 Hiesclen Taclisszgry 1

FIGURE 4-2

EXTERMAL POWER-DM
RESET CIRCUT (FOR
ELOW Voo POWER-UP)

[TTE
FIAESFEXKX

Eafirial Poavir-an Raiet Sreul 5 Mol
ity I 0w WoO phetad-up sitp o B 8Os
Tha daie U 'migs dhdnge 5 epedfni
iy e ® W D0 o e St

w40 D b reeoc inrmmS b B0 PR s Tl
B virbipg 2isg aoida N doea el ik
IBe desksr & aclics apecleafizh

HE 2 1 kD w40 e iy e Sewdng
mltrr-llhnul:qn:l.n ., B il
OF M LULRAFF pon Dieibcdcsn IJJII:-.I:H-:h:-
dalk Oechaige (ES0) of  Elciacs
Cranralimsn (B0
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2.0  MEMORY ORGANIZATION

Trers are three fpoes of memory i FIC1E enhanoss
microcontrolier devices:

" Frogram BeEmory
* DCala SAM
 Dala EEFROM

Az Harvard archilecture devices, the data and peooram
mEmories we separle Dusses iz allows for oon-
cument acoess of the fwo memory spaces. The data
EEFROR, for pracbcal purposes, can be reganded as
A periphemldeyio= since ltis addressed and aco=ssed
throuph & s=4 of conirol regisiers.

Addboral defaled mformalion on the omerafion of e
Sash program me=mory kB prosid=d In Zsoflon 8.0
AFlach Program Memory?. Caln EEFRCM Iz
clsorssed senarshsly in 3eablon T “Data EEFRCOM
Mamory™.

§1  Program Memory Organtzation

FIC18 microconirolers Implement 3 21-bE program
counisr wihich |3 capable of sddiressing a 2-fdbyi=
DrOQrAT Moy Space. Anc=ssing a locabor batwesn
I wpper boundary of the physicaly Imolemenisd
meemory and the 2-kogte ador=ss will retum all 'o's {a
wWoF Irslruction].

The FICIEF2455 and FICIEF&EE sach  have
24 Ebhytes: of Flash memiory and can siors up b 12 328
dnge-wond  nsructions.  The FIEABFIEED  and
FIC1BF455] mach haps 33 Kigies of Fiash memory
and cam shors up o 15,384 single-wond Instnaciions.

FIC18 cevices have twd Infemupt veciors. The Resel
veitor address & at DO0O0Dh amd e Inl=mupl wecior
addresses are at D00sh and 0012k

The program memory meps for FICISFX4ES and
PRC1BFESED devices ans shown I Flgur= -9

FIGURE 51: FROGRAM MEMORY MAP AND STACK FOR PIC18F24 55255044 5504550 DEVICES
PIC1EFX 468 FRC13FEEED
| [ ] I g ]
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1.1 2RCGRAM COUNTER

Th= Frogram Counber {PC ) specifies e address of e
nsimaciion G d=dch for egeculion. The FC s 21 bis wids
ard |z confalned In fhree separai= S-bik reglshers. The
ow byde, knoan as the FCL pegister, I3 bolh readabls
ard wrilabli=. The high byde, or FCH r=gisher, conlains
e FCoi 5B bis; K s nof dinecily neadabie or wrilabis.
Updales fo the PCH register are perfomed through the
FCLATH regisher. The upper byl |5 called FCLUL This
megister corlains the FO<201e= bis: E Iz aso not
drecily resdable or wrfiable Updai=s oo the PCU
register ane perfomed hrcugh e PCLATU repister

The confenis of PCLATH and PCLATU are ransienmed
fio e program counisr by any cperalicn hat wies
FCL. Simlady, the upmeer two bybes of = progmam
counser ane fransfemed fo PCLATH and PCLATU by an
operabon fhal reads FCL. This Is wsedal for compuled
ofgat b T PO (soe Jagbion £1.41 “Compoied
BOTO™)

The P addresges. bytes in the program memory. T
oreyend the PZ from Becoming misallgred with wond
nsinaciions, the Least Significant bit of FCL s fived io
5 wakee of 2", The FC Increments by 2 o address
sequential instructions: In e program memarny.

The csil, RCALL and @oTo  program  oranch
nsinaciions wrfi= o Ge program counisr diecly. For
oo Insfructions, fhe conienls of POLATH and

FCLATL are nof rarst=rned bo the program: counts:

1.2 RETURK ADORESS STACK

The refurm address stack allows any cominafon of up
2 21 program calls and Int=mepls o oocur. The PBC s
pushad onio the stack when 8 CALL oF RCKLL Insiuc-
fon ks sxpecuied or an kberupt 1= Acknowisdped. The

FC walos ks puled off e siack on & BSTULK, BRETLR OF
5 BETFIE Insmuction. FCLATU and POLATH ane not

wTected by any of he ASTURN oF CRLL Rsiudions.

FIGZURE 5-2:

Thee stack operaes as & 31-word by Z1-bit RAKM and a
E-tR Sack Folnter, ETEFTR. The siack space s mot
part of either program or data space. The Btack Foinker
ks readatie and wrilatle and e addr=ss on the fop of
the siack 5 readabl= and wrilabie fhrough e
Topof-Siack Speclal Funchion Regisk=rs. Data can also
be pushed fo, or popped from e siack, using thess
regisisrs

A CALL bepe Insiruciion causes & push omlo e siack.
Thie Back Folnker Iz st incrememiss and 1ne incation
poni=d b oy the Sack Polmizr s wrilk=n with Se
corkenis of the PC (already poifing %o fhe nstruchion
folowing S CALL]. A RETORE Gios Instuciion causes
a pop from I sfack. The comsrs of te location
poinied B by The STEFTR ane fransfemed o the FC
and then fne Stark Polner [s decremenizd

The Siack Forber Is Inillalizss b ‘zoeon afer al
Resets Ters s 0o RAM associsted wiin ihe: iocation
correspandng o a Stk Foirker valus of ‘aroen’; this
ls only a Reset wale. Sialus bils Incicabe F the siack iz
full, reas overfiowed or Miss undEriowec,

5121 Top-o-33ck ACD2ss

Coby the fop of e r=fum address shack (TCOSD Is
readabis and wiitabke A set of three regisiers,
TOSUTOESL TOEL, hold fhe comienis of the siack loca-
bon poinled fo by the STEFTR regisier (Figure S-27. This
aliows wsers ioimplement 2 softwane siack H necessarg
ASEr a CRLL, MCALL OF Ink=mupd, the sofwane can read
the pushed value Dy reading ihe TOELTOSHTOEL
regisiers. These valles can be placed on & ussr-defined
softear= stack. A relum e, the softear= can =um
fhese waluss o TOSLTOES TXEL and doa refum.

Thee user must disable e giobal imberrupt srabie bils
whie= acoessing fhe stack bo prevent Insdverient siack
corrupdon.

RETURN ADDRESE STACK AND ASS0CIATED REGISTERS

Top-of-Elaok Raglclars
TS TCESH TCEL

T O I |

b ]

o

Return Addrecs Mo CI0:00x

11110

1110 Elmok Pointer

L STHFTR=4:0=
- -
-

1 o=

OOTAZER | 2o0il g

e e TiOEFOE-ElAC K
[l of - =20

obll .I

oopbD
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52  PIC18 Ingtruction Cycle

521 CLOCKMNG SCHEME
The micreconimoler dock Inpui, whether Trom an
riterneal or exbemal source, ks inbemaly dhvided by four

o geperabe four non-overdapoing quadraurs Clocks
(o, @2, 33 and O indemally, Te program counier s

022 INETRUCTICN FLOWIFIFZLINNG

A Sirstrucfion Cyde” consiss of four @ cyckes: G
IFrough G2, The Instneciion felch and sreculs ans plp=-
Inedin such amanner thal a fefch fakes ome Instnaciion
cycl=, whils th= decod= and execule fak=s arolh=r
nsruction cyde, However, due to the pipelning, =ach
nstuction affecheely Evecufes I ore cyde. H an

ricramerded on avery 21; the kstuchon Is feiched
froem hie program memony and lxiched v e instuc-
Hon Register (IR) during S4. The Insfruction [s dacodes
and =emculz=d during the dollesing Q1 throuph 24, The
ciociks and Instnacfon ez=cufion fow ar= shown B

Insruchion causes fhe program courder o changeE =.g.,
soTel, BhEn e cyder are requined fo complste e
Insruchion (Exampe 53]

& felch cyrle begies with fhe Program Coundsr (PSD
noeEmenteg m 21

HAgure &3,
Ini he myecuiion cpole, the felched Instnacion |5 alched
Inko #he Insineciion Reglster RS In cycle &1, This
nsruction s then decsded and sxecuisd during the
J, 33 and 34 cycies Dals memory s read dusng G2
[operand read] and wrifen during 4 (desination
wrtis].
FIGURE 5-5; CLOCK/IINSTRUCTION CYCLE
Io@d | @f | | @4 | G0 | OF | O | G4 | 30 | G2 | 2F | oo |
et | o e L e Ty 8|
@ \ [ — — I
Qz | J ’ | ! E | 4 w—l] 1= lerrmal
ox | £ ! y 1 ! [ % !]r:-.::;:
S I i I J |
RS P i PC+F i FEad I
== L] — —
(R il r— e ——
I Eesats ST (50 - 41 I I
I Falzh IWST (B Cmersas IRET (PG 1
Falh PIST 50 = 01 Tewmis FaT PCeal |
Faiza ST J5C + 4} |
EXAMPLE 5-5; INESTRUCTION PIPELINE FLOW
Towd Tizvd Tarl T3 Tiored TCYs
1. EOVIH E&h | Fetznt | Ewecul
1. MOVER FORTR Feich 2 Eweiube 2
1. ERA ETR_1 Fisbh 3 Eweouie 3
4. BEF  FONTA, BITi (Forced RO Fefich 4 Flushi iNoE])
E. Inrtrostizo & sSdesar STH ] Felch SUS_1 | Exacuie SUE_1 I

Mobs: Al Instructions ame singls cycle, Evoept for sy orogram branches. These ke teo cycies sinoe the fahd
rsfruction s Mushss from the ol peines whils fhe new instruction ks eing fehohed and then spsoulss

O IET Missehip Tach=skegy e Prelimina ry DS3n8 il raga &1
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2.2.3 HETRUCTIONS IN PROGRAM
MERORY

The program memory 13 scdressed In Dyles, nsic-
fons ar= siored &5 two bytes or four bytes In program
memory. The Least Signficant Byt of an Instucion
wond |5 aways slored In 3 program memory kcadion
wilh & Even address (LS00 = o) To manian algrment
wilth Instnecfon boundaries, 1he PC Incremens In sisps
o 2 and the LS wil akyvays resd o0 (see Saotion 5.1.1
SProgram Courdart.

Figure 5-& shows an sxample of o Insinucion wons
are siored In R program remaony.

The cart and =oT0 Instruchions hase e absolube
program memary address embedded mbo e Insiruc-
bHon. Bince Instructions are siesys slonsd om wond
boundaries, the data conialned I the Insinecton = &
word address. The wond sddness Is wrillsm o PFC<20:12,
which acossses the de=sired byle address In program
memmory. Instucion £2 In Figune S-4 shows how ihe
IPsruciion, coro  ooask, B encoded In e program
mermory. Program branch insiructions, which enoode a
refative address offset, omerabe Inihe same manner. The
oftsat value siored & branch instruction represenis. fhe
number of singie-word Instruciions Sat the FCowill b=
oftzes by, Escbion 28.0 “nctruclion 8ot Surenary™
pravides further detalls of the restruchion =t

FIGURE 5-4: INSTRUCTIONS |N PROGREM MEMORY
Fiord Addnema
LEE =1 LEH = [ *
Fragran Mamnory OCS0n
Entw Locilera — 40 g )]
LIC LD
LCLE D
Ireatrucsen | HOYLH [ 541 ] g Sh OoSh
Irealiucen 2 [rapai] [=1d&h EFh I LDLCE N
FLIE [ )] DUCLEILh
IFabiucs®en & wover 125h, 4E4h Cih 23h oGCEn
L SR LC LA TR
LS LA 12
[ E

T.24 TWC-WORD INETRUCTICHNS

The standard FICHE Irstrucion set has dour feo-word
nsineciions: caLL, MOWFF, SoTo and 1sFE In oAl
cages, e second word of the Instructions always has
1111 as ks four Most Sigrbicant bilts; the cther 12 b
are IReral dafa, usualy adafa memory sddress.

The use o ‘1111" In the 4 MSbs o an Insiucion
specHies & spedal form of Nor H the Rsiucton Is
ayecui=d In proper seguence, mmedaisly afler the
first word, the dais in the second wond s accessed and

EX&MPLE 5-4: TWO-WORD IMNETRUCTIONS

used by the Instneciion s=guence. H the st wond Is
skipped for some reason and the second word 13
eweouted by llzef, a pop Is exscul=d insi=ad. This Is
necessany for cases when he teo-aord Instrucfion Is
preceded oy a cond®onal Insruction that changes the

C. Example -3 shows: how fhis works.

HMobe:  Ses Escflon 6.6 “Frogram Memory and
e Exisndad Incirucion  Zst” for
Irformation on tec-word Inslucion in the
extended Rstrucon st

CAEE 1:

Cijecs Code Souas Code
[ 011la caio daco pOOd | TEIFEED IEG1L : im IRM locatiom O7

1144 9001 4910 DO1l | MOVER EEGL, BEGD ; Bo, skip this wexd
1111 S100 4183 ©lld ; Emacote thisr wozd as & NOF
0Old S100 49480 CO0d | ADDMF RIS ; cootimus cada

CALE L

hjecd Code Sowos Code

0114 0110 4900 pOood | TEIFES LEGL : im RRM lecstism 07
11dd 9001 99310 0O11l | WOSTFR EEGL, BEGE ; Yawr, axacuta this ward
1111 100 4183 Ella : 2nd ward cf insezuctiom
oold o100 J4990 pood | RODHE BEEE | cootinus cods

ST pags B2 Preliminary o308 Riesseli p Taslnskegy (e
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FIGURE 5-5: DATA MEMORY MAP FOR PIC1SF2455/2550/4 45504550 DEVICES
W A
BER<L:0= Taaka M=mary Map ‘
The BES Iz lgromd and he
R oo P EEE: . ACDegs Ba'.'f'l‘: AE-
] Barkl @ b — — — — oeoh The Trst 35 bytes ar=
==h GFR oFER O general punpioss RAM
. oo 00h {fror Eark 0.
Eark 1 GFR Yy The remalning 160 Dyl=s ars
FFh 1FFh b1 Soecial FuncHon Regishers
-1 . oan Z00h from B2k 150
—F E=nk 2 GFR |
e 25n AT A L
- 011 . Omn 200h The ESR speddfes i bank
= EBark: GER uzad by the Instnoction.
FFh IFFh
- oan 400h
jmates . Earkd april
FFh 4FFn 3
-1 oon Z00h
+—» E=rk = apsil
FFh IFEn |
-1l oan E00h 1
+—# E=rkE aprilt 1
zz- — _ Anpacr Emnk
- 11 _ omn _ T00h ! - aoh
s EErkT Gprill _J"-:_:cﬁiﬁ._.'.-' E.-.-_ Fh
23] -"'E:Ir-nl Aprcess RAR Hgh| #0h
oan £ 4 iEFAs) FFh
-1
1 Eank 2 !
Urusai |
P Fead as 00% !
mELL Bark 14
=En EFFI‘
-1113 £on Unazed ;I—t, {
—_— Barki1s [T T T T 7 T
— SFR FEdh |
Fn FFFh
Wods 1: Trese banis also s=ree 33 FUAAY ufer for USE cperalion. S== Ssollon 5.8.1 SUEE RARF %or mors
riormation

1
S8 GEE Cpage B Preliminary o 0T Mkeweip Tastnskegy e
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FIGURE 5-&: USE OF THE BAMK SELECT REGISTER |[DIRECT ADDRESSING)
: :’IE"’EI“ i 50= Dt Mamory - . I'|u1|l\'Jl|n:|j||'h o
i|lo|o|alD]al1]1 Ba~b . il1]1|1|21]1f1]1
Lofalafaefola]a] e (2[2fe]a]a]a]a]s]
. ;1- - Bask 1 . - .
B 4 | — P
k. Sebac] A5 |:-1.ID ]
Bash 2
i rFh -4+
=
=
Eroegs R
pd Bank 13
R F¥h
Ehn S
Eark 14 .
Fon= P
Bl 1%
FFF= F¥h
Mote 1 Tha Rotedm HAM bl of 158 inflfcclon San b used B iSite &% Semide o 150 selechd Binn [BESR<I0e ) 1S
W sagpalais el T Licedm Ha=h
2. Thae EIVET rofiucicn enissls T ends 120-50addies in T mdnslon

533 BCCEES BANE

Pirilz fre use of the BSS, with an emoecded B-bE
address, aliows users o acdress e enlne range of
alx mramaory, B also meses st the user must aheays
mnzure fal the comec! back b selscisd Slheraise
Zala rmay be r=ad from or writi=n bothe wrong locadon
Thiz can e dlsasirows Fa GFF s fhe Imtended fargas
of an operafion Dot an SFR kB writer o Inskead
arifying ancior changlng the ESR for sach read or
wrile fo cala rmemory cam beoome wery IneTiclent

To sreamline access for e most commonky ws=d dats
memory lncations, the data mesmory ks comfigured wit
an Acoess Bank, which allows users o acoess a
mapes bock of memory afhout spedtying a BER
The Acress Bank corsksls of e fiest 96 bydes of
memory (DCh-SFh) In Eank 0 and e last 160 byies of
memory {B3r-FFh) in Bkoack 15. The iower half 5 Enoawn
ag e “Access FART and & composed of SPRs. The
upper haf Is where the devics's SFRs are mapped
Thess T a3 ars mappsd configuoushy n e
Aocess Bank and can be sidressed In a lirear fashion
by 2n B-bF address {Flgure £-55

The Acoess Eant & wssd by cors PRC1E Insfiruclions
that inchuie e Access RAM bt {ihe ‘2’ paramster =
the irsruction Wher ‘" ks sgqual io "1’ e Irstrucion
uses (he B5R and the B-bit address indudsd In The
opoode for fhe data memory address. When 2’ 5 'o°

howeseer, the imstuchon s foross bo use the Access
Eank xidress map; the curreni vaue of The E5R &

ignored =nbmeky.

Lising this Toroed” addressing aliows the instuction 1o
Omerate on 3 data address moa single cyoie wihoul
umsiating the E5R Tret. For 8-bh asdresses of 60k and
amoye, tis means ek users can evalale and cperake
on SFRS more effickently The Acoess RAM below E0h
ks & pond place for data values thai the user might meed
lo access mapdly, such =5 Immedale compulational
resulis or commeon program vardables. Access RAM
alno alows for faster and more onde =Ticl=ni comeyt
saving ard swliching of warables.

The mapping of e Access Bark |5 sighdy diferent
wrer ine extended nstruchion set s enanied (KINST
Corfiguraon ot = 1], This is discusssd In moee Setal
n dectlon 623 “Mapping the Aoosss Bank In
Induxed LHsral Crifcet Mods®

.34 GEKERAL PURPOEE
REGEETER FILE

PiC18 devloms mray haee banked memory In the GER
ar=a. This Iz data FLAM which Iz avaliabls for use by al
nsructions. GPRs slart at e bollom of E=rk O
[addr=ss DOCh) and grow wpsands howands the bofom
of He EFR arma. GPR: &= mot FEalzsd by oa
Power-om Resel and are unchanged on al olhes
Rzl

LT Wcsach p Tachesiagy It
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10,0 MO PORTS

Cepending on the deslce selecisd ard fealures

enadied, thens arz up bo fve ports avallabie. Some ons

of the 'O pors are mubolexsd win an allemaie

funcHon from e perdoferal festore=s on the deyics In

general, when a peripheral Is enazied, that pin may not

b= used &5 & general pumpose 1S pin

Each port has three registers for s opemtion. Thess

resplehers ane

 TRIS regisier (data dirschion regisier)

" POAT regisier {reads the levels onthe pirs of the
device)

" LAT register [oulput laich]

Thie Dais Laich regisier (LATA) I8 useful fior resd-

modify-wrti= operabons on fhe value driven by e 110

pires.

A simpifi=d model of 3 genedc 112 port, wihout fhe

rierizces o oifver peripherals, b= shown In Agure 10-1

FIGUIRE 10-1: GEMERIC /0 PORT
OPERATION
R LA
“uin )
= ] o o
R LAT = w0 pirll
o PORT ':_L
Tiniw Laich
Lo o
JSETRIS K
TRES Leich
[ Johe
ROTRE I~
| T o =]
H
ED ROET ' —l
Heds 1: WO pinin Ares dod s prodeciiz iz Voo anad W

10,1 PORTA, TRISA and LATA Reglstars

FOATA ks an S-bit wide, bidirectional port. The come-
soonding cala dirsciion regisler |3 TRESA. Setting a
TRESA DR {= 1) will make ihe comesponding PORTA pin
an Inpist {Le., put the comesponding oulpul diver In a
kigh-mpsdanos mode) Cleafng a TRISA bt (= o) =

make fhe correspansing PERTA pin an owipulb {Le., ot
fthe comenis of the cutput faich on fe sejecied pin).

Rexzing the PORTA reglslsr reads the sistus of the
pins; writing to It will wrik= o the port lalch.

The Dats Lalch regisher (LATAS Is also msmory
mapped. Read-modPy-wiile opemions on fhe LATA
regisier read and wrile the aiched culput value for
PORTAL

The RS pin 5 mulipl=xed afh the Timerd module
dock Input o b=come the RALTICE] pin. The FUAE pin
s masipi=e=d wilh e main osclialor pin; | is enabled
as an osclishor or 1D pin Dy the ssischion of the main
osdialor In Confipursfon  Regisker 1H  (zes
Saation &1 “Configuaton BESs” for defalis). When
noft used as & port pin, RAS and s associaled TRIG
and LAT b ar= ress a5 'o"

RAd b5 sz mulliplered wiis the USE module; IE senes
az & repefver input from an external USE fransosiaer,
For detalls on configerafion of the \USE module, see
Zmabion 17.2 SUSE 2fabsc and Comrol®.

Beperal FORTA pins are mziipleced wilh analog inputs,
%= anaing YRer= and Veer- inouks and the comparalor
volaps nefereros oulpui The operalion of pins: RAS
and RASRAD as AT conserier inputs b5 sekeched Dy
cearinpsefing the comrol bils In e ADCOM regleler
[AD Conlml Regisher 1)

106

Hobs:  Ona Fower-on Resel RAS and RA:RAD
ar= confguned as arakog Inputs and nead
s 0", RAd Is comfigured a5 & dighal iInput.

Ajl other PORTA, pins Rave TTL Inpf lesels and Tul
CASTE gulput drivers.

The TRIEA regisher confrols fhe dlrecon of he RA&
pins, even when they are being wsed as anaiog iInputs.

Th= usar must srsurs the bits In S TRISA pagizier am=
rralniaines s=f when using them 2z anaiog inpuis.

EXAMPLE 10-12  INITIAUZIMNG PORTE
LEF FOETA 1 Imitdaldzs PORTA by

1 wleazdng sutput

; daka lateher
TLITF LATH ; Aleszmats mathod

1 te slear sutput

1 daka latchew
EOVIN [Th 1 Somiigure AT
EWMF  ADCONL ; feoc digleal dnpote
[ uF ] I7h. 1 TEnflguTe coaparaToIe
EHF [ 1 fer digital dnput
FEWLE IFh ; Walos wasd o

1 indtislize dats

; dlrsckedion
EWHF  TRLER 1 Fet BA<l.Dx xp dnputa

1 BRCE i ap ootputa

DT WissEch p Tachsskegy I
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TASLE10-1: PORTA D SUMMARY
Pin Furclien TN ] L0 Typa Cogmezii plizn
sallirg
HAAAMD HAL 1 Lo LHE LATA~D- i calgal; =l aPached by aselsg Sl
1 L} 'L PUR &=l datm =pes] Semals el weban= g e g sl armisad
L1 0] 1 L] AN AL inp? Shafinal U and Caofmpesals O Il Dalaul oo guiElas
o (O el v @it G ol
LRSS HA! ¢ Lo By LHG LATAx 1r Sifs odlsul; S5 aFeched by aselsg 1Sl
1 I 1L PUHTEST= et 1Sl isads T on 0N
L1 e 1 L} AME AL input Shmnnal 1 end Dampesalar J2- inpal Dailaul® cos) g ialas
o PO doe Nl Tt gl aulpes?
HAZAMI HAZ 1 s CHE LATA2r dif calsal; st aPachad by eselsg Sl Dhalied stas
YEEF-MWHEF LWAEF cifpal amaSiad
1 L} 'L PUR AT Safm 1Spei] Dimalyred e o] b reioss e e
hiaa el wimn DWREF culpa] darneSaed
BR 1 L} AME AL gt Shesrml 2 and ComParatel C0e inpal Dalaul! coshgu ialias
w0 ezl Pl by armalag safpu
YRR 1 L] AN AU End Sorea ielsd v lage felene=cm ko inpal
L¥REF ® Lo By AME Campasalsr volba e mfaienss el Ermling T ealurs Seasias
[ N
HASARM 3 HAZ 1 s CHE LATA~ T difl colsl; sl aPached by aselsg Sl
VREF 1 ] TTL | POHTEs S Sas i=pe) Smalved wie= @ ios N armbad
1 o] L] AN AN inadt Shasiml 3 and Comaaratel O ifpal Dalall co®lgu iatia=
on INOR
WREFa 1 L} AME AL End Ssrmpa s valags felere=ce high inpal
HA&ATDCEL HAS ¢ Lo By LHG LATAx&r Sifm oJlSut, ol aFeched by eselog Sl
Ll 1 M ST | PORTAS &= S gl Saalied whes aimks had ambbad
TOCE] 1 L] 851 TiF il Sl (5]
Loy Lo ) & Lo By LHG Campasalsr 1 gl b Sreils cywf poil ek
L x I 'L Exlemal LiSH Tessceser FCY ngul
RéSaHAEE Has I U BiG | LaTasSe date oot st aPeched by eselsg S
LN L | 1 1 TTL | PORTES S dats 1o cmalind whans kg sl s biaed
LY e 1 L} AME AL inpa Shmnnal & Defacl sarmfiguralon an PUR
M 1 ™ TTL | Shiem saimet ingul o S50 RSP e e
HLVLHM 1 L] AN i glL S s el (Dt mader =il g oed= 1 i necl
ST ¢ Lo By LHG Campasalsr 2 eulul Bebors Srkoils cew® poil Saka
OSCALKD L ® L By AME Wi s ke feesd Sty ol pul onraesSEn [al &1 ared HE ficdas)
LEL] CLRO ® Lo By LHG Eyabarn cyde Skstn gulpes® [FOSId ] avababe n EC ECPLL eSd
IR TCHD msdas
Ha" 1 Lo By NG LATAAEr di's oolsul Aaalalis sny n ECK, SCM0 ard IKTIO
modea, olfecwivs, rada a8 '
1 I 1L PUHTE=BE= dafm 1Sl Seilate ook 15000, B and INTHD
rroZea, Slfecwies, radda as 0
Lagend DUT = Oaglial |H = [nst, AMS = Srmiog Sgsal D0 = Digisl Catgcl, 51 = 82 N Hufer =gl

TTL = TTL Baffer Inpal, == Don Tean | THS B S rd? effed] Sl Sseclio® & B Svaitelden i D aplias)

O8INETID-page 113
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10.2 PORTH, TRISE and LATE
Reglstars

FOSRTE = an B-bE wide, bidirecionsl port. The Come-
sponding data direction register s TRIES. S=@ng a
TRIEE Eit (= 1} Wil make e mme=sponding FORTE
oin an imputile., put the conmesponding oulpwt driser In
3 high-impedance model. Ceanng a TRISE bit (= a)
il sk the conresponding FCRTE pin an cwtpud 0ue.,
it e comisnis of the culput Baach on the ssiscted pin].

The Cala Lich megster [LATED I also memary
mapped. Fead-modif-arfie operabons on the LATE
m=qister read and wrhe the akched oulput wakee for
FORTE.

Each of he FORTE pies has a weak Imennal pullup. A
gingl® confrol @k can furn on al @ pul-ups. This s
serfomed by cl=aring bE, FEPU [INTCOMZ=T=], The
weak pulkug b avicmaticaly fomed off when The Do
pin Iz comfigured &5 & oupul. The pul-ups ars
dizabled on @ Powesr-on Reset

The mbemupt-on-change T=afurs |5 recomnmendsd for
wake-up on key depression aperafion and operafons
where FOSTE ks only usad Tor fhe Inbemupt-on-change
fexture. Poling of FORTHE I= not recommended whie
using e mhEmupt-on-changes f=shire.

Pinz, REZ and RES, are mulipkexsd wih fhe UES
peripheral and saree 25 e dferential signal oeipuls
for an exermal USE lansceiver (TRES configuralion).
Fefer o 3soblon 17.2.2.F “Exismal Trancoslyar? for
additicral information on corfigering the USE moduie
for operafion with an extemal ransceteer.

RBE4 [z mulpkexss whin CS55FP, the chip ssiect
funiction for the Eim=aming Paralsl Fort (5PF) — TRES
sating DCelsls of B operabon are disoessed n
Eecklon 160 “Elrasming Paralisd Pori”

EXAMPLE 10-2. INITIALITING PORTE

Mofs: 00 oA Poweron Saset SSLRS0 ane

oorflgured as snalsg impuls Dy defaulk and
r=xd as “a°; RET:RBS ar= configured as
clgital Inguls.
By programming the Confiperabon bR
FEBADEM [COMNFIE IH=1=1, RE4:RED wi
afisrrafeely be conipured as dighal Inpuls
on POR.

Fowr of thie PORTE pins (RET:RE4) has= an Indsmups-
on=Change Tesmors. Only ping configuned as Inmubs can
cause this Ingerrucd B0 ooowr. Any RETREd pin
comigured &5 an culput Is sxciuded Tom e Indemups-
on-change comparison. The pins ans companss with
e old valus laiched on the last read of PORTE. Th=
“mizmalch” oupuls of RET RS ane QR ogeiner o
penerale the RE Porl Chanpes Imienrupt with Rag bi,
REIF IMTTIN 0=,

The Imerrupt-on-changs can D= used to wake the
deyios from Sisep. The wser, i the inkEmept Serdce
Rioubtine, can ciear e inlemepl in the folosing manner:

A1 Any read or wrils of FOSTE (=xcepl w@h the
BOVFE  (ANY) , FORTE Inslrucion]. This wil
end he mismaich condliion,

o] Cl=ar fap bil, REIFE

A risrrabch condFon will comfinue B0 s=t Tiag b, REIF.
Reading FOSRTS will =nd e mizmaich condiEon and
slkowy Tiag bE, RBIF, 1o be deared.

LAF FONTE : Initdaldze FORIE By

1 cleardng cubpue

; daka latehaw

; Alesrnats mathod

1 tE Tlear sumpun

; dakta laiches

ENW1E [Eh » Swz ME<&.0> am

WM ADCONL . digdeal L[JO plom

; Izequdred L2 candig bic
» FEAIEW ip awt|

: Yalus ursd to

; dndtializs dAnts

; dlesckiom

: 5ot BE<1,dx xx oinputs
1 AEcE > a8 cutpurs

: EE<T i a3 Lmputm

[ R

EWNF TRIER

DSINETIGEage 114
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TAELE10-3: PORTE VO SUMMARY [CONTINUED)
Fin Fursztzn T e LED Ty Desmcriplien
Zatling
HEGRER HEE 4 DL b i) LaTH<E> Sa% dolpi
P 1 0 TIL | POSTE A i gl waik puibcp when RBPL Ll b cesed
FE2 1 M oTL g r=-gn G e
| ] ® M -1} Sert ] eea s uthan | BT ™) Hodh inpdl M ISP ard 100D :ﬂ-illl-"""
HEFREZS HE? 4 DL b i) LAl S0 dgolpi
o 1 M TIL | POSTEST> it i=pal waak plap when REPL bl i cesred
KES 1 M oTL hinugkcr-gn dmiege
[ aTa] x OUT b 1] Sertal eonsitien it aulpd Tor KCSF and KD speraden I
M =1 Sertal eacuticn St inpal for 1050 esd 10D azeralisn 0
Lagend OUT = Dulzadd |H = Insut, ANS = Simisg Sgoal D0 = Uil Catpol, 51 = S2hmiE Bufler =gl
I'?L'.':ﬂhlhi- I:l'_'."'.-hlﬁ.nl-p-.i'. BAer TT.=TTL Sofad Ingul, == ST San | RS D] dee neel aifet] g0 disdEn s @
SsattEkien for IR aplas)
Kale 1 Lol g el 20 PO B delermi=ed By RS LDEM ol gusalon S PUrs ame ool ued as s g nsu atean

PHALEY (5 5ol ared S Al insus wisan FEADER @ cladred
s SEprmiale S assgnmant O 0T wiems DOPTRE s 4, Deliudl assEg=res] @ 800

0w

4 Sl - e wew by

Sl dghhei S uredksa dne oSk d whan D5 of IOD SpEtalo® @oemalded

TASLE10-4: SUMMARY OF REGISTERS A550CIATED WITH PORTE

Sacal

Hams ELT Elta Elt & Ex 4 Eit3 Elt 2 =21 EfT | Valuss

on pags
PCATE 557 REE RES FEL mE: REZ EE1 SE0 51
L&TE LATET LATES AmEE | Lated | LamE3 | LamEz | LaTmE1 | LATED T
TRISE Tass7 | TREEs | TREES | TRISSS | TResE: | TRISSZ | TRISSY | TRISED oL
IKTCOR GIEGIE- | FEIBGIEL | TMRDIE | IKTOIE S2IE | TMADIF | WTaIF S2IF g1
INTCORG =D | wTEDGO |INTEDGH | IKTEDG2 _ THRIF — REEF £q
INTCOR MTZR MTHIE —_ TIHE NTHEE —_ THE | WTE £
ADCON1 — — voras | worso | posaz | porgz | PoRcd | BoRGD £z
grecon! — — — — — —  |=Prown| SPEEN g
srecreill | cLKCFRGY | cimcran | ceeEn | cosiem | wEa ET WiE W51 £z
UCoN — FRERST | SEC FKTOIE | U=BEN |RESUME [ 2UusswD — ]

LA!'I:H'I"d! — = unimpli=menkd, resd as ‘0" Shaded cels ars pot used oy FORTE.

Miots 1 These reglsbers are unimplememes on Z3-pin deicess,

SHHIESID-piaga 115
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109



PIC18F2455/2550/4455/4550

TASLE10-3: PORTH IO SUMMARY [CONTINUELD)
Fin Fursztien S ] IR Top= Deecriplien
Lalling
HEASELY HE= % L bt i} LATHeE" Safs oolp
A 1 M TTL | PoETE e i Sl weik o shen REPD B b caaad
FEZ 1 M ITL hinugkcn-gn dmnge
ot ® M =1 Skl | eden Zubian f BUEI T sk Il o IS e 10D -=|.-'I|l.l'."'q
HEFRES RE? 5 (=11 i 1 LATEHT= Safe aalpir
PO 1 M TIL | PORTET dit ispal sk pilap shen RBPU L b ceered
EES 1 M 7TL gk n-gn dmiege
(L&) x auT b 4 Soital eoaciilticn dth aupd 150 SS9 and KD sparaBen
i =1 Sorkal moasitian data inpol A IG5 ged KD aseratsn 0

Lagend LUt -"_'FJl:!.Llﬂ-lll:l.L AME = Brmiog Sgeal DG = Digial Cutpal, 51 = Solen B Bufer 1=l

I'?l.'.':ihlhi- PFUENEG Spf BifTel TTL = TTL BaPad Ihgul, x = DasT Sim i TS B doed vl alelt pof] dysctian & @
Ssattklen For IR aplhis)
Hale 1 Loshguiaias an FOK @ delsermi=ed Dy RS DEN Carl guslon B PUns an osnfkgured as dm kg nsul wian

PHaLEY & sel arsl dig Bl insauts wian FSADER B cedned
= Elpmile S assgrrrsnt on S0 wieas DOPIRE = 4. Delall assgsme=] @ =00

[

& SN e s anly

Sl oTer P Ui ss ane dEwShad wian IDE™ of 0D aptalio® boernabied

TESLE10-4. SUMMARY OF REGIETERS ASSOCIATED WITH PORTE

Aacul

Hams EHT Eit8 Bit& ER & Bita BIk 2 BR1 EHD YValusg

on pags
PORTH i i REE RE= RBZ RES REZ RE1 izhl =5
LATE LATET LATBS LATES LATES LATES LATEZ LATEA LATED =
TRISE TRIGET TREEES | TRIEBE | TRISES TRIESES | TRIEEZ | TRISET | TRISED =
INTCOR GIEAGIEH | PEIE'GIEL | TMROIE NTCIE SBIE TRROIF MNTCIF S3IF g1
I TCORE j-3-1 ) MTEDCGD |INTEDG] | INTEDGZ — THRIIF _— REF E1
INTCORN3 NTAP NT1IF — KTZE NT1E — m2F T g1
ADCONMI = = NCFGH WCFGED | PCRE3 | POFGZ | FCORG1 | PCFRGED 52
gsreconl — —_ — — —_ —  |sProwm| SPFEN ]
SFECFGE) | CLECFGY | CLECFED | CEER CLE BN WS3 e WiB Wal EE
LGN — FPERST SED FETDIS | USBEEN | RESUME | ELGFHMD — ]

Legend. — = unimolEmenk=d, resd as ‘o', Shaded oslis ar= rotuzsed Dy FORTE.

Mots 1. Thess reglsiers ans unimplememied on 25-pin devices.,

SHMEEILRige 1718

Fre ir11inar_-.' T WEssschip Tachnskegy e
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2.0 10-BIT ANALDG-TC-DIGITAL Tt'zl :-_Ifhl:l m;:lr ﬂ:*'_nj:_-l-n *E Reg Jicrin'
mnlnols e omeradon = AT moculs =
CONVERTER I:AJD:I MODULE AN regisier, shown In Regisber 21-2, configur=s
Tha Aralog-io-Dighal (A0 comeedEr mosul has e funclions of e port ping. The ADDOMNI regisher,
10 mputs for the 25-pin deskces and 13 dor e shown In Reglsier 21-3, confpurss e AT Clock
40id-pin davices. This moduie sliows Convarsion of an SOUNCE, programmed acquisfion Sme and jusifcadon.
anaiog Inzet signal o a corr=zponding 10-bit clgits
Pz

T modl= Feas fAve neglsi=rs

&0 Fegult High Regisher (ADRESH)
&0 Fegult Low Fegisler (ADRESL |
&0 Control Register 0 {ADSINO)
&0 Control Register 1 {ADSONT)
&0 Corlrol Register 2 (ADDONZ)

REGISTER 21-1. ADCOND: AD CONTROL REGISTER @

L0 -0 =aA-0 RO A= -0 R0 sek-0
—_— —_— CHES CHSZ CE CHED SNTHORE ADD

it 7 oikd

Legend:

R Seadabis il 1A = Airtiabils BH U = Unimplemenie=d b, read as ‘0

N = alus at POR 1" = Eil I3 s 0" = EH Iz Cleared u = SE I unknown

it 7-6 Unimplementsd: Fead a2

ot 5-2 CHE3:CHED: Aralog Channel S=leci bils

poon = Shaneme! O (M3}
oooL = Chanrel 1 GANT]
Col0 = Chanrel 2 (ANZ)
0Dll = Chanre] 3 (ANE]
£200 = Chanre] 4 (ANE]
p10L = Charrel 5 (gt
£210 = Charrel & (ANEHH
pa1l = Chanme] 7 (ARNTHLT
1000 = Chanre] & (AMNE]
1001 = Chanre] 5 (ANF]
1010 = Chanrel 10 (AN13]
1011 = Chanrel 11 (AN
1100 = Charmre] 12 (AN12)
1101 = Unimpismenseg?!
1110 = Unimpiamensegi?!
1111 = Unimpiementegi?!

it 1 GODONE: AD Corwersion Satus bE
When AQON = 10
1 = AT conversion In progress
o= AT Ide

oitd ADDM: AD On Bk

1 = AT Conweriar module b5 enabis
o o= AT Converier module 5 dissti=d

Hote 1: These charrmels are nof Inpdereni=d on 28-pin desloes.
2.  Feromeing a conversion on unimplemeni=d charn=is Wil retum a foaiing Input measuresment

o IET Wisselip Tacliskegy I Preliminary e B0 page 280
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REGISTER 21-2: ADCOMT: AD CONTROL REGISTER 1

-0 H] R0 R0 R0 Tl Rt R
— | — | wcran | woroo | eorez | Porae FCFGA FCAGD
hit 7 bE D

Lagand:
R = Rissdabie bt W - WD e il U = Uinimplemarhed Dt read as 0
- = EuE 3 FOR 1" = Bk I3 2t T = Bl Is cl=aned u = 3K 5 unkrown

bt 7-& Unimplamanbad: Sead 2z ‘o

bit 5 WCFGD: Vokage Reference Comiguration ik (ViREE- souncs
1 = WREF- (AN
0= ss

bit2 WEFO0: Vokage Referance Comiguration bt (vepr+ sourme)
L = YREN= [ANT
0= oo

bt 30 PCFO3:PCFE0: ATD Fort Condiguration Soninol Dils:

=i

PCFE3
FCFEd

BN

x|| BMAZ
|| A

i1

e

©ooa
©ool
[: P
[:} 1
(1L
(1}
E114
w111l
1004
1001
1014
1011
1104
1101
1114
1111

A = Analc] Input = Digkal 2

ES Y

e I ) g

S L ) g

ES e

ooooo|jo|o]ol alajalals=] =] =] =] &84
alo|o|o|o|o]| o] o] oo o] e S| e =] ]| aso
oooo|o|o|o]ol oo s ] sl x]=] x| a8
olololo|lalalol o @] ] ] =] s
ololola|lo|la|o] =] =] x] =] G
O oo o o o] S se] e e ] S| S| S 00 5] ]| AN

(=Rl ] il el e ] e e e e e el e e |
olojo|x|x|x|» > =|=|=|=|=|=]|=] =|| &8
[0 L] S ) O N N B B ) N ) S S S B | L
[0 I e B ) e e | e

Hobs 1: The FOR waue of e PCRG Diks depends on e vaue of e PEADEN Comiiguration bt When
FEADEN = 1, PCRE<310> = oo pn; wien PEADEN = g, PCRG<200> = 111,
2: ANE through ANT are avallable only on J0iEd-pin devices.

nEINETI pigs 250 Preliminary @ T Miewdip Taclnskegy Ire
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Th= analog reference vollsges I3 softwane seieciabis o
sthar the gevice's postee and regalve supply vokage
oo and Wes) or the volaps ==l on the
RAZMMIREr+ and RAZIAMNIWVREr-'CVREr pins

The AT cormreerie=r has & unigue T=afure of belng abls
o operale wnlle e desice ks In Sisep mode. T
operale i Skeep, The AT oonversion ciock must be
derived Trom fhe ATDs Imennal BT csclilaion

The oulput of the =ample and hold [ e mpul icho the
comeerier, wnich gensraiss e resulk via successhe

A deyice Reset forces all regishers o thelr Reset siate.
This forces: the AD modue 90 be omed oF and any
corsersion In prograss |5 anorisd.

Exch port pin assccialed with the A'D corréerk=r can ke
configured as an anakeg Inouf or as a clgilal 1D, The
ADRESH and ADSESL negkslers comiain the result of
the AT corsersion. When the AT comeersion & om-
plate, the resu® s loaced Imic The ADSESHADREEL
regisier malr, the GCVDOME il (ACC0MO neglsteri Is
deared and AT InkEmupt Flag BR, ADIF, |5 =8 The

approaimason block dapmam of the AT moduls B shown In
o Fligurs -1,
FHZURE 21-1; A0 BLOCK DlAGREM
CHECHED
U I I N I
| g Ty dAEE ! -
1 1
i 1011 : AN
1 1
! 1310 !
N et 1—'—E| AT
1 1
! 1o0L *
Lo :.1_=_E| ANE
i 1En |
I B " APE
E o H ANTI
: l—rmi!—l-zl Amehtl
1 1
1 1
: SLELEN El”"E"I
1 1
1 w_ 01Ad N
AL . :' '[ | Abd
131 {Inprst olisge) i ._HH&,.-—[ |_a:..3
Coorariar ' T
A : ooia !
| —a T T E A2
1 1
IEFGT[?FEJ: b e e
1 1
:. L -: '-'Ii'?: : | o@aa : El -
r———n : ::-:|: fommmmmmmmmmmn
I YREr+ L 131
| pepermnce | (e
| Wellage | F— P e
| p— | H l'.l-:j_
HI a T
Hofs 1: Channesis &MS rowgh ANT are nof avallabls on 25-00n devices.
Z 17D pires haee diod= protecton ko W00 and Ves.

SHIESIL-mage MO
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LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

MTERMALLY FREQUSMCY COMPENSATED
LARGE D0 WOLTARE GAM: 10008

WIDE BANDWIDTH 'é'.:x?agz ng 1.1MHz
(lzmperalure compensa

WERY LOW SUPELY CURRENTID :-III:FI_P.
EZSEMTIALLY [NDEREMDENT OF SURELY
VOLTAGE

LOA IMEUT BlAS CURREMT: 20n4
(lemperaturs compensated)

Lo INPUT OFFSET VOLTAGE: 2miy

Lo INEUT OFFSET CURRENT 2na

MEUT COMMON-MODE WOLTASE RANGE
MCLUDES GROUND

DIFFERENTIAL INEUT WOLTAGSE RAMGE
EQIUEL T THE POWER SUPPLY VOLTAGE
LARGE OUTPUT VOLTAGE SWMG OV TO
N0 - 1.5V

DESCRIFTION

These dreults consist of two Ingepansent, high
galn, Int=maly fequency compensaed which
wers designed spasncally 1o opsrais from & 5h-

I DOWST SUPRIY OWer @ wide range of volages.

e low povesr supply draln s Independent of the

magrifude of the power supcly voitage
Applicaton areas Inciude transducer amplifars,
4z gain blocks and all the conventional op-amp
circLits vanlch now can be mare 2asly Implement-
20 In sngle powsr EUpplY SyskEms. For exampiz,
Ti2E2 CFTUlE can be dieclly supplied wilh ine
standard +3V which Is used In [ogic Eysieme ang
wil 23sly provids the required Inferads slecon-
ce without requiring any addiional power supoly
mihe lingar mode iz Input comman-mods volage
arge Includes ground and the ouiput voltags oan
ako swing fo groung, even inough operaled from
only 3 5ingle power BUppy voliags.

PIN CONMECTIONS [mop visw]

] mﬁ
5
DiFs
[Plashc Fackage]

- »
DA

20E & minl 504
(Pl Micopackage]

)

F
TRECPE

{Thin Shenk Smal Sufine Fadeage]

ORDER CODE
Part Ternparatuns Fackagps
Mumbar Fangs H 5 oc| e
LM1Z8 A =5E"C, =125'C L L] L]
LMZEE A =-a0"C, =105'C L L] L]
LM ZEE A o"C, +7'C - . » »
Exampls | LMI5EN
Ko Conl i Lirs Fackags (CIP
Cw Sral "".r.l'-!h-'.lr.lpi SO' Hu.lwl-:hn 5 aad (0TS
I-!rll Saziage F. r Topss & Fsdl (3T
'I'Erl‘ H-:!r-ll\:l.lu P.I-:Ilq-! "F.."""F' -Ild:.lhﬂl 7 Taps

i [ Bt [] &
EE\ af
3 [ %ju

4+ [ ] =

Fe o pa =

=i e n

w

"

11
Werdng ImpUt
n-inveriing mput
LIS
n-inveriing mput 2
ryverdng mput 2

= Juput 2
Vo

July 2003
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LM15E &-LM258. A-LMISE. A

SCHEMATIC DIAGRAM (172 Lh1EE)

=
(M
] :
LE
Pr
K g
Fezr=i=s erting .
— (M ] iz
=4
-
F |
[~
BipA
] - . GrD
AES0LUTE MAXIMUM RETINGS
Eymbaol Fararmetar LM1E3,4 LMEIEE & LMEEE A Untt
Vop | Supnly wollage =-18 or 32 !
L Inpat oltage -0 4o =32
Wy Ciffer=nidal input Yoliage +32 X
Fia Power Dsspaion 1 500 iy
Culput Shor-drosk Curation & rAnis
| Input Coment ¥ 50 m,
Tepar | CpEaMINg Fres-al Temperamne Fangs S5 o +1 25 | ~20 o +105 | O +70 L
Tep |E%crage Temperature Range -E5 I +15D "z
Porar dimmizatie ot b2 ope gened o SR TR MU PR el arpearmiura T B ree secssded

Sheri-n ol ram e capel Y can cnin s secsanha el g BV 0 BT TRe mindma T s oo et Bosppees Toasy i d | ree aniend

sids megnibee o qﬂ“tﬁ‘ﬂl:mﬂrrﬂ:lmﬂlmllmmllnl.li

i | Tl'ulil::-l.lu'rlrlmgul:lﬂmhmll af pE o F e e Bach i drcen regee. B dusio Be oo eeyane uncicy of T inpes FUF
rara gz :hl-r:

B

sezering Praned 1 aesd and 'l anrpa dadss camps i 1o b et pelizn e oE MR AT
hn;: -fl'm- mm.l*l: B0 EE :urd‘rmﬁ“dmﬁmu o g b e - g we (o o greunsd et e rard T
Faﬂﬂ‘aﬂﬂ--:" L:lmli]mlehmmmd‘l1-::ﬁ'
—
LYr

B
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LM158, &-LMZ258, A-LM35E A
LM B AL MZEAA LMIGE.LW25E
Symbal Faramatsr LMzEas LMzza Uit
M | Tvm KA Min | TR M.
High el Cotps Wokage (Vo = 20V
-l'l:l =T Fl_-ﬂﬂ - - - -
."'ﬂll _r" “T o S T E; ey E; "y W
Tomn = +23°5 B, =10e0 i i
_rlr =7, iy 5 T Ir 7
Lioww Liend Churpunt -.-‘:hla-;le | Py = 10RLZ)
Vi Tyms = =25"C 5 | 5 20 i
Tt 5 Tk 5 Trmaa i | X
Simy R
=1 oo = TEW W e 005 b 300 Ry = ZHiD, WLE
Gy = 1000F, unity Gain 03 0E 0.3 0&
Gain Eandwidh Froduct
GEF Vg = 304, 1 =f DOEHE N, = 10Mmy, Fy = 2k \HE
Ty = 100pF 0.7 1 0.7 14
Tolal Harmonic Dislorion
1'I-I3 o 1”‘! .i"‘__ :,:']E H'I.- E'ﬂ ._.-: --El'l'mu - - l_i
C. = “00EF, iy = 2VER 0oz 0.z
Ecuivalert Inpul Molse Wollage 21
% f = kHE, 5, = 1000, Vop = 30V £z 3 JHZ
D4, |Inpul Ofses Wolkags Ot T 15 7 o Wers
Digy | Input OPses Cument O hL1] i 11 hL1] 300 [l e
T T Criannsd Separabion - maobs * dE
T ARz afs 208HD 20 20

W= L B D, BV 2

= NN, D Wy W -

lHl-lu.rl'p.l Epra anlngs mreld st b n e
1.5, mi wde or bod mpas e g b #2050

That dirasion :'ﬂ‘l-l'ﬂl carer! @ cad oide (O THa caTeri @ sstandy @ conmant  rdeaseiand of fe doss o ins colpad B0 rebasing dharge
o e gl e
1 Tk e & B s

afa by o chee 0 56 The aopsr &l ol e
A s s SRR EE g m

4 Cas ;l;ﬂ":p-l'ﬂ'll'fﬂ'lﬂ'll £= 'r;:wl'll It B e e p gl B el .:r:r-l.l'\.q.-l.lljf-\:l.;l:l:.ul Sarars an s sdeeE ande Thie bapdeally

Boied 8 1w Sype of Eape i Es: fece mia mi

WOLTAGE GRIH ()

CPEH LODP FREQUEHCY REEPOMEE poTR 5

4 T T T T
12

|

EDY

40

e g £ TS
1 1 1
e W

iz

a

1B i i OWE M

FRECLEMCY {Hz]

LARZE BICHAL FRECLUEMCY RESPOMEE
a1}

) H:rer
e i
3 i)
i
Ia 4
S
=
2 . :
] e
L] 2 ol -
FRECUBNCY [H)

=
[

7
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LI5S, A-LMZ58. A-LMIZE.A

M BEALMIERA LAMIGE-LN2GE
Symbaol Faramaisr LMEdA LMzea LiriH
M | Tvm Kax Mir. | Tsp [SF- T
High Lewvel Dol Vokage (vp,® = 304]
Ty = +25°C P, = ZKCE | o U
I - - 5 ) 5 )
Vo e S Ve 5 T 28 25 :
T = +23°0 Ry =10:0 7 | 28 7 | 2
_rlr sT, iy 3 T Ir Ir
Lioaw Lesssd Suripul -.-":-IH-;IE | Py = 10RLY
Ve Ty = =255 5 2 5 0 m
Tt 5 Tart 5 Taa 20 X0
Simy Rate
=) Yo = 1OV, W DS HD 30 Ry = JRLD, WiLs
IZ = 1000F, unity Gain 0z [ 0.3 05
Gain Eandwidth Froduct
GEF Vo = 304, 1 md D0EHE, = 10MY, Fy = 2k MHZ
Ty = 100pF 0.7 .1 aF | 14
Telal Harmanc Disiorsan
ThD | 1= ikHz A, = 200E. Ry = 2R W = IV, . . %
o, = O0EF iy = 2D 0oz 0.z
Ecuivalent Inpul Molse wollage (oL
= f = 1KHE, 7, = 10060, Vpp = 30V Es E5 Hz
C%, |Inpul Ofset VoEag= Crift 7 15 T ko WG
Digg | Impul Cfses Curmeni Crift id 200 L] 300 pAC
Vs Vg Cranng Separalion - note * dE
TER T 1kHz =12 20kHZ 20 130

B

Vo m A O B W @ BN, D Wy AN -

mm-‘d‘l-l‘ﬂ.l caTeri B ol side O THa coreri 0 seandn @ conmant  rdeaseiand of e a0 cudpas g rebmeling charge
s b o s e el

1 Trha T T of e ey ol Bgs mvaukd not b on e fa aT. e 0 35 Thes el ol
-LDI'II'I"-:-!"I'I-dllql:ﬁllrl.r]l l':l = I;‘?.n‘#rﬂm“n.:;np;muhm iy ——
4 g}ﬂ”ﬁﬁ#ﬂﬁ:’;’:h‘: TF“::;:.ﬁ::f- El'.gum-cl u';r.l.l'q-l.lijfcl.;l:hn:l SEraE a Tes sateem anie Thin bpdealy
CPEN LOOP FREQUEHCY REEPOMEE paoTe 5 L-'}-E-SESEP-I-'L FRECAENCY REEPOMEE
4] T T T T
i B =
= o
b A we S
= -.ﬂ_.-.- LT | E
= =
== = ]
o BN A =
= =
= 4 =
= = -
] R TT- PR T
Hc ETane f TS .
a L1 H"' [ i
i W OIE R HE ORE M R W T Wik -
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LM1158, A-LM258, A-L M358 &

WOLACE FOLLOWER PIULSE RESPCHSE CUTPUT CHARARCTERISTICE
! T e — e——
- ALg 2k | WEL = 4
T 3 WID = AT =
gﬁ z ; - g
2= { \ g
= -
o, =
_— 2 o
- z a -
=
EX g [ I
= o LA
o i [ R iE GBA G ;
TIME] = OLTPLT SIKE CLRRENT [n&]
WOLTAGE FOLLD REERJIHEE — OUTPUT CHARACTERIETICE
I ] =] o
., = g Vo
IS :
_ﬁ: sz f—t - 5 g luopn = '-"#
= e e | ) E g
d a4 1 . |: B ‘FE 5 iR Iz
5 | [ 1] f | ¥
2 e = o T TN ]
S = / e a gt
e ’ = IR
\ Tarsh = +325C S E
wl | Ve 5 LHHEHHHHH
g " ¥ 3 4 ® ® 7 B =4 a0 DA 1 1] b |
TIEE [ o CUTPUT SOURCE CURFENT M)
AT CURRENT {Hala 1) CURFENT LEITIMG (Moo 1)
2 T L] T T T T T
[ o Wil - — W] J—
™ % m —
= Voo 30 = @™ —
= = —
A e g
sl - -\"-\.
S ol L Yoo 15--.'__ §‘“ — 1
s s E™ =
& Viog m 4B — g =
] #
a a
T EE EEE R ‘EE 3 -IE B IE AN 4F ER IEG O

TENPERATLRE ')

TEHPERATLRE [*Z]

|_I|
[ =)
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IMPLT WOLTAGE RANGE SLEPLY CURRENT
‘I T T
5 .
= / £, »be
2" Mzt [~ g Y
2 / |
el 2
o R Fostive | =70 T :
ks Pl +1E'T
2 - E £
in T
Tamh ™ 550
1] 1 i b ] 1] i =
POWER SUPPLY VILTAGE [2') POEITHE SLPPLY WOLTACE [¥)
180 | — 100
- R =3% i
B 420 - T i
o & A= E 5
g E 1
[ =
5 7 1
40 g == - mzam —
=, = ¥ T o=+
o o 20 W& a ia br) W
POEITIVE SUPPLY YOLTAGE (¥ POSITIVE SUPFLY WOLTAGE [¥)
164 I B 45
A, =2k - I 138 ==
=y iz g 12 — ]
=5 T —— :
= =] § 1.05
& 0.8
R =2k i o
ﬁ B L E LT .".:: - g —
=] = ]
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g E 045
’ s a3
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= bi§
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o o ) = 3 553515 © 254565485 105 125
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LM 158, A-LM2538 A-LMI3E A

POSER SUPPLY REECTENN RATIOWHE)

"1E 1 |
14 s
10z ¥R
100
' H
L]
BE
- ]
TE
m
1]
BOIE-2615 § IS 4555 BS 105128
TBMFERATLEE ')

Bl

115
110
105
we | FT -
a |
an
a5
a0
75
T
&5
GrE535-45 § 3545 £5 85 105 135

TEMPERATURE (')

COMMOH HODE FEIECTEIN FATD (d

TYPICAL APPLICATIONS [singis supply valtage) V., = +54,,

AC COUSLED IMVERTING AMPLIFIER

AC COUPLED MOR-INVERTING AMPLIFIER

A

e e
NOR-INVESRTING DG AMPLIFIER

Asiell
o v B @ 1
¢ gl -y -y
LA R R

ixr Mz
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L1358 A-L M258.A-L M358.A

HIGH INPUT Z, BT DIFFERERTIAL AMPLIFIER USING SYMMETRICAL AMPLIFIERS TO
REDUCE INFUT CURRENT

ME! = B2 50 KBS = Bg = FS = 8
e la ZRU| jeg ke

L — INE=T CANTRTS S 04T PATHITE SN
B aluren dig s 100 fag & i) 8 = J "

HIGH INPUT Z ADJUSTASLE GAIN DC . S
IMSTRUMENTATION AMELIFIER LOW DRIFT PEAR DETECTCR

L e [N
4@ l\.J-I""-:-..\-\-‘---.l & ':L"i lhl -:"_

F#1 = A aind B3« Hd= AB = BT
B =] 1E g ] Dy oyl

=
=
B
— i ¥
b F I pp—
-, i iy
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APPENDIX D

LM7805 Voltage Regulator Datasheet
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Electrical Characteristics (LMT805] §
Fiafar 1o e best droule, -0 < T, = 18590, |5, = S00mA, W) = 104, C; = 01 uF, urless othanwise spacifisd. e
Symbil Parametar Condltions Min. | Typ. | Max. | Unit §
Vo [Qutput Vollags T, = +25°0 45 5.0 5.2 ¥ 5
SmAsins 18, Pos 154, 475 5.0 525 §

N, = T o 20
Ragine |Line Raguitbcrd’| Tym+25°C | W = T bo 35 - 4.0 100 m .
W)= B I 1Y - 1.8 E0u0 =
Aegkad |Load Fegulabon] Tym 425" |l = SmA ko 1.54 - 0.0 10 my 3
Ig = E50mA bo TS0ma, - 4.0 S0 =
o |Cuescent Cumert T, = 425" - 5.0 0 ma =
aly, | Quiesserd Cumerk Changa | 1= Sma o 14 - o0 oE ma, z
W)= T D 25 - 0.3 1.3 2
AWSAT | Dutput Yoltags DAk I = Em& - e - myHG -4
Wy [Qutput Hols vokage 1= 10HzZ be 1 BIKHE, Ty = +25°C - 420 - | weryg i
FF  |Fipple Rejactiond* 1= 120HZ, ¥ = BY Lo 18Y g0 | 730 - dE g
¥peop | Cropaoul Wotlage Io= 18, T, = <252 - a0 - ¥ E
ro | Output Aeskmnoet™ 1= 1kHz - 5.0 - e »
lsz  |Shart Ciruk Cument W m N, T = 4250 - aag - ma EI
Iy | Pk Currants! T, = +25°0 - a3 - A g-
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2. Thess paramedens, abhough guarnbssd, are rob 1 0075 begled In produchion,
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Electrical Characteristics (LMTBI5A) isonirued)
Fiefar 1o e last drouls, 010 T, < 12500, |y = 14, W) = 104, 0 = 0330F Cp = 00, urless cthanwisa specifid.

Syrnbiol Pararmetar Condltlons Min. | Typ. | Max. | LinH
Vo | Cutput boiags T, = +25'C 40 50 £ v
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W) = TEW 1o 20
FAegine | Line Aaguiticor! W) = TEW 1o 25V, |, = E00mMA - 50 0.0 m
W) = BY bo A2 - a0 0.0
Ty = 4250 W)= T3 b 20V - 50 B
W) = B T 12 - 15 250
Fegicad |Lcad Feguiationi ™ |T, =+25'C, L= SmA 1o 1.5A - 0o 100 i
I =Ema o 14 - 0o 100
Iz = 350m & fo TEOmA - 40 E0.0
Iz |Quescent Cumert T, = 4250 - 50 &0 ma
aly  |Cuessent Cumert I, = Ema o 14 - - 05 ma
Changs W) = BY bo 25, | = E0mA - - Y]
W = TEN To 20N, T, = +25°C - - Y]

AVoIAT | Culput Votlage CrREY 1o = Ema, - 4.8 - | e
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R |Fippie Fejecion ™ |1 = 120HZ, I, = S00mA, ¥, = 8¥ 1o 127 - BE D - ]
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lgz | Short Croul Cument |V = 354 Ty = +25°0 - a5 - ma
I | Peak Currard®™ T, = 4250 - 2z - &

Folss:

10. Load and Iine reguialicn ars spectlad ol consfant |unclion femperature. Changss In ', dus o heating afscls must

b laken inlo acocunl separabsly. Fulse Testing wih low duty |s used
20, Thess paramaters, akhough guarantsad, are not 100 bested In production.
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Typical Performance Characteriatics §
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APPENDIX E

JHD162A Series Datasheet
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APPENDIX G

AR-ELCB Hardware Picture
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Figure Al: Auto Re-closer ELCB with casing

Figure A2: Auto Re-closer ELCB without casing
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