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ABSTRACT

The chief sources of energy used for the generation of electrical energy are
water, fuels and nuclear energy. Micro-Hydro Generator Systems (MHGS) converts
potential energy of water into electricity. It is a clean source of energy. Hydro electric
power plants generate from few kW to thousands of MW. It can be classified as Micro
Hydro power system for the generating capacity less than 100kW. Micro hydro can
provide alternative renewable energy sources especially in areas with small rivers or
stream flowing. Other renewable energy source, such as solar and wind, can be used to
produce electrical power. The choice of energy source depends on several factors,
including availability, economic and energy and power requirements. Micro hydro
power is almost always more cost-effective than any other form of renewable power.
Micro hydro designates projects with power output of less than 500W. This project is
also using a Programmable Interface Controller (PIC) and power electronic
components in designing hardware. In the end of the project, the proposed micro
hydro-generator work properly as designed and produce output power as high as
500W or more and can be used for lighting, bulk, and battery charge and electronics

devices.



Vi

ABSTRAK

Sumber utama tenaga yang digunakan untuk penjanaan tenaga elektrik adalah
air, bahan api dan tenaga nuklear. Sistem penjanaan kuasa mikro hidro adalah sistem
menukar tenaga keupayaan air kepada tenaga elektrik. Ini merupakan sumber tenaga
bersih. Tenaga penjanaan air elektrik menghasilkan dari beberapa kW ribuan kepada
MW. Hal ini boleh diklasifikasikan sebagai sistem tenaga elektrik Mikro hidro untuk
kapasiti menghasilkan kurang dari 100kW. Mikro hidro dapat menyediakan sumber
tenaga alternatif terbaru terutama di daerah-daerah dengan air sungai kecil atau air
sungai yang mengalir. Selain itu, sumber tenaga yang boleh diperbaharui ialah seperti
solar dan angin, boleh digunakan untuk menghasilkan tenaga elektrik. Pemilihan
sumber tenaga bergantung pada beberapa faktor, termasuk yang sedia ada, ekonomi
dan tenaga dan keperluan kuasa. Kuasa Mikro hidro hampir selalu lebih jimat
berbanding daripada bentuk lain dari tenaga yang boleh diperbaharui. Projek Mikro
hidro ini direkabentuk supaya dapat menghasilkan kuasa lebih kurang dari 500W.
Projek ini juga menggunakan komponen (PIC) pengawal mikro dan skematik
elektronik dalam perancangan. Pada akhir projek, dicadangkan sistem penjana mikro-
hidro dapat bekerja dengan baik seperti yang dirancang dan menghasilkan kuasa
keluaran setinggi 500W atau lebih dan boleh digunakan untuk pencahayaan, lampu

rumah, dan pengecas bateri dan barangan elektronik.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

Micro-Hydro Generator Systems (MHGS) convert the energy of moving water
into electricity. Generator systems convert from mechanical to electrical energy. This
project is to develop a Micro-Hydro generator system using battery based system to
generate power. The battery based system that we will use is Lead-acid deep cycle
batteries. This battery can be charge and discharge system. The prime mover of this
project is water that means source of water pressure from a present water tank, pipes and
to turn a turbine then the turbine spins an alternator and electricity is produces to charge
the battery. Then an alternator converts the mechanical energy from the turbine into
electrical energy. Many other components may be in a system, but it all begins with the
energy already within the moving water. Other renewable energy source, such as solar

and wind, can be used to produce electrical power. The choice of energy source depends



on several factors, including availability, economic and energy and power requirements.
Micro hydro power is almost always more cost-effective than any other form of
renewable power. Micro hydro designates projects with power output of less than 100
kW. This project is also using a Programmable Interface Controller (PIC) and power
electronic components in designing hardware. In the end of the project, the proposed
micro hydro-generator will work properly as designed and will produce output power as
high as 1kW or more and can be used for lighting, bulk, and battery charger and

electronics devices.

1.2 Problem Statements

Hydro generator system in market is huge and high cost and no micro hydro

generator in the market.

1.3  Objectives of Project

The objectives of this project are:

i. To produce electricity using renewable source of energy.
ii. To implement the use of Programmable Intelligent Circuit (PIC) and Power
Electronics switch in designing hardware.

iii. To provide clean, environmentally friendly electricity in rural communities.



1.4 Scope of project

The scope of this project is:

i. To develop of Micro-Hydro Generator System using automotive alternator.
ii. Using PIC 16F877 microcontroller as a control circuit.

iii. Produce output power at least 500W

15 Literature Review

Micro hydro power was once the world’s prominent source of mechanical power
for manufacturing. Micro hydro is making a comeback for electricity generation in
homes. This system of the Micro hydro can be divide by two is Battery base systems and
AC- Direct System.[1].

The battery base system is power can be supplied by a micro hydro system in
two ways. In a battery-based system, power is generated at a level equal to the average
demand and stored in batteries. Batteries can supply power as needed at levels much
higher than that generated and during times of low demand the excess can be stored. If
enough energy is available from the water, an AC-direct system can generate power as
alternating current (AC). This system typically requires a much higher power level than
the battery-based system. The input voltage to the batteries in a battery-based system
commonly ranges from 12 to 48 Volts DC. If the transmission distance is not great then
12 Volts is often high enough. A 24 Volt system is used if the power level or
transmission distance is greater. If all of the loads are inverter-powered the battery
voltage is independent of the inverter output voltage and voltages of 48 or 120 may be

used to overcome long transmission distances. Although batteries and inverters can be



specified for these voltages, it is common to convert the high voltage back down to 12 or

24 Volts (battery voltage) using transformers or solid state converters.[1]

Most battery-based systems use an automotive alternator. If selected carefully,
and rewound when appropriate, the alternator can achieve very good performance. A
rheostat can be installed in the field circuit to maximize the output. Rewound alternators
can be used even in the 100-200 Volt range.[1]

Micro hydro power is best where water supply is continuously available. Where
supply is seasonal it may still be cost effective to install micro hydro as a stand-alone
system. This will depend on whether the cost of installing the system is offset by the
savings made during the period when the creek is flowing. Another renewable system, or

a generator, will be required when water is not available.[2]

1.6 Thesis Outline

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

whole system design for this project.

Chapter 1 describe on the background of the project, problem statement,
objectives, scope of the project and the literature review that referred to in the
development of micro hydro generator system.



Chapter 2 is focused to the theory of the Micro Hydro Generator System
(MHGS) where it described about operation of MHGS and measuring of head, flow and

potential power. This chapter also include why we need to use MHGS.

Chapter 3 elaborated more on the method of micro hydro generator system.
Besides it also describe the functions of each components used in the system and

operation such as alternator, battery, charger controller, inverter and ballast load.

Chapter 4 present about result and discussion while in development process. The

result of this project is also accompanied by the discussion for each problem statement.

Lastly in Chapter 5, in this chapter the conclusion has been made for the project
from the whole aspect and there are also suggestions to improve the micro hydro

generator system in the future, in case for the commercialization.



CHAPTER 2

MICRO-HYDRO GENERATOR SYSTEM (MHGYS)

2.1 Introduction

This chapter explains about a theory of Micro Hydro Generator System (MHGS)
included operation of MHGS, measuring of head, flow rate and potential power
produces so that the reader will get a clear idea how the MHGS is working. To achieve
that first we need to study more about MHGS and doing more research about the MHGS
operation. This chapter also includes overview of Micro Hydropower potential in

Malaysia.



2.2  Operation of MHGS

A Micro Hydro Generator System (MHGS) convert the energy of moving water
into electricity. Instead, a portion of a stream or river is temporarily diverted into a pipe
system and to the micro-hydro turbine and generator. It is then returned to its source.
Because of this these types of system have far less impact on the environment than large
scale hydro schemes. Micro hydro generator systems use the force of running water to
turn turbine blades, which spin a shaft connected to a generator. These systems are best
suited to rural sites, and can be set up wherever water falls from a higher lever to a lower
level, such as a waterfall, hillside, stream, or where a reservoir discharges into a river.
The type of turbine required will depend on the ‘head' (the vertical fall) and the flow rate
of the water. There are two basic of turbines such as impulse and reaction. These

turbines are more details explanation in Chapter 3.

2.2.1 Measuring of Head

Generally, the distance the water falls depends on the steepness of the terrain the
water is moving across, or the height of a dam the water is stored behind. The farther the
water falls, the more power it has. In fact, the power of falling water is “directly
proportional’ to the distance it falls. In other words, water falling twice as far has twice
as much as energy. It is important to note we are only talking about the vertical distance
the water falls. The distance the water travels horizontally is consequential only in

expense of the system and friction losses. Head is usually measured in “‘feet’.



2.2.2 Measuring of Flow Rate

More water falling through the turbine will produce more power. The amount of
water available depends on the volume of water at the source. Power is also “directly
proportional’ to river flow, or flow volume. A river with twice the amount of flowing
water as another river can produce twice as much energy. This is also effect of choice a

size of pipelines. Flow volume is usually measured in “‘gallons per minute’, or ‘GPM’.

2.2.3 Measuring of Potential Power

The amount of power available from a micro hydro generator system is directly
related to the flow rate, head and the force of gravity. Once we have determined the
usable flow rate (the amount of flow we can divert for power generation) and the
available head for our particular site, we can calculate the amount of electrical power we

can expect to generate. This is calculated using the following equation:

Pth=QxHxg

Pth = Theoretical power output in kW
Q = Usable flow rate in m3/s

H = Gross head in m

g = Gravitational constant (9.8 m/s2)



2.3 Overview of Micro Hydropower Potential in Malaysia

Malaysia comprises of two distinct region which are West Malaysia covering
Peninsula Malaysia and East Malaysia covering North Borneo. In total, both regions
cover land area of 330 000 sg. km in which 58% is lowland areas and 42% is highland
areas [ ]. The highland areas in Malaysia are created by numbers of well known ranges.
In Peninsula Malaysia, the highland areas are created by ranges such as Titiwangsa,
Tahan, Bintang, Kledang, and Pantai Timur. Barisan Titiwangsa range is the main range
which is considered as the backbone of Peninsula. In Sarawak, the highland areas were
created mainly by Tama Abu, Iran and Kapuas Hulu ranges. In Sabah the highland areas
were created by Crocker, Maitland and Brassey. With average rainfall of 2540 mm in
Peninsula, 2630 mm in Sabah and 3850 mm in Sarawak, Malaysia bless with abundant
streams and rivers flowing from the highland areas created by these ranges [ ].
Combinations of highland area with huge river networks promise Malaysia with a lot of

micro hydropower potential. Figure 2.3 shows the map of Peninsular Malaysia.



Figure 2.3  Map of Peninsular Malaysia



2.4  Advantages of MHGS

The advantages of MHGS is efficient energy, meaning that it only takes a small
amount of flow or a drop as low as two feet to generate electricity with micro hydro.
Electricity can be delivered as far as a mile away to the location where it is being used.
Secondly, reliable electricity source, meaning that hydro produce a continuous supply of
electrical energy in comparison to other small-scale renewable technologies. Lastly, the
advantage of MHGS is no reservoir required, meaning that the water passing through the
generator is directed back into the stream with relatively little impact on the surrounding

ecology.

2.5  Disadvantages of MHGS

The disadvantages of MHGS is suitable site characteristic required, meaning that
factor to consider are distance from the power source to the location where energy is
required, stream size and balance system component like inverter, batteries and
controller. Second disadvantage is energy expansion not possible, meaning that the size
and flow of small streams may restrict future site expansion as the power demand
increases. Lastly, environmental impact, meaning that the ecological impact of small-
scale hydro is minimal, however the low-level environment effect must be taken into

consideration before construction begins.



2.5 Summary

From this Chapter 2, we can see that before we develop the Micro Hydro
Generator System (MHGS), we must know to measure of head and flow rate. That is
important to calculate output power of the system. Besides that, we also know for the
long term, why we need to use MHGS this is because it can be more economical and
also may be that we are interested in helping to protect the environment. In this chapter

also explain about advantages and disadvantages of using MHGS.



CHAPTER 3

DEVELOPMENT OF MICRO HYDRO GENERATOR SYSTEM (MHGS)

3.1 Introduction

This chapter explains about how to develop of Micro Hydro Generator System
with used battery based system. This chapter also will include project flow, flow chart,
block diagram to develop Micro Hydro Generator system used battery based system. It
also will cover about based component of MHGS, hardware and software

implementation.

3.2 Hardware Development

This project



3.2.1 Mechanical System Design

3.2.2 Electrical System Design

3.3  Basic Components of MHGS

This project is using battery based system so basic components to develop of
micro hydro generator system is turbine, alternator, battery, charger controller and

inverter.

3.3.1 Alternator

Alternator which has a built in rectifier to convert the generated AC signal to a
DC signal. The specified turbines which convert mechanical energy into electrical
energy use an alternator that outputs a DC signal. The DC signal is then sent to the
battery where, along with the batteries a monitor will be needed this way you can
determine how much electricity the turbine is generating, the consumption of that energy

and battery capacity. Based on figure 3.3



Figure 3.3 Automotive Alternator

3.3.2 Battery

Deep cycle batteries are best to use for any renewable energy system. Batteries
Lead-acid deep cycle batteries are usually used in hydro system. Deep cycle batteries are
designed to withstand repeated charge and discharge cycles. The amount of batteries you
use in your Micro-Hydro system will depend on your needs. The input voltage to the
batteries in a battery based system commonly ranges from 12 to 48 Volts DC  View our

battery section to see how to calculate your needs.

3.3.3 Charge Controller



A charge controller is connected with the battery operation to prevent
overcharging of the batteries. In the event of a power outage excess electricity could be
produced and the charge controller would absorb the excess energy to protect the
batteries. Hydro systems with lead-acid batteries require protection from overcharge and

over-discharge.

3.3.4 Inverter

A battery bank does not enable users to live with all the conveniences of modern
living, as most appliances use high voltage AC (alternating current) while batteries can
supply only DC (direct current). Inverters are used to convert DC to AC so that stored
battery power may be used as needed by appliances and other loads. Modern inverters
are available in virtually any wattage capacity, in recreational and commercial grades, in
a variety of DC voltages, and with the220-240VAC, 50 Hz output for the rest of the
world and 120VAC 60 Hz output for North American applications.

3.3.5 Ballast Load

A ballast load takes the excess energy produced that is no longer needed to keep
the batteries charged, and diverts it to a waste load. Most of the time, we will find dump
loads consisting of water heater elements or air heaters. A ballast load is a very

important component to the system.



3.3.6 Turbines

Turbines are commonly used today to power micro generator system. The
moving water strikes the turbine blades, much like a waterwheel, to spin a shaft. But
turbines are more compact in relation to their energy output than waterwheels. There
also have fewer gears and require less material for construction. Low head, low flow
turbines may be difficult to find, and may have to be custom-made. There are two
general types of turbines like impulse and reaction.

3.3.6.1 Impulse Turbine

Impulse turbines, which have the least complex design, are most commonly used
for high-head micro hydro system. The most common types of impulse turbines include
the Pelton wheel and the Turgo wheel. That mean, the Pelton wheel uses the concept of
jet to create energy. Pelton wheel turbines are also available in various sizes and operate
best under low-flow and high-head condition. Another impulse turbine is Turgo impulse
wheel is an upgraded version of the Pelton. The size of Turgo is half the size of the
Pelton. Turgo wheel moves twice as fast. It is also needs few or no gears and good
reputation for trouble-free operation. The Turgo can operate under low flow condition

but requires a medium or high head.



3.3.6.2 Reaction Turbine

Reaction turbines, which are highly efficient, depend on pressure rather than
velocity to produce energy. All blades of the reaction turbine maintain constant contact
with the water. These turbines are often used in large-scale hydropower sites. Because of
their complexity and high cost, reaction turbines aren't usually used for micro
hydropower projects. An exception is the propeller turbine, which comes in many
different designs and works much like a boat's propeller. Propeller turbines have three to
six usually fixed blades set at different angles aligned on the runner. The bulb, tubular,
and Kaplan tubular are variations of the propeller turbine. The Kaplan turbine, which is

a highly adaptable propeller system, can be used for micro hydro sites.

3.4 Software Implementation



3.4.1 MicroCode Studio (PBP) Compiler

3.4.2 UPO00B PIC USB Programmer

3.4.3 Programming the PIC 16F877 Microcontroller

3.5 Summary

The concept and method development of MHGS have been described in this

chapter. Flow chart is very important before start the project. All the components of this



project must check specification and test. In Chapter 4 present more detail about result

and discussion.



CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter explains about result and discussion for test automotive alternator
with AC motor. This chapter also will discuss about data collection by using Tachometer

for measure speed of motor and digital multimeter for measure voltage at alternator.



: DIGITAL MULTIMETER
AC MOTOR | il
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Figure 3: Testing Alternator using AC motor

4.2 Alternator Output

Based on Figure 3 (a), (b), (c), (d) alternator used is automotive alternator with
specification speed is 1800 rpm, voltage is 14.0 VDC and current is 45A. The
specification of AC motor is 1380 rpm and connected inverter to control their speed. We

also used timing belt to joined alternator and AC motor.



Figure 3 (a)
Figure 3 (c)

Figure 3 (d)
Figure 3 (b) g



Figure 4: Inverter control speed

Figure 5: Tachometer measured speed motor (RPM)

Figure 6: Battery lead acid



Table 1: Data Collection

FREQUENCY (Hz) SPEED (RPM) VOLTAGE DC (V)
20 500 1.4
30 1036 43
40 1399 7.75
50 1679 10.35

Based on the Table 1 is data collection using alternator and AC motor. We
control the frequency of using inverter ADLEEPOWER. It is also control the speed AC
motor. We also used Tachometer to measure speed of alternator and digital Multimeter
to measure voltage at alternator. We see on the table, we know that when speed increase,
voltage of alternator also increase. We can’t get 14 V because we used AC Motor that
speed RPM of AC motor is 1380 RPM. We refer the specification of Alternator to
produce 14 V, the speed of alternator must 1800 RPM. So the speed of alternator is
effect of Voltage. We also know that the voltage alternator must be higher than voltage

of battery for charge the battery.

4.3  Charge Controller Circuit




4.4 Liquid Crystal Display (LCD) Circuit

45  Project Results

4.6 Summary

The preminalary result and discussion of data collection of alternator concept
have been described in this chapter. The most important thing is to make sure that

alternator can be function to charge the battery. The next Chapter is



CHAPTER 5

CONCLUSION

51 Introduction

As a conclusion, the system is not difficult to operate and maintain. This project
is almost always more cost-effective than any other form of renewable power. The
proposed Micro- Hydro Generator System (MHGS) will work properly as designed and
will produce output power as high as 1kW or more and can be used for lighting, bulk,
and battery charge and electronics devices. Another thing, the advantage of using Micro
hydro system is to protect the environment and also non polluting energy source that has
provided reliable power in the past and is one of the most promising renewable energy
sources for the future. Lastly, for long term this project, in case for the

commercialization especially in Malaysia.

5.2  Future Development



5.3  Costing and Commercialization

5.3.1 Costing

5.3.2 Commercialization

5.4 Conclusion






CHAPTER 1

INTRODUCTION

1.1  Project Background

Micro-Hydro Generator Systems (MHGS) convert the energy of moving water
into electricity. Generator systems convert from mechanical to electrical energy. This
project is to develop a Micro-Hydro generator system using battery based system to
generate power. The battery based system that we will use is Lead-acid deep cycle
batteries. This battery can be charge and discharge system. The prime mover of this
project is water that means source of water pressure from a present water tank and pipes
to turn a turbine then the turbine spins an alternator and electricity is produces to charge
the battery. Then an alternator converts the mechanical energy from the turbine into
electrical energy. Many other components may be in a system, but it all begins with the
energy already within the moving water. Other renewable energy source, such as solar
and wind, can be used to produce electrical power. The choice of energy source depends
on several factors, including availability, economic and energy and power requirements.
Micro hydro power is almost always more cost-effective than any other form of
renewable power. Micro hydro designates projects with power output of less than 500W.

This project is also using a Programmable Interface Controller (PIC) and power



electronic components in designing hardware. In the end of the project, the proposed
micro hydro-generator can work properly as designed and produce output power as high
as 500W or more and can be used for lighting, bulk, and battery charger and electronics

devices.

1.2 Problem Statements

Hydro generator system in market is huge and high cost and no micro hydro
generator in the market. The problem also is less use of renewable energy source that
convenient to supply for load. Difficulty to get data, meaning that lot of data have to be
assumed because of there is no real site to survey, to make the calculations on site and to
collect all the data needed and any more.

1.3  Objectives of Project

The objectives of this project are:

i. To produce electricity using renewable source of energy.
ii. To implement the use of Programmable Intelligent Circuit (PIC) and Power
Electronics switch in designing hardware.

iii. To provide clean, environmentally friendly electricity in rural communities.



1.4 Scope of project

The scope of this project is:

i. To develop of Micro-Hydro Generator System using automotive alternator.
ii. Using PIC 18F4550 microcontroller as a control circuit.

iii. Produce output power at least 500W

15 Literature Review

Micro hydro power was once the world’s prominent source of mechanical power
for manufacturing. Micro hydro is making a comeback for electricity generation in
homes. This system of the Micro hydro can be divide by two is Battery base systems and
AC- Direct System [1].

The battery base system is power can be supplied by a micro hydro system in
two ways. In a battery-based system, power is generated at a level equal to the average
demand and stored in batteries. Batteries can supply power as needed at levels much
higher than that generated and during times of low demand the excess can be stored. If
enough energy is available from the water, an AC-direct system can generate power as
alternating current (AC). This system typically requires a much higher power level than
the battery-based system. The input voltage to the batteries in a battery-based system
commonly ranges from 12 to 48 Volts DC. If the transmission distance is not great then
12 Volts is often high enough. A 24 Volt system is used if the power level or
transmission distance is greater. If all of the loads are inverter-powered the battery
voltage is independent of the inverter output voltage and voltages of 48 or 120 may be

used to overcome long transmission distances. Although batteries and inverters can be



specified for these voltages, it is common to convert the high voltage back down to 12 or

24 Volts (battery voltage) using transformers or solid state converters.[1]

Most battery-based systems use an automotive alternator. If selected carefully,
and rewound when appropriate, the alternator can achieve very good performance. A
rheostat can be installed in the field circuit to maximize the output. Rewound alternators
can be used even in the 100-200 Volt range.[1]

Micro hydro power is best where water supply is continuously available. Where
supply is seasonal it may still be cost effective to install micro hydro as a stand-alone
system. This will depend on whether the cost of installing the system is offset by the
savings made during the period when the creek is flowing. Another renewable system, or
a generator, will be required when water is not available.[2]

1.6 Thesis Outline

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

whole system design for this project.

Chapter 1 describe on the background of the project, problem statement,
objectives, scope of the project and the literature review that referred to in the

development of Microhydro Generator System (MHGS).

Chapter 2 is focused to the theory of the Microhydro Generator System (MHGS)

where it described about operation of MHGS and measuring of head, flow and potential



power. In this chapter also include about theory overview of Micro hydropower potential

in Malaysia. Lastly, this chapter also includes advantages and disadvantages of MHGS.

Chapter 3 elaborated more on the method of micro hydro generator system.
Besides it also describe the hardware development that divide by two design which is
mechanical system design and electrical system design. This chapter also include the
functions of each components used in the system and operation such as alternator,

battery, charger controller, inverter, load and turbine.

Chapter 4 presents the data and experimental about result and discussion while in
development process. The results of this project are also accompanied by the discussion

for each problems statement and reflect to the objective of this project.

Lastly in Chapter 5, in this chapter the conclusion has been made for the project
from the whole aspect and there are also suggestions to improve the micro hydro

generator system in the future, in case for the costing and commercialization.



CHAPTER 2

MICRO-HYDRO GENERATOR SYSTEM (MHGYS)

2.1 Introduction

This chapter explains about a theory of Micro Hydro Generator System (MHGS)
included operation of MHGS, measuring of head, flow rate and potential power
produces so that the reader will get a clear idea how the MHGS is working. To achieve
that first we need to study more about MHGS and doing more research about the MHGS
operation. This chapter also includes overview of Micro Hydropower potential in

Malaysia.

2.2  Operation of MHGS

A Micro Hydro Generator System (MHGS) convert the energy of moving water
into electricity. Instead, a portion of a stream or river is temporarily diverted into a pipe

system and to the micro hydro turbine and generator. It is then returned to its source.



Because of this these types of system have far less impact on the environment than large
scale hydro schemes. Micro hydro generator systems use the force of running water to
turn turbine blades, which spin a shaft connected to a generator. These systems are best
suited to rural sites, and can be set up wherever water falls from a higher lever to a lower
level, such as a waterfall, hillside, stream, or where a reservoir discharges into a river.
The type of turbine required will depend on the “head’ (the vertical fall) and the flow rate
of the water. There are two basic of turbines such as impulse and reaction. These
turbines are more details explanation in Chapter 3.

2.2.1 Measuring of Head

Generally, the distance the water falls depends on the steepness of the terrain the
water is moving across, or the height of a dam the water is stored behind. The farther the
water falls, the more power it has. In fact, the power of falling water is “directly
proportional’ to the distance it falls. In other words, water falling twice as far has twice
as much as energy. It is important to note we are only talking about the vertical distance
the water falls. The distance the water travels horizontally is consequential only in

expense of the system and friction losses. Head is usually measured in “‘feet’.

2.2.2 Measuring of Flow Rate

More water falling through the turbine will produce more power. The amount of
water available depends on the volume of water at the source. Power is also “directly

proportional’ to river flow, or flow volume. A river with twice the amount of flowing



water as another river can produce twice as much energy. This is also effect of choice a

size of pipelines. Flow volume is usually measured in “‘gallons per minute’, or ‘GPM’.

2.2.3 Measuring of Potential Power

The amount of power available from a micro hydro generator system is directly
related to the flow rate, head and the force of gravity. Once we have determined the
usable flow rate (the amount of flow we can divert for power generation) and the
available head for our particular site, we can calculate the amount of electrical power we

can expect to generate. This is calculated using the following equation [2]:

Pth=QxHxg

Pth = Theoretical water power output in W
Q = Usable flow rate in m*/s

H = Gross head in m

g = Gravitational constant (9.8 m/s?)

2.3 Overview of Micro Hydropower Potential in Malaysia

Malaysia comprises of two distinct regions which are West Malaysia covering
Peninsula Malaysia and East Malaysia covering North Borneo. In total, both regions
cover land area of 330 000 sg. km in which 58% is lowland areas and 42% is highland
areas [5]. The highland areas in Malaysia are created by numbers of well known ranges.

In Peninsula Malaysia, the highland areas are created by ranges such as Titiwangsa,



Tahan, Bintang, Kledang, and Pantai Timur. Barisan Titiwangsa range is the main range
which is considered as the backbone of Peninsula. In Sarawak, the highland areas were
created mainly by Tama Abu, Iran and Kapuas Hulu ranges. In Sabah the highland areas
were created by Crocker, Maitland and Brassey. With average rainfall of 2540 mm in
Peninsula, 2630 mm in Sabah and 3850 mm in Sarawak, Malaysia bless with abundant
streams and rivers flowing from the highland areas created by these ranges [6].
Combinations of highland area with huge river networks promise Malaysia with a lot of
micro hydropower potential. Figure 2.3 shows the map of Peninsular Malaysia.

THELARS

Figure 2.3  Map of Peninsular Malaysia
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2.4  Advantages of MHGS

The advantages of MHGS is efficient energy, meaning that it only takes a small
amount of flow or a drop as low as two feet to generate electricity with micro hydro.
Electricity can be delivered as far as a mile away to the location where it is being used.
Secondly, reliable electricity source, meaning that hydro produce a continuous supply of
electrical energy in comparison to other small-scale renewable technologies. Lastly, the
advantage of MHGS is no reservoir required, meaning that the water passing through the
generator is directed back into the stream with relatively little impact on the surrounding

ecology.

2.5 Disadvantages of MHGS

The disadvantages of MHGS is suitable site characteristic required, meaning that
factor to consider are distance from the power source to the location where energy is
required, stream size and balance system component like inverter, batteries and
controller. Second disadvantage is energy expansion not possible, meaning that the size
and flow of small streams may restrict future site expansion as the power demand
increases. Lastly, environmental impact, meaning that the ecological impact of small-
scale hydro is minimal, however the low-level environment effect must be taken into

consideration before construction begins.
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2.5 Summary

From this Chapter 2, we can see that before we develop the Micro Hydro
Generator System (MHGS), we must know to measure of head and flow rate include the
pipes. That is important to calculate output power of the system. Besides that, we also
know overview of micro hydropower potential in Malaysia that means suitable to install
of micro hydropower depend on land area. In this chapter also explain about advantages
and disadvantages of using MHGS.
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CHAPTER 3

DEVELOPMENT OF MICROHYDRO GENERATOR SYSTEM (MHGYS)

3.1 Introduction

This chapter explains about how to develop of Micro Hydro Generator System.
This chapter also will include hardware development system which is this system can
divide by two design to develop Microhydro Generator system used battery based
system. It also will cover about basic component of MHGS such as alternator, battery,
charge controller, power inverter, ballast load and turbine. The hardware and software
implementation also include about MicroCode Studio (PBP) Compiler, UPOOB PIC USB

Programmer device.

3.2 Hardware Development

The main project development of Microhydro Generator System (MHGS) is
hardware development. The hardware developments are included the mechanical system

design and electrical system design.
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3.2.1 Mechanical System Design

From this mechanical System design, Figure 3.1 shows that block diagram of
Microhydro Generator System (MHGS). This system is included the prime mover as
renewable source of energy is water. This project is used impeller turbine. The turbine
and generator is connected to the battery. This project is used alternator that functions to
charge the battery. The system charging of battery, voltage at generator must higher than
voltage at battery. This project also used lead acid battery is rating voltage and current is
12V 45AH. The Lead-acid batteries require protection from overcharge and over-
discharge. The charge controller in this project is operated that to prevent overcharging
of the batteries. The ballast load in this system takes the excess energy produced that is
no longer needed to keep the batteries charged, and diverts it to a waste load. This

system also used power inverter that functions convert from DC to AC voltage.

Charga AL

Jebad=T ] ot Pt e m—
— Battary Bank IAvarte Loads
12 Vdc
Ballast DC Loads

oS

Figure 3.1:  Block Diagram of Microhydro Generator System (MHGS)
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Figure 3.2 show that the hardware system of MHGS. The design is used impeller
as a turbine. The gear is connected by shaft at impeller turbine to rotate the alternator
using gear. In micro hydro system, water turns a wheel to rotate a turbine connected
alternator using gearing concept and produce electricity. These projects want to more
rotate and high speed to charge the battery. The concept of charging system, when the
charging system’s output is greater than that needed by the vehicle, it sends current into

the battery to maintain the batter’s state of charge.

Water source

Impeller Turbine

! '. ,
"»
Alternator

Figure 3.2:  Hardware System of MHGS
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Figure 3.3 show that this operation system of MHGS using AC Motor. Before we
installed at turbine, we must test using the AC Motor. Alternator is connected at the AC
Motor to charge the battery. The power inverter is connected at lead-acid batteries to
convert voltage from 12VDC to 220VAC. Power inverters are used to convert DC to AC
so that stored battery power may be used as needed by appliances and other loads. The
multi-meter at this figure is function to measure range of the voltage at lead-acid

batteries. VVoltage increase when speed of alternator is increase.

Alt t i i
ernator Lead-acid batteries

AC bulb

Multi-meter _’ -

Figure 3.3:  Operation System of MHGS using AC Motor
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3.2.2 Electrical System Design

The second part of this project is electrical system design. Figure 3.4 show that
the circuit charge controller. This project is used PIC 18F4550 as microcontroller. The
components for whole this circuit is used such as LCD display, crystal, resistor,
capacitor, transistor, LM7805, relay 5V, LED and DC motor 12V. The LCD is used to
display rating voltage at the battery. The LED green, yellow and red as signal for this
system. This circuit is operation base on voltage supply. When battery low, LCD can
display Battery Charging and LED Red is shown.

Figure 3.4:  Circuit charge controller using PIC18F4550
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3.3 Basic Components of MHGS

This project is using battery based system so basic components to develop of
Microhydro Generator System (MHGS) is turbine, alternator, battery, charger controller,
ballast load, power inverter and turbine. This topic can explain more detail about the

function for each component.

3.3.1 Alternator

An alternator differs from a dc motor in that it contains no permanent magnet.
Figure 3.5 shows that alternator which has a built in rectifier to convert the generated
AC signal to a DC signal. The specified turbines which convert mechanical energy into
electrical energy use an alternator that outputs a DC signal. The DC signal is then sent to
the battery where, along with the batteries a monitor will be needed this way you can
determine how much electricity the turbine is generating, the consumption of that energy

and battery capacity.

Figure 3.5:  Automotive Alternator
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3.3.2 Battery

Deep cycle batteries are best to use for any renewable energy system. Figure 3.6
show that, Batteries Lead-acid deep cycles are usually used in hydro system. Deep cycle
batteries are designed to withstand repeated charge and discharge cycles. The amount of
batteries in Micro-Hydro system will depend on our needs. The input voltage to the
batteries in a battery based system commonly ranges from 12 to 48 Volts DC.

Figure 3.6:  Lead-acid batteries

3.3.3 Charge Controller

A charge controller is connected with the battery operation to prevent
overcharging of the batteries. In the event of a power outage excess electricity could be
produced and the charge controller would absorb the excess energy to protect the
batteries. Hydro systems with lead-acid batteries require protection from overcharge and

over-discharge.
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3.3.4 Inverter

A battery bank does not enable users to live with all the conveniences of modern
living, as most appliances use high voltage AC (alternating current) while batteries can
supply only DC (direct current). Figure 3.7 show that inverters are used to convert DC to
AC so that stored battery power may be used as needed by appliances and other loads.
This power inverter is 1000W capacity to the load. Modern inverters are available in
virtually any wattage capacity, in recreational and commercial grades, in a variety of DC
voltages, and with the220-240VAC, 50 Hz output for the rest of the world and 120VAC
60 Hz output for North American applications.

Figure 3.7:  Inverter

3.3.5 Ballast Load

A ballast load takes the excess energy produced that is no longer needed to keep

the batteries charged, and diverts it to a waste load. Most of the time, we will find dump
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loads consisting of water heater elements or air heaters. A ballast load is a very

important component to the system.

3.3.6 Turbines

Turbines are commonly used today to power micro generator system. The
moving water strikes the turbine blades, much like a waterwheel, to spin a shaft. But
turbines are more compact in relation to their energy output than waterwheels. There
also have fewer gears and require less material for construction. Low head, low flow
turbines may be difficult to find, and may have to be custom-made [3]. There are two
general types of turbines like impulse and reaction. Figure 3.8 show that the waterwheel

is part of this system. This waterwheel has diameter 0.15m and 12 blades.

Figure 3.8:  Waterwheel
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3.3.6.1 Impulse Turbine

Impulse turbines, which have the least complex design, are most commonly used
for high-head micro hydro system. The most common types of impulse turbines include
the Pelton wheel and the Turgo wheel. That mean, the Pelton wheel uses the concept of
jet to create energy. Pelton wheel turbines are also available in various sizes and operate
best under low-flow and high-head condition. Another impulse turbine is Turgo impulse
wheel is an upgraded version of the Pelton. The size of Turgo is half the size of the
Pelton. Turgo wheel moves twice as fast. It is also needs few or no gears and good
reputation for trouble-free operation. The Turgo can operate under low flow condition

but requires a medium or high head.

3.3.6.2 Reaction Turbine

Reaction turbines, which are highly efficient, depend on pressure rather than
velocity to produce energy. All blades of the reaction turbine maintain constant contact
with the water. These turbines are often used in large-scale hydropower sites. Because of
their complexity and high cost, reaction turbines aren't usually used for micro
hydropower projects. An exception is the propeller turbine, which comes in many
different designs and works much like a boat's propeller. Propeller turbines have three to
six usually fixed blades set at different angles aligned on the runner. The bulb, tubular,
and Kaplan tubular are variations of the propeller turbine. The Kaplan turbine, which is

a highly adaptable propeller system, can be used for micro hydro sites [4].
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Figure 3.9 show that, Impulse and reaction turbine are two most widely used
methods of obtaining energy from water, there is another version which is a hybrid of
two. Called a Crossflow turbine, it converts energy from both the kinetic energy of water
flow and the pressure loss of the flow. It does this by performing the flow, at the
entrance of the turbine, into a rectangular jet and forcing this jet onto the blades of the
turbine. The orientation of the turbine axis is perpendicular to the flow, and the turbine
itself is hollow. Therefore, after the flow has struck the blades of the turbine, it falls
through the center axis and strikes the blade again on the bottom side of the turbine. This

imparts a loss of pressure in the flow and thus imparts more energy into the turbine [2].

Impulse Turbine Reaction Turbine
Moving :-.4'/' £
buckets Rotor g.’
Fixed : Rotati
nozzle =g nc?zilg] ad
i
bti\‘i:;?s = J Rotating
— = = |y nozzle
el [:j ~ Rotor = “
nozzle __[ij y J —u
B Stter g \'_
i Rotation

Stream Pressure

Figure 3.9: Comparisons of Impulse and Reaction Turbine
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3.4 Software Implementation

This section will discuss about software which has been implemented in this
project which are MicroCode Studio PicBasic Pro (PBP) Compiler for programming
PIC18F4550, Proteus 7 Profesional for designing the circuit and simulation for the
programming and also UPOOB PIC USB Programmer for writing the programming
language into the PIC18F4550

3.4.1 MicroCode Studio (PBP) Compiler

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

o Keyword based context sensitive help

e Support for MPASM



Below is the step to use the using MicroCode Studio software in charge controller and
display LCD:

Step 1: Opening New File

The first step to use the Microcode Studio is open the new file to create the program.

3 MicroCode Studio PICBASIC PRQ (Untitled.bas)
= ‘ 51| ‘ x,’"nf)a|=_=_‘gg
J =) " g ¥ da | am =

S0 Edit View Project Help

Y
Upen  Ctri+0
- B E untited
= Save Ctri+3
Save As, Tk r kAR KA xR AR A AK R A AR A AR A AR A A A A AR A AT AN E A7 F A A AR A TR E KA A
2 =
Seve All "%  Name : UNIITLED.BAS *
Seve A
o '+ Author : ([select VIEW...EDITOR OPTIONS] *
ose "% Notice : Copyright (o) 2010 [select VIZW...EDITOR OPTICNS] *
Close Ml i : All Rights Reserved x
Reopen » "+ Dale : 10/23/2010 .
'*¥ Version : 1.0 *
Print Setup... '+ Notes *
LT Print Praview.. rE : *
ok r kAR AR KRR KR E R AR A AR A A A A AR A A AN E AT A A A A KA E R R AR A AR
‘o Pint  Ctrl-P
et || Open New File




Step 2: Selecting PIC Model

The second step is selecting the PIC model to use.

ﬁ MicroCode Studio - PICBASIC PRO (Untitled.bas)

=] El

File Edit View Project Help

P
=

18F4510
Code Explorer 18F4515
18F452

[0 Indudes ~ 18F4520
Defines 18F4525
B 18F4539
|2 Constants FEREERI)
|3 Variables ggggu
[ Alias and Mt 154555
| Symbols  18F4610
18F4620

[ Labels 15F4530
18F6310
18F6350
18Fe410
18F6430
18F6520
18F6525
18F6585

Larenn Select PIC Model

18Fe627
18F6680 ‘

(X] @Untﬁad
PR AR AR AR AR AR A AR AR AR A A AT AATA AR AR A AT AT AA AR AT AAFARARAA R AR AT
'*  Name : UNTITLED.BAS *
'* Author : [select VIEW...EDITOR OPTIONS] *
'* Notice : Copyright (c) 2010 [select VIEW...EDITOR OPTIONS] *
' : All Rights Reserved *
'+ Date : 10/23/2010 *
'* Version : 1.0 *
'* Notes *
*
*

P R R R R A A A R A A A A A A AR AT A AR AR AN A AAAAAAAAAAAAAAAAT AR AT

18F6720
18F6722
18F3310 B
18F3390
18F3410
18F8450 i

Step 3: ADC Coding
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After open the new file and select the PIC model, the third step is write the ADC coding.

) MicroCode Studio - PICBASIC PRO (Icd5V.pbp)

Ok 9

File Edit View Project Help

1310000 &= @

Code Explarer - B B sy
= Indudes PRk AR A A AR A AR A A AR A A A A AR A AT A AT A AT A AR A AT AR A AR A AR A AR AT
= ) Defines "% Name : UNTITLED.BAS *
(8] osc "*  Author : [select VIEW...EDITOR OPTIONS] *
[B] ADC_bits "% Notice : Copyright (=) 2010 [select VIEW...EDITOR OPTIONS] *
[B] ADC_cLock 18 : A1l Rights Reserved *
[B] ADC_SAMPLELS '*  Date : 10/6/2010 *
| Constants "* Version : 1.0 *
|2 Variables "*  Notes *
|2 Alias and Modifiers A B *
2 Symbols Pk kA A A A AR A A AR A A A AR A AR A A A AR AR A AR A AR AR AT
) Labels

DEFINE osC 8
DEFINE ADC bits 8 —
DEFINE ADC_CLOCE 3 ADC COdIng

DEFINE ADC SEMPLEUS 50

ADCON1 =

o
ADCOND %11000001




Step 4: Define Variable & LCD Display

The fourth step is before start the all program we must define

instruction LCD display

D2 |
File Edit View Project Help

& v 2 v [18eass0 -

Code Explorer

|3 Indudes

I Defines
(o] Lco_DREG
(o] Lco_perm
o] LCD_RSREG
(o] Lco_RsBIT
(o] LcD_EREG
(o] Lco_EBIT
(o] Lco_BITS
(o] Lco_LmES
(o] Lco_commanDus
(o] Lco_paTaus
o] osc
[B] ADC_bits
o] apc_crock
(o] aDC_sampLEUS

| -

[E3

9 MicraCode Studio - PICBASIC PRO (coding18f4550.pbp)

= B 5 codingiafasso
'* Notice : Copyright (o) 2010 [select VIEW...EDITOR OPTIONS]

: All Rights Reserved

'*  Date : 10/17/2010
'+ Versieon : 1.0
'+ Notes :

[E3

PAR R AR A A A AR AR AAAAAAA XA A A A AR AR AAAAAAA AR AN AR AAAAAAAA A AAE
LCD_DREG PORTE ' Set LCD data port to PORTB

DEFINE
DEFINE

DEFINE
DEFINE

DEFINE
DEFINE

LCD_DBIT 4 ' Set data starting bit to 4

LCD_RSREG PORTB' Set RS register port to PORTB
LCD_RSBIT 3 ' Set RS register bit to 3

LCD_EREG PORTB 'Set E register port

LCD_EBIT 0 'Set E register

bit to 0

*
*
*
*
*
*
*

= [) Constants DEFINE 1LCD BITS 4 ' Set 4 bit operation
(] convi DEFINE 1LCD LINES 2 ' Set number of LCD rows
[g] conv2
= Variables DEFINE LCD COMMANDUS 2000 H
Jﬂ Res DEFINE LCD:DATAUS 255 Deﬁne LCD
[¥] volts1

Step 6: Compile Program & Error Checking

D2k |
File Edit View Project Help

Code Eorer -8

7 MicroCode Studio - PICBASIC PRO (codingl8f4550.pbp)

[ coding1sfassa

'*  Notice

Copyright (e) 2010

10/17/2010

'# Versicn : 1.0
'* Notes H

) Symbols

=) I
= I3 Define) rE
[B] Lo '* Date
[o] Lco_pel
[o] Lco_RsrE
[8) LCD_RSRT e
[8] Lco_er) .
[B] Lco_eB Com |:)|Ie EFINE
|o] Leo BT EFINE
[o] Lco_Lines
[b] Lco_commanDUS DEFINE
[B] Lco_paTAus DEFINE
o] osc
[B] ADC_bits DEFINE
[o] apc_cLock DEFINE
[b] ADC_SAMPLEUS
=1 I3 Constants DEFINE
(€] convi DEFINE
€] comv2
= ) Variables DEFINE
[¥] Res DEFINE
[¥] volts1
[¥] volts2 DEFINE
V] advall DEFINE
|3 Alias and Modifiers DEFINE
DEFINE

EEE A AR A AAAAAAA AR AR AR

[select VIEW...EDITOR OPTIONS]
2411 Rights Reserved

LCD_DREG PORTEB ' St LCD
LCD_DBIT 4 ' Set data stq

LCD_RSREG PORTE' S=t RS 3
LCD_RSBIT 3 ' Sst RS regi

LCD_EREG PORTB 'Set E reg
LCD_EBIT 0 'Sst E rsgisty

LCD_BITS 4 ' Se=t 4 bit of
LCD_LINES 2 ' Set number

LCD_CCMMANDUS 2000
LCD_DATAUS 255

MPASM v4.01

Assembling._
CODING™1.ASM
Iz

Errors:
‘Warnings:
Reported:
Suppressed
Messages:
Reparted
Suppressed:

Lines Assembled:

‘\

™N

s

osC 4

ADC_bits 8
ADC_CLOCE 3
ADC_SEMPLEUS 50

*
*
*
*
*
*
*

Compile
Progress

Error
Report
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variable and declare
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After all steps are done, the PIC is ready to write by using UPOOB PIC USB

Programmer.

3.4.2 UPO00B PIC USB Programmer

UPOOB is the enhanced version of UPOOA. As PIC MCU is gaining its popularity
in market for student and hobbyist, more low cost and user friendly programmer is
needed. Previous USB PIC Programmer, UPOOA is obsolete because it cannot support
Windows Vista, fail to program many new PIC MCU, further the firmware is not
upgradeable. Hence, UPOOB is now introduced to you! It comes with two ZIP sockets to
offer program loading to 8 pin, 18 pin, 28 pin and 40 pin PIC MCU (8 bit) by using
Microchip PICKit2 software. It offers a low cost yet convenience USB PIC Programmer
to user. Loading program to PIC MCU will be as easy as 1, 2, 3. It has been designed

with capabilities and features as below:

e USB powered, no extra power needed to load program

e Two ZIF sockets (20 pins and 40 pins) to ease program loading process
e Support most 8pin, 18pin, 28pin and 40pin PDIP 8 bit PIC MCU

e Support windows XP and Vista

e Support Intel and AMD based system

e Support Laptop and desktop PC

Package Including:

e 1 USB Programmer UPOOB
e« 1 USB Cable (B type)
o 1 Software Installation and User’s Manual CD Rom
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Figure 3.10: CYTRON USB Programmer

3.4.2.1 Board Layout

Table 3.1 Function of Board Layout Identified

Label Function
A ZIF Socket 20 pins
B ZIF Socket 40 pins
C Switch selector for PIC pins of ZIF Socket 20 pins
I Busy LED
E Power LED
13 Program Button
G Connector for ICSP

28
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Figure 3.11: Board Layout USB Programmer UP0OB

3.4.2.2 Installation (Software)

The programmer software for UPOOB is Microchip PICkit 2 Programmer
software. This is simple instructions, the following section will guide user to install this

software.
1. Place UPOOB CD in to computer or laptop CD drive.
2. Browse to folder “UPQ00B setup”.

3. Double click “setup” to run the installation wizard.
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3.4.2.3 Plugging the Microcontroller

40-pin Microcontroller

e Plug in the microcontroller at the ZIF Socket 40 pin (indicated on the board) and

push the toggle as shown.

Figure 3.12: Plug-in 40-pin Microcontroller

3.4.2.4 Program the PIC Microcontroller

To start writing the C-language in PIC18F4550, first run PICkit 2 Programmer software.

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

Programmer.



& PICkit 2 Programmer - UPODB
File Device Family Programmer Tools View Help

PIC18F Configuration

Device:
User IDs:

Checksum:

PICKkit 2 connected. ID = UPO0DB
PIC Device Found.

PIC18F4550 Configuration: 0500 1F1F
COOF EDOF

FF FF FF FF FF FF FF FF
2358
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E=N|EoR~<=)

8300 0085
400F

@ MICROCHIP

WDD Target
) i ] Check 5.0
| Read || wiite || Vedfy || Emse || BiankCheck | O] /MCLR
Program Memory
Enabled Source: |Mone (Empty/Erased)
Qo000 FFFF FFFF FFFEFE FFFFE FFFF FFFF FFFEFE FFFF B
oolo FEFF Frnrn FEFE FEFE FEFE FFFE FEFF | |
o020 FFFF FF. “FFFF FFFFE FFFF FFFF FFFEFE FFFFE
o030 FFFF FFFF FFFE FFFE FFFFE FFFF FFFE FFFE
o040 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ooso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
00a0 FFFF FFFEF FFFE FFFE FFFEFE FFFEF FFFE FFFFE
ao7a FFEE FFEE FEFTE FEFE FFEE FFEE FEFTE FEFFE
aogo0 FFFF FFFF FFFEFE FFFFE FFFF FFFF FFFEFE FFFFE
oao90 FFFF FFFF FFFEFE FFFFE FFFF FFFF FFFEFE FFFFE
Q00 FFFF FFFF FFFEFE FFFFE FFFF FFFF FFFEFE FFFF
QO0BO FFFF FFFF FFFEFE FFFFE FFFF FFFF FFFEFE FFFF -
et = Auto Import Hex
) Ensbied
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF = Read Device +
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF [ | Bxport Hex File
2N FF FF FF ¥FF FF FF FF FF FF FF FF FF FF FF FF FF —
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2. To write Hex code to PICKit 2 we must first open the hex file. By clicking the
icon shown, choose the coding to burn at PICKkit 2.

BB Import Hex File =
(j(:)v‘ .. » Robocon 2010 » coding » - ‘ﬂ~| ‘SEEJ"L'h P |
‘ Organize * gg8 Views ~+ [ Mew Folder
Eronteinks Name Date modified Type Size i
E| Documents || blink2
=
Bl Recent Places (2] BLUETEAM
|7 BLUETEAMZ
Bl Desktop .
- || codingl8f4550
IS Computer 7] codj Type: HEX File
, AppData = Size: 3.45 KB
I || DISPLAY V
@ Recently Ch d = Date modified: 10/29/2010 3:46 AM
ecently Change 17 dunia
E Pictures |7 forward
E Searches | 2] kelip
) Public | 7| knight rider
|7 latestRed
(2] led
(] led5V
|7 LCD13v
L * 5] 1cdas50 -
File name: coding 164550 +  |HExfies v
| Open I [ Cancel l




3. Then, icon showed the hex code.

'@ PICKit 2 Programmer - UPOOE el = )|
File Device Family Programmer Tools  View Help

PIC18F Configuration

Device: PIC18F4550 Corfiguration: CE24 0OF3F 8500 0081

User IDs: FF FF FF FF FF FF FF FF COOF  EOOF - 400F

Checlcsum: SADD

Warning: Some configuration words not in hex file. G MII:FIQI:HIP

Ensure default values abowve right are acceptable.

VDD Target
) [ Check 50
[ Read ] [ Wiite ] [ Verify ] [ Erase ] [ Blank Check ] ] /MCLR
Program Memory
Enabled Source: [C:\...cbocon 2010ceding'coding] 2f4550. hex
oooo 6214 EFO04 Fool SOED &EO07T 9081 9681 9681 =
0010 9093 9693 9693 0EOF 1693 5007 B214 pozz [
0ozo OE3R &EO1L OESE ECAC Fooo 0E33 6EO0E DE2F
0030 0E13 &EO1L OEES ECAC Fooo 829 OE64 ECAB
0040 Fooo 825 OE64 ECAE Fooo 0E22 6EO0E DE1F
0050 OE28 DE07 0EOC DE0S OEO0E DE03 8214 5007
0060 Dool 8014 6EO0E RO14 DOORE 9681 0803 ES0E
0070 DE0D 0EOT &E01 0EDO ECAC Fooo s0D& o012
0080 8014 0&8FE B4DE EFO01 Fool 8681 RO14 9014
0oso s081 0EOF 1881 S008 OBFO 1281 081 3n08
00RO BO14 D7ES OEFF ECAE Fooo s0Da EFO01 Foo1
00BO SE15 5009 BADE BE15 OEOS &EOE OE27 L
EEREIO R Auto Import Hexx
Eraied
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF = Read Device +
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF| | Export Hex File
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF -
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF - ‘ PICKit 2
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4. After that, click write to check the programming is successful. When it is

completed, the icon will show the Programming successful then the PIC18F4550 is

ready to be plug out.

File  Device Family  Programmer  Tools View  Help

PIC18F Configuration

Device: PIC18F4550 Corfiguration: CE24 0F3F 8500 0021
UserIDs:  FF FF FF FF FF FF FF FF COOF  EOOF  400F
Checksum:  9A00 OSCCAL BandGan

e S Mcrock

e ———— VDD Target

[C] Check 50 [
| Read || Wite || Vedy || Emse || BankCheek | [ .mcir :
Program Memory
Enabled Source: [C\__obocon 2010\coding\coding 1 8f4550_hex
ao0oa sR14 EF04 FOOl S0ES &EOQ7 a08l1 9681 9681 o
0010 9093 9893 9893 OEOF 1693 5007 B214 Doz22 I:I
ao20 OE3L gEO01 OESE ECAC FOaoQ 0E33 gE0& DE2F
Q030 0E13 gEO01 OEESE ECRC FoaaQ DE29 O0E&4 ECLE
Qo040 Foao DE25 OE&4 ECLE Foaa QE22 &6EO0& DE1F
a050 OE28 Dgo7 OEOC D805 OEOQ& D803 2214 5007
00&0 Dool 5014 6EO&G nOl14 DOoB 9831 0803 E30E
ao7a DEaoD QEQ7T gEO01 QEDOQ ECAC FOaoQ 20De ao12
aoE0 2014 O08FE B4DE EF01 Fool 268l A014 9014
Q090 2081 QEQOF 1681 S00& OBFOQ 1281 a0sl1 IA0E
Q0RO BO14 DT7FS OEFF ECLE FOOO 20DE EF01 FOOl1l
O0BO 9E1S 5009 BADS B8E15 OEOS 6EOS OE27 6EO3 -

& PICkit 2 Programmer - UPOOE =l B[S

EEPROM Data Auto Import Hex

[¥#] Enabled Hene Oinbe - + Wirite Devire
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3.5 Summary

The concept and method development of MHGS have been described in this
chapter. All the components of this project must check specification and test. Make sure
all the components can be function before installed. All the circuit in this project will be
controlled by PIC18F4550 microcontroller which acts as the processor in this project. 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
PIC18F4550 microcontroller can constantly operate and functioning so that it will keep

all circuits runs. Next, in chapter 4 present more detail about result and discussion.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

In this chapter explains about results and discussion for whole development of
Microhydro Generator System (MHGS) process will be describe. The result will be
discussed in this chapter is for the data collection of automotive alternator with using
AC motor and also using Tachometer to measure the speed rotation. This chapter also
will discuss about charge controller for the system. The calculation in this chapter is
depend on the result of data collection of automotive alternator. It depends on water
pressure and rotation of speed to generate power for this system. The important of this
project is generate more power using pressure water to produce electricity can achieve
the objectives of this project. Every discussion and analysis stated in this chapter also for
the whole system problem, the better solution need to come-up in order to overcome

every flaw and problem of this MHGS.
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4.2  Alternator Output

Alternator is mechanical energy is transferred from the engine to the alternator
by a grooved drive belt on a pulley arrangement. Through electromagnetic induction, the
alternator changes this mechanical energy into electrical energy. The alternating current
generated is converted into direct current (DC) by the rectifier, a set of diode which
allow current to pass in only one direction. The alternator output test check the ability of
the alternator to deliver its rated output of voltage and current. Output current and
voltage should meet the specifications of the alternator. From the experimental result is
data collection of alternator output using AC motor, frequency controller and tachometer

to measure rotation speed of alternator.

Table 4.1:  Alternator speed without battery

Frequency Controller, Hz | Speed without battery, RPM

0 0

20 250.4
25 284.4
30 367.9
35 389.5
40 441.1
45 534.7
50 611.1
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Table 4.1 shows that the measurement of rotation speeds without battery using
frequency controller. The minimum rotation speed of alternator is 250.4 rpm and
maximum at frequency 50Hz is 611.1 rpm. The rotation of alternator is high when
without tap battery because the amature no voltage produce.

Table 4.2:  Alternator speed using battery

Frequency Controller | Speed using battery, RPM

0 0

20 210.4
25 268.8
30 353.9
35 370.3
40 400.3
45 480.5
50 550.6

From the table 4.2 show that frequency controller and speed using battery. The
experiment is to measure of rotation speed using battery. The minimum rotation speed of
alternator is 250.4 rpm and maximum at frequency 50Hz is 611.1 rpm. The different
without battery and using battery is speed. The battery supplies current to energize the
alternator. During charging, the battery changes electrical energy from the alternator into

chemical energy. When used the battery the alternator produce voltage at amature.
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Table 4.3:  Alternator output current

Frequency Controller | Rotation Speed of Alternator, RPM | Current, A

0 0 0

20 250.4 0.1
25 284.4 0.1
30 367.9 0.2
35 389.5 0.2
40 441.1 0.3
45 534.7 0.3
50 611.1 0.4

Table 4.3 shows that the alternator output current is measured used multi-meter
and tachometer. The data is collected using frequency controller as control the speed of
AC motor. When increase the frequency controller so the current produce is high. The

rotation of alternator is effect of produce current.
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43  Water Power Output

Water power output can measure by using this formula and 0.6 is efficiency of
water power.

Pth=QxHxgx0.6

Pth = Theoretical water power output in W
Q = Usable flow rate in m3/s

H = Gross head in m

g = Gravitational constant (9.8 m/s2)

Table 4.4:  Theoretical of Water Power Output in Watt

Water Power Output, W | Usable flow rate in m%s, Q Gross head, m
58.8 10 1
176.4 15 2
352.8 20 3
588.0 25 4
882.0 30 5

Table 4.4 show that theoretical calculation of water power output in Watt. Flow
rate and gross head is effect to produce water power. The power formula demonstrates
that a site with high head might only need a small flow while a site with a high flow
might only need a small head. While a micro hydro unit can operate with as little as two
metres of head, most units used in domestic situations will require at least ten metres
head. Designing and installing the pipe work for a site with less than ten metres head can

be very difficult.




4.3 Charge Controller Circuit

Figure 4.1, show that, the charge controller circuit where it used PIC18F4550 as
controller using simulation of Proteus 7 Professional. The circuit function when detect
voltage at battery. Figure 4.1 show that LCD display voltage at battery and LED show
colour green when voltage full. If voltage full higher 12V relay is functioning to run
motor. That mean signal of voltage is higher than 12V. Transistors amplify current, for

example we can be used to amplify the small output current from a logic IC so that it can

operate a lamp, relay or other high current device.
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Figure 4.1:

Voltage full at 12V using simulation
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Figure 4.2 shows the hardware test using DC power. Figure 4.2 show that LCD
display 13V and 100% when DC Power supply is 13V and current is 0.09A, meaning
that the voltage is full. The programming can be program to show the percentage of

charging battery and display at LCD.

SO0 1)

ATETYYYYERTYRYYYY T o

Figure 4.2:  Voltage full at 13V and 100% using Power DC supply
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Figure 4.3 show that, we can see when voltage is 7V, then the LCD display

voltage low and the LED Yellow is on show that voltage is low by using simulation.
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Figure 4.3:  Voltage low at 7V using simulation
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Figure 4.4 using DC power supply 11V and current is 0.07A then LCD display
voltage 12V and percentage is 60% meaning that voltage is low. The voltage is different

from simulation this is because hardware has voltage drop.
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Figure 4.4:  Voltage low at 12V and 60%
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Figure 4.5 show that, when voltage is 4V, then the LCD display battery charging
and the LED Red is on show that battery start charging and the voltage is different from

simulation this is because hardware has voltage drop.
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Figure 4.5:  Battery charging at 4V using simulation
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Figure 4.6 using DC power supply 8.1V and current is 0.06A then LCD display
voltage 9V and percentage is 30% meaning that battery is start charging. The LED Red
is show that signal battery in start charging.
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Figure 4.6:  Battery start charging at voltage 9V and 30%
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4.6 Summary

According to the results and discussions in this project, there are some important
things that could be consider in order completing the whole MHGS, it is the sensitivity
of this system. The speed is very important to generate power and produce electricity.
This project also wants to high pressure of water to rotate the turbine very fast. The
theoretical or water power output is depend on flow rate and gross head. Before we
install the system, we must measure the gross head and flow rate. The suitable place to

install this system at high mountain.
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CHAPTER S

CONCLUSION

5.1 Conclusion

As a conclusion, this project is almost always more cost-effective than any other
form of renewable power. The objectives of the development of Microhydro Generator
System (MHGS) were successfully fulfilled. Which are first by designing the hardware
of mechanical part of turbine by using gear bicycle which can be operated. This project
that utilized the use of PIC microcontroller, for charge controller and display voltage
rating via LCD display circuit has successfully integrated between each other. In this
chapter also include the future development. 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. Lastly, for long term this project, in case for the
commercialization especially in Malaysia.
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5.2 Recommendation

The recommendation of this project is for next improvement process the student
must study the Microhydro Generator System (MHGS) in detailed and make sure to
understand and a new upgrade can be done to make the MHGS more effective and
generate more power. Before install the system make sure to measure the pressure of
water and high of head. Other than that, choose of turbine is effect of the system. In
designing the hardware and circuit device is very important to effective of this project.
The last future recommend that can be done is to design of MHGS is produce more

electricity and reduce the cost of construction.

5.3  Costing and Commercialization

This part will describe the parts and overall cost of fabricating the development
of Microhydro Generator System (MHGS). This part also will explain the

commercialization of project.

5.3.1 Costing

Table 5.1 shows the cost of the component and the total cost. The total cost of
the development of Microhydro Generator System is RM347.45. 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 hardware and electric and electronic components that used

and involve in this project.
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Table 5.1: The cost of components
Device Qty | Model Manufacture | Unit cost(RM) | Extendedcost (RM)
Alternator |1 Kancil 55.00 55.00
Turbine 1 10.00 10.00
Shaft 1 6.00 6.00
Power 1 220.00 220.00
Inverter
Pipe 1 3.00 3.00
Resistor 8 330,100, | Cytron 0.04,0.07 0.38
1K Ohm
Transistor | 2 2N2222 | Cytron 0.20 0.40
LED 3 Cytron 0.12 0.36
Crystal 1 4MHz Cytron 0.12 0.12
Stripe 1 Cytron 5.00 5.00
board
Heatsink |1 Cytron 0.65 0.65
Capacitor |2 0.1uF Cytron 0.12 0.24
Diode 12V | 2 Cytron 0.30 0.60
LM7805 1 Cytron 0.70 0.70
PIC 18F4550 | Microchip 30.00 30.00
LCD 1 2X16 15.00 15.00
JHD16A
Total 347.45
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5.3.2 Commercialization

This project can be commercialize by built the new Microhydro Generator
System (MHGS) that follow the feature that have been recommended in the suggestion
section, it is due to the target cost of the recommended Microhydro Generator System is
more cheaper than this new invention one. The new microhydro generator system has

the higher commercialize value because it can solve



[1]
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CHARGING SYSTEMS

General

The charging system converts mechanical energy
into electncal energy when the engine is running.
This energy is needed to operate the loads in the
vehicle's electrical system. When the charging
system's output is greater than that needed by the
vehicle, it sends cumment into the battery to maintain
the battery's state of charge. Proper diagnosis of
charging system problems requires a thorough
understanding of the system components and their
operation.

Operation

When the engine is running, battery power
energizes the charging system and engine power
drives it. The charging system then generates
electricity for the vehicle's electrical systems. At
low speeds with some electrical loads "on” (e.g.,
lights and window defogger), some battery current
may still be needed. But, at high speeds, the
charging system supplies all the current needed by
the vehicle. Once those needs are taken care of,|
the charging system then sends current into the
battery to restore its charge.
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CHARGE
LAMP .
BATTERY ™=
ELECTRIC b
s
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CHARGING SYSTEMS

Toyota Charging Systems
Typical charging system components include:

IGNITION SWITCH
When the ignition switch is in the ON position,
battery current energizes the alternator.

ALTERNATOR

Mechanical energy is transferred from the engine
to the alternator by a grooved drive belt on a pulley
arrangement. Through electromagnetic induction,
the alternator changes this mechanical energy into
electrical energy. The alternating current
generated is converted into direct current by the
rectifier, a set of diodes which allow current to
pass in only one direction.

VOLTAGE REGULATOR

Without a regulator, the alternator will always
operate at its highest output. This may damage
certain components and overcharge the battery.
The regulator controls the alternator output to
prevent overcharging or undercharging. On older
maodels, this is a separate electromechanical
component which uses a coil and contact points to
open and close the circuit to the alternator. On
most models today, this is a built-in electronic
device.

BATTERY

The battery supplies current to energize the
alternator. During charging, the battery changes
electrical energy from the altemator into chemical
energy. The battery's active materials are restored.
The battery also acts as a "shock absorber” or
voltage stabilizer in the system to prevent damage
to sensitive components in the vehicle's electrical
system.

INDICATOR

The charging indicator device most commonly used
on Toyotas is a simple ON/OFF warning lamp. It is
normally off. It lights when the ignition is turned
"on" for a check of the lamp circuit. And, it lights
when the engine is running if the charging system
is undercharging. A voltmeter is used on current
Supra and Celica models to indicate system voltage
... itis connected in parallel with the battery. An
ammeter in series with the battery was used on
older Toyotas.

FUSING

A fusible link as well as separate fuses are used
to protect

circuits in the charging system.

ALTERNATOR

REGULATOR

/IN DICATCN

IGNITION
SWITCH
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CHARGING SYSTEMS

Alternator Operation

GENERAL

The operation of the Toyota compact, high-speed

alternator is
diagrams.

shown in the following circut

IGNITION ON, ENGINE STOPPED
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CHARGING SYSTEMS

ALTERNATOR OUTPUT TEST

The altemator output test checks the ability of the
altemator to deliver its rated output of voltage and
current. This test should be pe ed whenever
an overcharging or undercharging problem is
suspected. Output current and voltage should
meet the specifications of the altemator. If not, the
alternator or regulator (IC or external) may require
replacement.

A Sun VAT-40 tester, similar testers, or a separate
voltmeter and ammeter can be used. Toyota repair
manuals detail the testing procedures with an
ammeter and voltmeter. Follow the manufacturer's
instructions when using special testers, although
most are operated simﬁarﬁr. The following steps
outline a typical procedure for performing the
altemator output test using a Sun VAT-40:
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CHARGING SYSTEMS

Charging Without Load
1. Prepare the tester:

= Rotate the Load Increase control to OFF,

» Check each meter's mechanical zero. Adjust, if
necessary.

* Connect the tester Load Leads to the battery
terminals; RED fo positive, BLACK to negative.

« Set Volt Selector fo INT 18V.

» Set Test Selector to #2 CHARGING.

» Adjust ammeter to read ZERO using the electncal
Zero Adjust control.

* Connect the clamp-on Amps Pickup around the
battery ground (-) cables.

2. Turn the ignition switch to "ON" (engine not
running) and read the amount of discharge on
the ammeter. This is a base reading for cument
the altemator must supply for ignition and
accessories before it can provide current to
charge the battery.

MOTE: The reading should be about six amps.

3. Start the engine and adjust the speed to about
2000 rpm. Some models may require a different
speed setting.

4. After about 3-4 minutes, read the ammeter and

voltmeter. Add this ammeter reading and the
reading found in step 2 (engine not running).

NOTE: The total current should be less than 10
amps. If it is more, the alternator may still be
charging the battery. Once the battery is fully

charged, you should get specified results.

The voltage should be within the specs for the
altemator. This is usually between 13 and 15 volts.
Refer to the appropnate repair manual. If the
voltage is more than specified, replace the
regulator. If the voltage is less than specified,
ground the altemnator field terminal " and check
the voltmeter reading. This bypasses the regulator,
s0 do not exceed the specified test speed. If the
reading is still less than specified, check the
alternator.

5. Remove ground from terminal "F."

Charging With Load

6. With the engine running at specified speed,
adjust the Load Increaze control to obtain the
highest ammeter reading possible without
causing the voltage to drop lower than 12 volts.

7. Read the ammeter.

NOTE: The reading should be within 10% of the
altemator's rated output. If it is less, the altemator
requires further testing or replacement.



CHARGING SYSTEMS

TROUBLESHOOTING THE COMPACT, HIGH-SPEED ALTERNATOR.
Check Battery First!

Check for improper contact in allernator
1 | sonnectors (B, I3, 3 and L) ar cpen carcult YES | Fepair fault anc stan enging. Is charge
i wiring (including 1G and CHARGE lamp turmed on?
circuit fuses) or & short circuit.
I NO
NO YES .
i Go o
Step 4
Turn ignition off. Check for a short circuit YES
2 | in lpad betwesn L and Ground. (Electric
choke alemant, amission compuler, alc.) l

|" Repair or replace ad device )
NO '.{hmweﬂn L and grownd.

Start engine and check battery voltage at

anging speed of 2000 rpm. (Al other apn
slectrical Ioads off.) Is voltage 14.5V = WO Gmyr\d alternator “F tEm'iI'IfJ ?nd raiss
3 |pgvr engina spead to 1200 rpm. 15 7B terminal

{lower) valtage above 137

Hote: When regulator temperature i

above BO°F, voltage range is 13.0-15.5V. ¥ES NO
1
Replace IC Repair alternator.

regulator (Tr [Open in coil,

open, ebc.). brushes, eic.

YES e~ :
j

; 1

Check alternator outpul using a carbon

pile tester. {Sun VAT-40 or equivalent.) (] |
4 | When loaded (battery valtage no Kwer ;'eogz'rggf;rﬂﬂ:;-:l[ﬂefec ive
than 12V} 15 current outpul within 105 of ! U

alternator rated oufpul?

YES Repeat

Step 4

1
(H charge lamp is still on, check charge )

lamp circuit again.
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Bil State No. of Sites Total estimated
available power (kW)
1 Tohor 12 1687.9
2 Negeri Sembilan 17 848
3 Malacea 0 0
4 Selangor 2 3438
5 Pahang 26 4835.1
6 Perak 34 9945.9
7 Kedah 5 496.7
§ Penang 0 0
9 Perlis 0 0
10 Kelantan 10 1420
11 Terengganu 3 829.9
204073
Bil | Stream Name Site Location Available | Catchment Annual Available | Possible Energy
head,m Al'ea,kln: Flowrate.mj;s Power kW Demand
Bentong
1 Sg. Tampik Kg Ceringing Hulu,Janda 110 2 0.11 71.2 Alternative off -
Baik grid connection
2 Sg.Sum Sum | Kg. Sum Sum.Janda Baik 160 1 0.05 471 Alternative off grid
connection
3 Sg.Leba Orang Asli village of Kg. 180 5 0.13 1377 Off gnd generation
Sg.Leba
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Temerloh
6 Sg.Galng Orang asli Kg. 80 4 0.1 471 Off grid generation
Mentuh,Jenderak
7 SgRangit Pusat latihan Gajah Kuala 120 5 0.13 91.8 Alternative off grid
Gandah connection
Kuantan
§ Sg Jerangkang Jerangkang waterfall 240 8 025 3532 Alterative Off grid
generation
Kuala Lipis
9 Sg.Sempar Orang asli 100 6 0.28 164.8 Off grid generation
Kg Tifum,Hulu Jelai
10 Sg.Senub Orang asli Kg. Kuala 80 3 0.14 65.9 Off grid generation
Besuk,Hulu Jelai
11. SgBetau Orang asli 120 6 0.28 197.8 Off grid generation
Kg Cerung Hulu Jelai
12 Sg. Sinderut Orang asli 40 8 0.32 452.1 Off grid generation
Kg Sinderut Hulu Jelai
13 Sg. Rungak Orang asli 140 6 0.28 2307 Off grid generation
Kg Shean.Hulu Jelai
Rompin
14 | SgAirBesar | KgTekek Tioman island 260 0.126 1928 Off grid generation
15 SgLalang Kg Lalang, Tioman 160 4 0.17 160.1 Off grid generation
island
16. Sg.Paya Kg Paya, Tioman island 160 2 0.08 753 Off grid generation
17| SgNipahand | TgNipah, Tioman island 120 7 0.29 2048 Off grid generation
Sg.Seriah
18, SgKeliling Kg.Juara, Tioman island 120 4 0.17 1201 Off grid generation
19. | SgMentawak | KgJuara, Tioman island 220 5 0.21 272 Off grid generation
2. SgAsah Kg Asah, Tioman island 120 3 0.13 91.8 Off grid generation
21, SgRaya Kz Mukut, Tioman island 160 b 0.25 2354 Off grid generation
Cameron Highland
Iy Sg. Terisu Pos Terisu.orang asli 80 10 043 2025 Alternative off grid
settlement connection
2. Sg.Menlock Kg.Teji.Pos 200 11 0.64 7534 | Off-grid connection
Telanuk Ringlet
21, SgBertik Kg Rening Ringlet 80 5 0.29 136.6 | Off-grid connection
25 Sg.Cai Kg Renglas,Pos 100 7 041 113 | Off-grid Connection
Telanuk Ringlet
26. SgKelow Pos Mensun Ringlet 120 7 041 289.6 | Off-grid Connection
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MicrRocHIP PIC18F2455/2550/4455/4550

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

Universal Serial Bus Features: Peripheral Highlights:

USB V2.0 Compliant * High-Current SinkiSource: 25 mA25 ma
Low Speed (1.5 Miv's) and Full Speed (12 Mbi's) Three External Interrupts

Supports Control, Interrupt, Isochrenowus and Bulk Four Timer modules (TimerD to Timer2)

Transfers * Upto 2 Capture/Compare/PWM (CCP) modules:
* Supports up to 32 Endpoints {16 bidirectional) - Capture is 16-bit, max. resolution 5.2 ns (TCYME)
* 1-Kbyte Dual Access RAM for USB - Compare is 16-bit, max. resolution 833 ns {TCy)
* On-Chig USB Transceiver with On-Chip Voltage - PWM output: PWM resclution is 1 to 10-bit
Regulator * Enhanced Capture/Compare/PWM (ECCP) module:
* Interface for Off-Chip USB Transceiver - Mulfiple output modes
* Streaming Parallel Port (SPP) for USE streaming - Selectable polarity
transfers (40/44-pin devices only) - Programmable dead time

- Auto-shutdown and aute-restart
Power-Managed Modes: Enhanced USART module;

Fun: CPU on, peripherals on - LIM bus support
Idie: CPU off, penpherals on Master Synchronous Serial Port (MS5P) module

* Sleep: CPU off, peripherals off supporting 3-wire SPI (all £ modes) and 2™

* ldie mode currents down to 3.8 pA typical Master and Slave modes

* Sleep mode currents down to 0.1 p& typica * 10-bit, up to 13-channel Analog-to-Cigital Converter
* Timer1 Oscillator: 1.1 pA typical, 32 kHz, 2V madule (AD) with Programmable Acquisiion Time
= Watchdog Timer: 2.1 nA typical * Dual Analog Comparators with Input Multiplexing

Two-Speed Oszcillator Start-up _ _
- Special Microcontroller Features:

Flexible Oscillator Structure: + C Compiler Optimized Architecturs with optional
* Four Crystal modes, including High Precision PLL Extended Instruction Set

for USE + 100,000 Erase/Write Cycle Enhancad Flash
* Two External Clock modes, up to 48 MHz Frogram Memary typica

Intermnal O=cillator Block: 1,000,000 Erase/\Write Cycle Data EEFROM
- 8 user-selectable frequencies, from 31 kHz Memaory typical

to 8 MHz Flash/Data EEPROM Retention: = 40 years
- User-tunable to compensate for frequency drift Self-Programmable under Softwars Confrol
Secondary Oscillator using Timer1 @ 32 kHz Priority Levels for Interrupts
Dual Cscillater options allow microcontroller and 8 x & Single-Cycle Hardware Multiplier
USB module to run at different clock speeds Extended Watchdog Timer (WDT):
Fail-Safe Clock Monitor: - Programmable period from 41 ms to 131s
- Allows for safe shutdown if any clock stops Programmable Code Protection
Single-Supply 5V In-Circuit Seria
Programming™ {ICSP™) via two pins
In-Circuit Debug (ICD) via two pins
Opticnal dedicated ICDVICSP port (44-pin devices anly)
Wide Operating Voltage Range {2.0% to 5.5V)

Program Memory Data Memony M55P = E
_ _ 10-Bit | CCP/ECCP 2 Timers
Device Flash | # Single-Word | SRAM | EEPROM LT ichl| (P SPFP sP1 I‘.'lzaster w0 E. 8HE-Bit
ibytes) | Instructions | (bytes) | (bytes) Focm™ 3 8
FICIEF2455 | 24K 2045 256 24 10 20 Mo ¥ W 1 2 113
PIC18F2550 | 22K 2048 2566 24 10 20 Mo ¥ W 1 2 12
PIC1SF4455 | 24K 2048 256 25 12 1M es ¥ W 1 2 13
PIC18F4550 | 22K 2048 256 25 12 1M fes by Ny 1 2 13

2 2007 Microchip Technology Inc. Preliminary DS305220-page 1



PIC18F2455/2550/4455/4550

Pin Dilagrama

28-Pln POIE, S0IC

TG iR E1 - ]+ RETFRLPED
R DA D mem [ 3 [ = REGNREPGD
RA AN a3 ] e RESFRHPGE
R AL A ] |4 I == E0aEhiiEnED
RELLYI e a—| |2 i | | +— ErsEREtcEI e
EAATIDELCIOUTECY - ] % il 1[] = RESERENTINMD
A B A T VDT 30U = ] i % 330 = BEER TSRS
L [ - [ a—s REOMNTI IVHTOFLTZASONS DA
soicLin—-[ & = }:a-.— W
ascEtaRas — 40 s R faf ] — W
ST 0 S B0 e ] 14 18] = ROTRLTTIS00
BT YR R RO = O] 13 I-‘a-—l ROATRACK
mopno — iz 1] |+ poap=mp
LT e WEL] 15[+ ROAD-W
40-PIn PDIR
TR IR ] o p— , - an [T a—s ROAKRAPOD
PLAAMPD a3 6 [T a—s ROAKRIZPLD
;LT s ] 260 [T s ROSKEISPOM
LT L ATLLTERAR [T - ] a7 [T a—s ROAWY HINNDeD ISR
Bk JAH 1A e a—e[] 5 8 [T a—s BRASSRCOFE e
REATICHUACOUTRDY a—]a 25 [T o= RORRMLTNT AT
LA TR TR et Th S o 58 [T s RS SWIT SO ISEL
I L] e ] o 500 [T st RO NN T TL T DOS DA TR
B ANMACEISPP a—s ]9 oy T a—
REMAMTIOESPS a—e[] Ty 5 [T a——atimn
W) et [ 1 ,H;i !g 50 [T st ROTISPRTIFD
W ——e[] 22 Liih 5[] a—= ROSISPREERC
OSCANLE ] ——s ] £ [ 3 [T~ ROSsPrsn
OGOMTLIVAAS e[ 54 7T o= ROAEPTY
BCOT 10GT EMCK] a—e] 05 T a—= BOTRRDTAED
ROSTHOSVRORRWITTE a—s] ua =] e BORTERE
ROMCPAPAE a—s ] o7 248 f] a—= RCEDWE
(LTS — B T e BCAID-N
ECOIP PO a—a ] 2 [T a—= ROIEPFY
ECISPP a—e[] 3 # { a—= ROIGPET

Fems 1:

RIS & e slhweasis pin o SOFF moliplading

SHINEEILcags ¥

Preliminary

DAY Reschilp Technslegy I

66



PIC18F2455/2550/4455/4550

67

TAELE1-1: DEWVICE FEATURES

Foxiurss FIC18FZ46E PIC1EFIEED FIC1EF4458 FRC18F4BED
Cperatimg Fregquency DL — 48 M- O — 48 KMHz OO — 45 MHz T — 48 M-
Program Memory (Bybes] HETE A2TER JAETE Z27EA
Program Memory (Insnaciions] 12288 15384 1258 €38
Ciata Fdemory [Bybes) 2042 208 2048 048
Ciaia EEFRCA Memory {Exies) 25E 2K 255 i
Imterrupt SouTes 1% 1= .| 20
i3 Pors Porls &, B, T, (E) | Porls &, B8, C, {El |Poris & B, C,0.E| Fois &8 B, S.0,E
Timers 4 4 4 4
Caphuns CompansF R kodules. z i 1 1
Enkanced Capiurs’ [ [ 1
Compan=Fik Modules
Earial Communications MESF, FASER, MEER, MESF

Enfancsd LGART | Enhancet IISART | Enhanced USART | Enhanced UBART

Unte=rsal Seral Bus {IUES) 1 1 1 i
kioulz
Etrearning Faraliel Fort [(SFF) Mo Mo g g

1321 Amalog-ic-Cigial Module

10 Ingiek Channels

10 Input Channeis

13 Input Channeis

13 Input Channels

Comparalons

-

-

-
3

=

F=sels [and Dsiays) FOR, BOM, FOR, BOR, FOR, BOS FOR, BOR,
pESET Irslucion, | aesET Instruciion, | xesET Inshucion, | resET Instruction,
Stack Full, Hack Full, Elack Fu Stack Ful,
Stack Undsrfiowy | Slack Undediow | Stack Underdfos Fack Underion
(JFNHT, OST) JFWNHT, ST} |, C4ST) [FANST, OET),
TZLR jopfonall, | WCLH (opiionali, | FCLE [oplionan. | FACLR (oofonall,
WOT WOT WOT WOT
Frogrammable Low-olaps e e b= ez
Dt
Frogrammable Erown-oult Reset b= iz L g
Insiruction Set 75 Instruchons; 75 Instruchons; 75 Imsirucions; TS Instructions:
B3 wilh Exiended | EI with Eviended | 83 with Evisnded | &3 wih Exbend=d
nsruchion Set nsruction Set rsirucbom Bet Instneciion Set
enabied enabied enanied mreablesd
Packages 25-pin FOIP 28-pin POIF £3-pin PTIF 4-pin FOIP
Z8-pin S0IC ZE-pin S0IC &d-pin 2FHN dd-pin IFH
d-pin TEEF 44-pin TGEFP

Preliminary

DT Wisszch p Tach=sdagy I

SEEINLD-owe d
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TASLE 1-2: PICTAF24552550 PIROUT N0 DESCRIPTIONS
Fin
Nurmiber
Fim | Earffer
Fim H T Cacorips
m Hama — Type acmwripZon
aoic
=
MOLRPRRES 1 fdasher Clzar {impui} or programming woitage nput).
W= =T Liasher Clear (Reset) Input. This oin s an aciivedow
Riaged bo the device
VP F Frogramming sofages input
REZ BT DigkRal Inpns
CEC1MCLE - Dscliaior crysfal or exiennal dock Input
DECH Arakog Cimcillabor crysial input or sxlernal dock sounce input.
CLE] Anakog Extemal clock sourme Inpuk. Akvays associsted wih pin
funclion OSC1. {Bee OECACLED pin.}
CECACLNTRAS 10 Zscliaior crysfal or chock owiput.
o552 o —_ Cscilizhor orysial cuipul. Conneds o ovsial o resonaior In
Crysial Dscliafor mods
CLED o — m seiect modes, OECT pin outputs CLED which has 14 the
frequency of OECT and denobes e irstucion cyde s,
RAE o TIL General purpose B0 pin.

Hipbs 1:

2. Detauh assignment for

Lagand: TTL = TTL compatibl= Input
BT = Schmitt Tagger Inputt whnh CROS epsis |
S = Cusfpul
All=mai= assignmens for CCP2 when SOFPZME Configuration bit |5 de=ared
2 wireen SOPZRE Configurabon bif s 5=

Ea

CHOS = CARZE compaible Inpest or ouwiput
= Input
P w [Fower

SHMIESI LAy 12

Preliminary

D SUCY Wieszchilp Tashnsegy I
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PIC18F2455/2550/4455/4550

TAELE 1-3: PICAEF4455/4550 PINOUT 10 DESCRIPTIONS (COMNTINED)
Pin Humissr
2In Hams Fin | Eartar Desoripbon
FoIF | GFs | Tase | TAPe | Tree
FOAETA I a bidirecHoral KO port
FLACVABIT 2 15 s
LA | TTL Digkal W,
AR Araiog| Anakog mpuld
FLAATAMA 3 s 20
LA Iz | TTL Diglal 3.
AR Aralog| Anakg kput i
RAZANAREr £ Zi 21
[y a
FLAZ iz | TTL Dugkal .
AR Araiog|  Anakg mpul 2
YRor- Araiog| AT refersnce voliage (low] Input
Cynor O |Araiog| Analog oomparator rederenos output
FLASAM e+ 5 Jre 22
FLAE iz | TTL Diglal 3.
ARE Arakog|  Anakg bput 3
YREr+ Araiog| AT reference voliage (high] Inpuet
RAATOCE LS STy B = 23
RCY
Pl st a7 Digkal .
TOCK 85T Times] sylemal dock Input
CIoUT o —_ Comparaior 1 culput
RCY TIL Exfermal UIEH iransceiver RCY Input.
RLAS AN TR 7 id 24
HLWDHMAC0LT
FLAS Iz | TTL Diglal 3.
AR Aralog|  Anakg mputd
53 TTL EPI slarve selech Inpast
HLYDM Araiog| Hghflow-volage Delect mput.
C20UT o —_ Comparaion Z oulput
PLAE — — — — — e fhe QECITCLKIOEAS pin.
Lagand: TTL = TTL compabbi= input CRCE = CRICES pompafible Input or oufput
BT = Schmift Trigpsr inpui with CROE leyeis = [Fput
& = Dt P = Fower
Hobte 1: Allemais assigrment for CCP2 when SOFZME Configuralion bt 1z clesred
2 Dbl assipnment for S5 2 winen COPZREE Configurabon bE s s=8
3: These pins 2re Ko Conmect unless e ISFRT Configurafon il s set. For NCATFOSRTS, 1he pin s Mo

Correct uni=ss ICPRT I saf and the DESUG Corhguralion bi 1= cleaned.

D CCT Wicedch p Tachsskegy e

Preliminary B 04 30 aga 17
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PIC18F2455/2550/4455/4550

TASLE 1-3; PICZ1BF 44354550 PIROUT 1D DESCRIPTIONS [CONTINUED)
Fin Mumiber -
Fin Hame In | Burtar Diecaription
Fooe | @Fn [Tare | T¥RR| Troe
FORTE ks a bldirecSonal 10O por. FORTE can be sobaae
orograrnmed for intemal weak pulli-ucs on allinpoks.
REIVAN 1 29T 33 5 =
FLTOESCHEEDA,
RED Iz | TTL Chiphiad 14T
AMIZ | |Arniog|  Aralog input 12,
IKTD 1 aT Exl=mal imberrupt 0
FLTD | aT Enkanced Pl Fault input (ECCP1 module)
5D 1 aT EF1 data n
S0M, e | 8T FC™ data 112,
REAAAN T DINTSCH e 10 5
SCL
RE1 Iz | TTL Dl 14D,
AMID | |Arniog|  Aralog input 10,
KT 1 aT Exl=mal inbemupt 1.
SCK [} aT Eynchronous serial clock Input'output for 3P mods.
0L i) aT Synchronous sarial clock Inputicutput for FC mods
REZAMBANT 2D 35 11 10
REZ Iz | TTL CHighiad 11T
ANE | | Ao Aralog Input E.
IKT2 1 aT Exl=mal imbermupt 2.
WD a —_ Exlemal LSS ranscsiver VRS ouiput
REFANIFCCFINED 35 12 1
RE= I | TTL Dhigpitad 1603,
ANS | |Arniog|  Aralog Input 5.
ol e | 8T Capture 2 puliCompane 2 oulput™ A 2 output,
VRO o — Exl=mal LSS transosiver VPO ouiput.
REAMTMEINCSERPF| 37 14 14
REL Iz | TTL CHighiad 11T
AR | |Aresiog]|  Seebod Inpat 11,
WEID | TTL Inisnrupi-orechangs pin.
CHEPF (] —_— EFP chip ssisct conlrol cukput
RES™EHPIM 38 E 1=
REE I | TTL Dhigpitad 1603,
KEH 1 TTL Infisrrupi-or-change pin.
PGEM [} aT Low-voikaps FCSP™ Frogramming enabile pin.
RESEEEPGEC k) 1€ 16
RES Iz | TTL Chigiad 11T,
K22 | TTL Irfisrruni-or-changs pin.
PGEC 1 aT Ir-Cinouit Cebugger and HZEP programming ciock pir.
RETEE[LPGED 40 17 17
RET Iz | TTL Chighiad 11D,
KER 1 TTL Infisrrupi-or-Cchange pin.
PGED 1 aT Ir-Cinouit Cebugger and HZEP programming data pin.
Legemnd: TTL = TTL compadole mput CRDE = CASTE compaiibke Inpst or ouiput
ST = Echmili Trigger Inpul with CMTE levels w gt
O = Culput F = [FORer

Hiots 1:

Allrmale assgnment dor S0F2 winen COPIAE Configuraion bE I cieaned.
ZE  Defaull assignmeent for S5FZ when SCPZVE Confdpuration B8

5 aEL

I Thess pins are Mo Connect unless the ICFART Comiguration bt ks set. For NOICFORTE, the pin Is Mo
Conrectunless |CPRT s set and the DEBUG Confgurafion bt s clearsd.

SHMIEEID-piga 132

Freliminary

DD WEsechlp Tashnsdkegy Ind
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PIC18F2455/2550/4455/4550

TEBLE 1-3: PICIEF42554550 PINCUT O DESCRIPTEINS [COMTINUED)

An Hurmiser
ln Nama Fin | Effor Desgaripton
FoIP | GFu | Taer | TARR | Trpe
FORTC I3 aidinzctional W0 part
REITISEDITI30E] 15 k=) az
RGO 13 ar Digkal 3.
THOED ] — Timesr! cesclliior castput.
TH35K] 8T Timesrt Timer3 exiemal dock Input
RCAITISENCCRY 15 35 35
USE
c1 st ar Digkal 2.
TSl CRCE| Timer cesclizior input
corl Iz | &t Caphure 2 InpuiCompare 2 culput PN 2 oufpul.
oTE o - Externaal USE Transosteer s ouput
CUDCFIPIA 7 iE 3E
2 13 ar Digkal 3.
CCP s ar Captune 1 InputiCompares 1 culputPIAE 1 cfpul.
Fi4 o TIL Enhanced SR PAWAB oulput, chamnel Al
RCATT-NA 23 42 42
RiCE TTL Digkal Input
G- 13 — UIEE differ=nial minus Ine (npobiouipaet)
Wi TIL Exiernal UEE frmnsoeiver W Input
ROSD=NP 24 43 43
RCE TIL Digkal Input
i+ 1S —_ UEE differ=niial phos ne Inputioculput).
i TIL Exiernal UEH fransosiver WP Input.
ROETXCK 25 44 44
RiZE 13 ar Digkal 3.
= o — EUSASRT aspnchronous iransmi
CK 1S ar ELSASRT synchrorous clock {s=e RXTDT).
ROTRIDTIEDS 25
RCT s ar Digkal 2.
RX ar ELSAST aspnchronous necafe.
OoT 13 ar EUSASRT synchrorous dats (s=e THCK]L
BT ] — EP| datn ouit
Laganad: TTL = TTL cormmetsi= input CMCE = CRICS compatbie Input o oufpul
BT = Schmif Trigoer Input with TAVOE leyels = [rpul
3 = Cudput P = Fower
Mobte 1. All=mate assigrment for COPZ when SOFZMX Confguration bt s cleamed
2 Detsult assipnment for S0F 2 witen COPZRE Configurabon BE Is st
&  These pings 2r= Ko Connect unkess the [ICFRT Configura@on il s set. For NCOCFORTS, e pin Iz Ro

Conrect unizss ICPRT 15 521 and The DEEUG Corfigurabion BF |5 cleaned,

L/}
0 ICT Wisselip Tacheskgy I Preliminary DS 308320 paga 14




FIC18F2455/2550/4455/4550

TESLE1-3: PICTAFZ4554550 PINOUT WD DESCRIPTIONS (CONTINUED)

Fin Murmiber =
Fir Harma In | Buter Dsecripbion
FO® | @Fn [Tarp | TRE| Tyee
FORTD Iz abkclectoral O o or & Sreaming
Faralie] Fort [(SFFL Thes= pins fass TTL Input bufiers
witeen the SPF module |5 snabled,
ROOEFFD fig - 35
RECT [{e) aT Chigital 113,
SFFD Iz | TTL Bireaming Faralie] Fort data
ROAEFF a0 =5 3%
RO [{=) aT Crigital 11T,
aFF Iz | TTL Eireaming Faralke] Fort data
ROZEFP2 s | Lin 4
REC2 [{e) aT Crigital '3,
8FF2 Iz | TTL Bireaming Faralie]l Fort data
ROZEFFE 22 41 41
RO3 Iz aT Drigital 113,
SFF3 Iz | TTL Bireaming Faralie] Fort data
RO4IEFP4 a7 Z z
RO4 [{=) aT Cigital 11T,
SFFd Iz | TTL Bireaming Faralie] Fort data
ROSEFPSEPIE 28 3 3
ROS Iz aT Drigital 113,
SFFS Iz | TTL Bireaming Faralie] Fort data
P1E L] —_ Erkanced CCFT PR oulput, channe] B.
ROEEFP&PIC 23 4 4
ROE Iz aT Ciigital 113,
SFFE Iz | TTL Bireaming Faralie] Fort data
PiC L] —_— Erkanced SO PR oulput, channe] &
ROTIEFFTPID aa g 5
ROV o BT Ciigital 113,
aFFT Iz | TTL Eireaming Faralke] Fort data
F1D L= —_ Enkanced TOFT PR output, chanre] O
Legemd: TTL =TTL compadsis mput CRIOE w CWEDE compatibks Input or ouinet
ST = Echmili Trigger Inpul with CHMCE [evels w gt
2 = Julpt P = FOREr

Miofs 10  Altemale assignment for S0F2 wihen COPIAE Configurabon bR s ci=ansd.
¥ Defoul assignment for CEFZ when SEPZWE Condpuration D s set.
I These pins ar= Mo Connect unless the [ICFRT Conmigusaiion bt ks set, For MCNIDFORTE, the pin s Mo
Connect unl=ss ICPRT s et and the DEEUG Configurafion bt s cheared.

DEIRETID-page 20 Freliminary i I0ET Wicschip Tastnsie gy I
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC1GF4455/4550 PINOUT KO DESCRIPTIONS (CONTINUED)
2in Murmimer
AIn Name Pin | Earfar Decaription
FoIP | GFn | Tasp | TP | Tree
SCATE k& bldrectional 1°2 port.

RECVAMEMETEFF B s 2

RED Iz a7 Digkal 3.

A Aralog Anakg mpul &

CEASPR o —_ EPP clodk 1 oulput.
RELMNETHIEPF El i 2

RE1 | L a7 Digkal 2.

AN Araieg| Anakeg mpuls

CKISPF o —_ EPFP clock 2 oulput.
REZAMTSZESPF 10 iy a7

REZ Iz a7 Digkal 2.

AT Analog Anakg mpul 7

CEEEF o — EPP culpul =nane outpul.
REZ —_ —_ —_ —_ — | See MCLRWFRRED pin.
WiEs 2, 31|6.30,| .29 P — | Srownsd refErence for gl and KO pins.
Voo 1,32| 7.8, | 7.2 P —  |Fozrve suzply fior lsgls and 0 pins.

25, 23
Wusn 18 T v ] — nhemal LSS 3.3 wollape reguishor oulout
cacoKcpac - | =] 1z ran Conmect or dedicates ICDHICER™ port clock.

Tats: vz | a7 n-Circut Demugper ook

ICFGE Lo a7 Z5P programming clock
NCACDTACFGD™ - | — 13 Mo COnnect or dedicatss ICOICGER port clock.

oo vz | ST n=Cincul Dezagger data

IGFGD [ a7 ZSP programming daka.
[ Tntiked-roim [adf bl — —_ 33 Mo Connact or dedicatsd ICDICER port Rt

ICRET —_ Master Clear (Resell mpul.

ICveR F - Frogramming wolags Inous
HosFoRTEN! - | - 34 F — | Rz Conmmict o ZE-pin cesyoe smuation.

CRORTE Snatie ZE-pin device amulshor when conreciad

o e,
HC — 13 — — — P Ceonineeict.
Laganch: TTL = TTL comoabbi= input CROE = CRICE compatible Inpul o outpul
BT = Schmif Trigper input with CLODE ey = Input
o = Ouiput F - Fmer

Hobs 1: Allemai= assignment fior CCP2 when COFZME Confguration bt s de=ared

2. Defaul assipnment for S5R 2 wihen COPIRE Configurabon b [s s=8

3: These pins ar= Ko Conredt unkess the [CERT Configura@on il s set. Sor MOACPOSTE, e pin 2 Ko
Connect uniess ICPRT Is 521 and #he CESUG Configurabon bi 15 cieansd.

DGO Wisssch g Tach=sdagy e

Preliminary
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PIC18F2455/2550/4455/4550

52  PIC18 Ingtruction Cycle

5321 CLOCKIMNG SCHEME

The microconinoler dock Inpui, whether from ae
ritermal or extemal source, | Riemally divided by fiour
o gererabe four non-overiaoping quadratre Clocks
oal, 22 83 amd Sl Indemally, e program oounier Is
ncremerfed on eyery Q) the RstucHon Is fsiches
from hi= program memary and lxiched indo the InsTuc-
Baon Reglster (IR durieg G4, The Insfruction s deooded
and sy=culed during the following 21 throuph 34, The
ciocks and Instnacion sx=cuiion fow are shown &

£22 INETRUCTICN FLOWFIRELIKING

Ap “irstruction Cyde” consiss of four O cycles: G
IFrough 2. The Insinaciion fetch and sxsculs ane pips-
Insd in such ammanner hal a tefch lak=s one Instnaciion
opcle, while the decod= and eweculs fake=s another
Instuction cyde. Hovweyer, due to the pipeining, =ach
nsruction affechsely specui=s b one cyde, H an
Instruction causes the prograrm courder o change (=.g.,
soro], hen o cydes are required 1o complsis the
Instruction [Example S-3).

& felch cycle begies with 5 Program Countsr {PC]
ncrEmenteg m Q1

Slgur= E-3.
Iy the Ewecufion cyoiz, the felched Insnocfon |s lalched
Inby e Insinaciion Ragisher (R In cycle 21, This
nsruchon Iz then decoded and mpecuied dusing the
22, 33 and 34 cycies. Dala memory ks read dusng @2
[op=rand r=ad] and writen curng ©d4 (destnation

mrte].
FIGLUIRE 5-3: CLDCHIINETRUCTION CYCLE
@ | GF | oF | Gé | oG | o | oo | Gd o | @2 | as | ad |
ot L e e e e e e 1
@ ; [ — | — I
= | ! i | r w—l] 1=lerrl
o] F 7 i " " lasm
| / | | || cizei
b § . ] ! [
REL [ E PC+ ¥ i Fr=d |
CECCLED
R Fisle) r o 1
I Tescms PR T IBC — 01 I I
I TFadzh W (FL Camerss IRGT (PL 1
Fadzh F4ST 50 + 31 Tash P Pe+n
Faiza ST J5C + 4} |
EXAMPLE 5-3: INETRUCTION PIPELINE FLOW
Tewid T T2 T3 Tioed TS
1. FOVIN E&h | Fetch1 | Ewecuted
1. MOVER FORIE Feich 2 Eweouhe 2
1. FmA ETW_2 Fabth 3 Esmure 3
4. I5F  FORTA, HITS (Porced BOE) Fatch 4 Flush iNOE)

E. Inptrosticon & addosaw SR

Felch SUS_1 | Execwt= SUE 1 |

Mobs: Al Instrucions ane single cycle, excapt for any peogram branches. Thess ke teo cycies sinos the Sabos
rsfruchion ks Tiushac™ foer the pipeins whils e nes Insruchon ks Daing fshohesd and then se=cuiss

i CT Misselig Tactisskegy (e Preliminany
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DEFINE OSC 4
define ADC_bits 8
define ADC_CLOCK 3

DEFINE ADC_SAMPLEUS 50

DEFINE LCD_DREG PORTB ' Set LCD data port to PORTB
DEFINE LCD_DBIT 4 ' Set data starting bit to 4

DEFINE LCD_RSREG PORTB' Set RS register port to PORTB
DEFINE LCD_RSBIT 3 ' Set RS register bit to 3

DEFINE LCD_EREG PORTB 'Set E register port

DEFINE LCD_EBIT O 'Set E register bit to 0

DEFINE LCD_BITS 4 ' Set 4 bit operation

DEFINE LCD_LINES 2 ' Set number of LCD rows

define LCD_COMMANDUS 2000

DEFINE LCD_DATAUS 255

"START GREETING"

PAUSE 1000

LCDOUT $FE,2," VOLTAGE "
Icdout $FE,$CO, " DETECTED "
PAUSE 3000

LCDOUT $FE,1 'LCD CLEAR

LED var PORTD
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OUTPUT PORTD.1
OUTPUT PORTD.2
OUTPUT PORTD.3
output PORTB.0
output PORTB.3
output PORTB.4
output PORTB.5
output PORTB.6

output PORTB.7

'i var byte

'j VAR BYTE

Res1 var word
Res var word
voltsl var word

volts2 var word

convl con 19

conv2 con 61
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ADCON1 = %1110 'setting ANO as analogue input

Pause 1000

ADCIN 0, res 'ANO -> Res

'ADCIN 1, RES1

LOOP:

if ( rES < 228) then
' ledout SFE,1
Icdout $FE,2, " 30%"
Lcdout $FE,SCO, "Battery Charging"
PAUSE 1000
HIGH PORTD.3 'RED LIGHT
LOW PORTD.1
LOW PORTD.2
GOTO LOOP1
pause 2000
GOTO LOOP

endif



if (RES =>255) theN
Icdout SFE,1
Icdout SFE,2, " 100% "
Icdout $FE,$CO, " VOLTAGE FULL "
PAUSE 1000
HIGH PORTD.1 'GREEN LIGHT
LOW PORTD.2
LOW PORTD.3
GOTO LOOP1
pause 2000
goto loop

ENDIF

LOOP2:
if (229 <= RES <= 244) then
Icdout SFE,1
Icdout SFE,2, " 60%"
Lcdout SFE,$CO, "VOLTAGE LOW"
PAUSE 1000
HIGH PORTD.2 'YELLOW LIGHT
LOW PORTD.1
LOW PORTD.3

GOTO LOOP1



pause 2000
GOTO LOOP

endif

GOTO LOOP

ADCIN O,RES

LOOP1:

Volts1 = Res / conv1l

Volts2 = Res / Conv2

Volts2 = Volts2 / 100

Volts1 = volts1 + volts2

LCDOUT SFE,2,"V =" ,dec2 volts1, "V"
pause 1000

'goto loop

end
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Flow Chart
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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

I var byte

J var byte
adcon1=$0e
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

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

pause 1000
Icdout $fe,1

i=0
j=0
loop:
adcin 0,datal

if datal>$40 then
low portb.2
HIGH Portd.1
Icdout $fe,1
Icdout $fe,$80+2, "Protection Off"
Icdout $fe,$c0, "Fault:Overcurent”
pause 1000
=i+l

if i=3 then goto stopl

else

high portb.2
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low portd.1

Icdout $fe,1

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

=i+l

if j>5 then i=0

count portd.2,5000,timerl

if timer1>5000 then i=0

endif
goto loop

stopl:

end
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PIC18F4550 MICROCONTROLLER, ADDRESSING MODES AND

INSTRUCTION SET

MicrRocHIP PIC18F2455/2550/4455/4550

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

Universal Serial Bus Features:

= USBE V2.0 Complant

* Low Speed (1.5 Mivs) and Full Spesd (12 Mb/s)

* Supports Control, Interrupt, lsochrenous and Bulk
Transfers

* Supports up to 32 Endpoints {18 bidirectional)

+ 1-Kbyte Dual Access RAM for USB

* On-Chip USB Tranzceiver with On-Chip Voltage
Regulator

* Interface for Of-Chip USE Transceiver

* Streaming Paraliel Port (SPP) for USE streaming
transfers (40V44-pin devices only)

Power-Managed Modes:

* Run: CPU on, peripherals on

* ldie: CPU off, peripherals on

* Sleep: CPU off, peripherals off

+ ldie maode currents down to 5.8 pA typical

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

* Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
* Four Crystal modes, including High Precision PLL

far USB
* Two External Clock modes, up to 48 MHz
* Internal Oscillator Block:

- B user-selectable frequencies, from 31 kHz

to B8 MHz

- User-tunakble to compensate for frequency drift
+ Secondary Oscillator using Timer! @ 32 kHz
Dual Cecillater options allow microcontroller and
USE module to run at different clock speeds
* Fail-Safe Clock Monitor:

- Allows for safe shutdown if any clock stops

Peripheral Highlights:
+ High-Current Sink/Source: 23 mALZS ma

Three External Interrupts

Four Timer modules (TimerD to Timer2)

Up to 2 Capture/Compara/PWh (CCP) modules:

- Capture is 16-hit, max. resolution 5.2 ns (Toy1E)
- 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:
- Multiple output modes

- Selectable polarity

- Programmable dead fime

- Auto-ghutdown and autc-restart

Enhanced USART module:

- LIMN bus support

Master Synchronous Serial Port (MSSF) module
supporting 3-wire SPI (all £ modes) and 2o
Master and Slave modes

10-bit, up to 123-channel Analog-to-Digital Converter
madule (AD) with Programmable Acquisition Time
Dual &naleg Comparators with Input Multiplexing

Special Microcontroller Features:

+ T Compiler Optimized Architecture with cptional
Extended Instruction Set

+ 100,000 ErazefNrite Cycle Enhanced Flash

Frogram Memory typical

1,000,000 Erase/Write Cycle Data EEPROM

Memory typical

Flash/Data EEPROM Retention: = 40 years

Self-Programmable under Softwars Control

Priority Levels for Intermupts

8 x B Single-Cycle Hardware Mulfiplier

Extended Watchdog Timer (WDT):

- Programmable period from 41 ms fo 1312

Programmakle Code Protection

Single-Supply 3V In-Circuit Seria

Programming™ {ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

Opticnal dedicated ICDVICSP port (44-pin devices anly)

Wide Operating Voltage Range (2.0V fo 5.5%)

Program Memory Diata Memory MSSP = é
_ ~ 10-Bit | CCP/ECCP 3 Timers
Device Flash | # Single-Word | SRAM | EEPROM 2 | ain ichy| (P SPP - Mzaster ® E. BHE-Bit
{bytes) | Instructions | (bytes) | (bytes) ecm™ 2 a
PIC18F2455 | 24K 12288 2045 258 24 10 20 Mo Y ki 1 2 1/3
PIC12F2650 | 32K 16334 2045 268 24 10 20 Mo Y i 1 2 1/3
PICI2F4455 | 24K 12288 2048 258 a5 12 1M ez Y i 1 2 113
PIC12F45850 | 22K 16324 2048 258 a5 12 1M b Y i 1 2 13

2 2007 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

Pin Dilagrama
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TAELE 1-1: DEVICE FEATURES

Faxiurss FIC18F 2465 FIG1EFZEED FICG1EF4456 FRZA8F46RD
Cpenaling Frequency Do — 45 M-z O — 48 KHz Do —4& MHz s — 48 M
Frogram Memory [Bytes] HETH qITE8 J4ETE 3ZTRE
Frogram Memory [Insfnaciions] 12388 18354 1ZzE8 16384
Dt Memory [Bytes] 2048 2043 248 Z048
Diaia EEFRCH Klemory |Exi=s) =k 25X 2EE. i
Interrupt Sowres 13 13 210 20
1’3 Pors Foris A B, G, (E) | Porls &, 8,5, (E] |Poris &, B, D E| Fofs A B, S 0 E
Timers 4 4 4 4
CanhureCompansFInTd kisdules 2 2 1 i
Erbanced Caplunss i0 o 1
CompaneFivid Modules
Barial Communications WESP, MESF. MEEFR, MEGF

=Enhancsd USART | Enhanosd USART | Enhanced USAST | Enkanced UBART

Unieersal Seral Bus {UES) 1 1 1 1
Kiodul=
Eireaming Faraliel Fort (5FF) Mo Ho g Yisg

1HEI Aralog-fo-Tigtal ModulE

10 Inza:t Chanmels

10 Input Chanmneis

13 Input Channeis

23 Inpat Charrek

Companalors

-

-

=
-

-

Re=zels (and Dsiays) FOR, BOR, FOR, BCH, FOR, BOR, =CR, BOR,
BESET Inslruciion, | REsET Insiniction, | RESET Instucion, | resET Insdruchon,
Siack Full, SRack Full, Elack Fu Sack Ful,
Siack Underficey | Slack Undediowy | Slack Undedfiow ack Underfow
(FWNFT, OET) (FWNFT, OET) | PR, ST (FARAST, ST,
TCLE joptonal), | WCLR jeptionaly, | FCLR (cplional, | TACLCR (ondonal),
WOT WOT WOT WoT
Programmable Low-voiage b b g Y=g
Dietect
Frogrammable Erowrrout Aeset “fimeg L L Yiag
Insiruciion Set TS Insiructions; TS Instrucons; 75 Insiruciions; T& Insructions:;
B3 wilh Exierded | B3 with Exiended | 23 with Eviended | 53 with Exiended
nsfruction et nsruction St rsiructon Saf Instnuciion Set
enabied enanied enanied mriables
Fackages 2E-pin FDIP 25~pin FDIF &0pin FDIF 40-pin FOIF
28-pin BCIC Z&pin S0IC ad~pin EFH dd-pin QFH
dd-pin TG dd-pin TEFP

L./
Preliminany

D SUC T Ricsech p Tach=okegy

SEEEL -t
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PIC18F2455/2550/4455/4550

FIGURE 1-2:

PIC1EF 445514550 (40744-PIN) ELOCK DIAGRAM
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TAELE 1-2: PIC1AF2455 2550 PIROUT 1D DESCRIPTIONS
Fin
N
Fim | Eurffer
Fin H T Cacorips
n Hama — Type acoripZon
aoic
I
MILANPRRES 1 aster Clezr {imput) or programming wollage dnputl.
1 =T Aasher Clear |R=set) Input. This oin s am aciive-low
Raged bo the device
WP P Frogramming wokage Input
RE: BT Digkal Inzs
CECICLE - Csdliator crysial or exiennal clock Inpt
CECH Arakg Crscilabor crysial Input or sxi=rnal clock source input.
CL®l Anakg Exfemal clock soume inpck, Awvays associsted wih pin
fznclion OECH. {Bee SECACLED pin.|
DECRCLKDRNAS 10 Tsdliator crysial or chock ouipet
o&5C2 o —_ osclahor orysial cuipul. Conneds o oysial o resonaionr in
Crysial Csclisfior mode
CLED c — I seiect modies, OECT pin oufpuls CLED wihich has 14 the
frequency of DG and denobes e irsirucion cyde i,
LA o TiL General purpose B0 pin,

5T

Hobs 1:

GaIaEIDpage 12

Lagand: TTL = TTL compatibl= Inout
= Schmikt Trigper Inpuf wiih CMOE leysis |
- it
Al=mat= asskpnment for CCP2 when COFZREE Comliguration bt Is deared
2. Delach assignment for

CROS = CMOE compailbks Inpst or owdout
= Input

P = [Fower

SO winen COPZRLE Configurabon bl s s=8

Pre iﬂ'lil'lﬂr'_ll' AT MEeschln Teslnskegy I
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TASLE 1-3: PIC1AFL4535/4550 PINCUT D DESCRIPTIONS

Fir Murmibsr
Fir Hama Fin | Buttar Daeoripbion
Foo= | @meN |TaFp| YRR Troe
MCLRAPRES 1 1& 1& Wasier Clear (Inpul) or programming sofags (irput).
MCLA 1 aT Kasier Clear (Resal] Inpul. This pin 15 an acive-low
Resel o e device.
- F Frogramming volisgs impul.
REZ 1 aT ChHeghial Input.
SR k| 32 20 Csclishor orystal or evtemnal ciock Input.
CEC I |Areiog|  Cscoliator crysisl inpul of svisnnal Oock sounce Input
CLE I |Arsiogy| Ewemalciock souncs impul Abssys associzied win
pin funcior CEC, (Ses CECRTLED pin
CECHTLKDNAS 14 33 £ | Crsclishor orystal or dock oulput
[ =t o — Caclianor orystal outpuet Conmects 1o crysial or
resonalor n Crystal Cecilalor mode.
CLED o — In RC miode, SECI pin ouputs CLEO which has 12
= demguency of SECT and denches e inslruchon
Lyl imae,
RS IS | TTL Genemal purpose S pie
Legend: TTL = TTL compatibie imput CAICE w CARDES compatible Input or ouiput
ST =Echmill Trigger Inpul with CRMCE leveks = inpast
O = Culput F = [FORer

Hiotes 1: Albemale sssignment for SOF2 wifeen COP2AE Configuraton bR [ ceaned.
Z  Defaul assignment for SEF2 when COPZWNG Sonfigoration B s set.
¥ Thes= pins ar= Mo Connect unlsss the ICFRT Configuralion bt ks set. For HCAISRORTE, the pin Is Mo
Conmecluni=ss [CPRT s set and the DEBUG Configurafion bil s cheansd.

CEINESIDepags 18 Preliminary o ST Wisschip Tas hnskegy e
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TEELE 1-%; PICT1EF 445574550 PINCUT VO DESCRIPTIONS [COMTINUED)
Aln Humisar
Fin Hams Fin |Sartfar Dscaripticn
FOIP | aFa | Tarp | TrR® | Tree
FOATA IS a bidirechonal KO pord
FLACYAMD 2 15 15
FLAL Iz | TTL Duglal 3.
AR Arakng| Anakeg mpuld
FLAATAMA 3 Z0 20
Rk | T Dugial .
AN Arakog| Anakeg mput i
RAZTAH 2hTRmr- 2 i 21
Cvpmr
FLAZ Iz | TTL Duglal 3.
APE Arakog| Anakg bput 2
WRer- Aralog| AT nefersnce vollage (low] Input
Cyner O |Arakog| Analog oomparator rederencs culput
FLAGTAM ZRimEr+ 5 re e
FUAS | T Diglal .
ARE Araiog|  Anaog mpul 3
wnpre Araiog| AT reference voliage [(high) Inpuet.
FLATOCHE LS STy B ! 23
RCY
FLAd 1z 8T Duglal 3.
TOCKE 8T Timer] exlzmal cock Input
C1oUT o —_ Comparaior 1 oulput
RCY TIL Exiermal LIEE franscatver RCY Input.
FLASIANATER 7 4 24
HLY DN IOLT
FLAE Iz | T Dugkal .
A Aralog|  Anakog mpuld
=55 TIL EP| slaye ssbech [nput
HL TN Arakog High'Low='otape Celect impul.
C2oUT o — Comparaior Z output
FLkS —_— —_— _— — — Epe fhe OECICLHOSAS pin.
Lagand: TTL = TTL compebbi= input CRCE = CRICES compafibie inpul or outpul
BT = Schmit Trigoer inpuf wilh CMWOE leyvels = [Fpul
O = Quiput P = FomeEr
Hobe 1: Alemai= assignment for CCP2 when SCFZME Confguralion bit Is cl=ared

2:  Detwoh assipnment for DOTFZ winen COPINE Copfgurabion bR 15 222

4: These pins ars Ko Conmed unkess the ICERT Confgura@on il s set. For NEACROSTS, e pin 1= Ko
Conrect uniess ICPRT Is 521 and e DEEUG Corfigurabion bl [s cieared.

— ]
DSOCT Wizechp Tach=sdkegy
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TEBLE1-3:  PICTAFZ4554550 PINDUT 11D DESCRIPTIONS (CONTINUED)

Fin Murmiber -
Fir Hama In |Bufer Deceription
PoR | @l |Tare | T¥RE| Time

FORTE k5 a bidirecioral VO por. FORTE can be sofwane
orogrammes for infemal weak pol-uses on allinpoks.

REOAN12INTY 33 - g
FLTIEDEDA

RBJ Iz | TTL Crigiial L3,

MBI I |Analog| Aralog input 12,

IKTO | =1 Exl=mal imbemupt 0.

FLTD | BT Erkanced FA Fael Input (ECCP1 module)

a0 | =1 EFldaa im

S0 e | &T Fo™ gata 12,
RE1MANTDINTIESE S 10 5
SCL

REA1 Iz | TTL Criglial L5,

AB0 I |Analog| Aralog input 13,

INTH | T Exl=mal mbemust 1.

0K I =1 Eynchronous serial ciock Inputiou ot for SF1 mods.

0L I =1 Synchronous saral cock Inputoutput for BT mods
REZAMEINT 2D 35 11 10

REZ Iz | TTL Crigiial L3,

AME I |Anslop|  Aralog inpuot 8.

IKT2 | =1 Exl=mal imbemupt 3.

WED =] —_ Exl=mal UES ransosdver WG ouipet
REZANITORFINFD 35 12 11

RBE3 Iz | TTL Crigiial L3,

AN I |Ammlop|  Aralog inpot 5.

copzl e | &T Capfure 2 rpuliCompare 2 cutputIaN 2 oulput.

¥FO (=] —_ Exl=mal UES iransosiver WPD ouput,
RE4SNTHEIDCSEPF| 37 14 14

RBZ Iz | TTL Crigiial L3,

ANTE I |Anelog| Arabog bnpat 19.

KEID | TTL Inisnruni-or-change pin.

CZSEPP =] —_ EFP chip seiect coninzl cutput
RBSEEHPGM 38 15 15

RBS Iz | TTL Crigiial L3,

K= * | TTL Infsnruni-or-changs pin.

PG i ] aT Loww-Yoiage PCSF™ Frogramming enable pie
RBE&EELPIEC a5 1& 18

RBES I | TTL Chigiial L3

KEZ | TTL Inienrupt-or-chaniges pin,

PGEC 1 sT Ir-Cirouit Cebupger A |EEP programeming ciock pin
REFEEEPI0 41 17 17

RET Iz | TTL Crigiial L5,

KE3 | TTL Inisnrupi-or-change pin.

P30 1 sT Ir-Cirouit Cebupger ans |CEP programming dada pin,
Legend: TTL =TTL compadoie mpul CRIOE = CASE compaiibls Inpat or owdpest

ST = Echmili Trigger inpul with CHISES Ievels w Irpast
0 = Zulput o = Fower

Mots 10 Altemale sssignment for S5F2 winen COPZME Configurabion bR [ ceaned.
¥ DCelaull assignment for C0FZ when SCP IV Configuration bit is et
& Thess pins ane Mo Connect unless the ICPRT Comfiguralion bt ks sel. For HCACARORTE, the pln is Ro
Connecl unl=ss ICPRT Is setand the DEEG Tonfiguration bil s cheaned.

DE30EEI D page 18 Preliminary o T Wieship Tasinsegy In
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TAELE 1-5: PIC18F 425504550 PINCOUT VO DESCRIPTIONS (CONTINUED)
2in Humibar
PIn Hams Fin | Sutfar Desaoription
FOIP | GFx | Tasr | TrPe | Tree
FORTC I3 abidiesctonal D port
RCOTICEITI S0x] 15 34 az
RCO e ton Digial 2.
THCSC o — Timer! cesciiator sutpul.
TH3CK 8T Timesr Timers =el=mal dock Input
CATIOENCCP 15 35 35
UCE
RCH e ton Digial 2.
T'CEI1 CHMCS|  Timesrl cscdliaior input
corzil vz | &t Caplune 2 InpuiCompare 2 oulput PN 2 outpul.
TTE o — Exiernal UEB fransoatver T oupt
RCMOCFIFIA 17 2E 35
c2 | L a7 Dugial 2.
CoM 1 8T Coaphure 1 InpuiCompare 1 output PN 1 owiput.
FiA o TIL Enhanced SR FAA culput, chamnel A,
RCEID- T 23 42 42
RC= TIL Dugial Inpust
G- Iz —_ LIEE diffsr=niial minus: Ine (Inpubouiput)
W TTL Extennal LSS frmnsoetver VR Input
CEID="/P 24 43 43
RCS TTL Digikal Inpuft
O+ 1 — UEE diffsrental phes lns (Inputoutpuf].
WE TIL Exfernal UEB fransostver WF Input
RCETECK 25 4 4d
RCE | L 8T Dugial 2.
T o —_ ELSART asynchronous Iransmi
CE 1 g7 EUSART synchnonous ciock {see REGTTI.
RCT/RBIDITISDD 25
RCT 1 8T Dugikal 2.
RE 8T EUSART asynchronous renstve.
oT 1z =T EUSAST synchromous dats (ses TXHCK)
= o — EP| daln ot
Lagend: TTL = TTL comgabb= input CRCE = TRICS oompatible inpul or ouzul
BT = Schmi® Trigper input wilh CAOE |y = [rput
T = Ot P = FOwer
Hobs 1: Allemai= assigrment for CCPZ when COFZRE Confguration bit Is clesred

2:  Delsuel assipneent for D5F2 witen COPERY Configurabion BF |5 set

3: Thess pins are Ko Conmedt uniess the ICERT Confipuea@on Dt s st Sor MCACFORTS, 1he pin s Mo
Conmect unkess ICPRT Is 524 and fhe DESLUG Configurabion bi Is cieared.

DT Wisech p Tech=ckegy I
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TEELE 1-3: PIC1BF£4455:4550 PIROUT WD DESCRIPTIONS [CONTINUELD)
Fim Number
Fir Hama Fin | Buther Dseoriptiom
Fooe | @FN |Tare| THEE| Type
FORTD Iz & biclecioral WO pord or 2 Sr=aming
Faraliel Fort (SPFL Thiess pins Raye TTL Input buflsrs
winen the SPF module |5 enabied.
ROCEFFD | 35 35
RED i =1 Dripital L5,
SFFD Iz | TTL Bireaming Faraliel Fort data
ROAEFF 20 35 35
RO i) =1 Chigiial L3,
gFF Iz | TTL Bireaming Faralie] Fort data
ROZEFF2 H &l 410
RO2 i =1 Drigital 143,
SFF2 I | TTL Eirsaming Farali=l Fort data
RO3EFF3 22 a1 41
REO3 i =1 Chgital Li3,
SFF3 Iz | TTL Bireaming Faraliel Fort data
RO4ESFL a7 2 2
R4 i) =1 Chigiial 143,
SFF2 Iz | TTL Eireaming Farzlke] Fort data
ROSEFPSPIE 28 3 3
RECE i sT Drigiial L5,
SFFS I | TTL Eirsaming Farali=l Fort data
F1E =] —_ Erkanced TOFT PR cutput, channe] B.
ROEEFFEPIC 29 4 4
RCE [[is] BT Drigiial L5,
SFFE I | TTL Eirsaming Farali=l Fort data
PiZ o —_ Erkanced SOFT PR cutput, chanme| C
ROTEFFTPID 30 £ £
RECT 1 T Dregiial L5,
SFF7 Iz | TTL Bireaming Faraliel Fort data
F1D L] —_ Erkanced SOF1 PUNK cutput, chanme O
Legemd. TTL = TTL compatioe mpul CHIOE = TACE compatibhs Input or ouimet
ST = Schmill Trigger Inpul with WSS Ievels w Inpast
O = Sulput P = Fower
Mots 10 Altemale assigrmemt dor S5F2 wineen COPZE Configuraton BE 5 cleansd.

X Defoul assignment for SOFZ wher SCPZM Sorfguration bR
Thiese pies ane Mo Conmec! unless the ICPRT Comiiguration bt s st For NCOTPORTE, the pin s B

LS

S aE.

Conmectunizss ICPRT s setand the DEEUG Tonfguration il is cheaned.

SHAEEID-page &0
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TAELE 1-3: PICIEF4455/4550 PINCUT VO DESCRIPTIONS (CONTINUED)
Aln Humissr
FIn Hams Fin | Eartfar Decoriptior
FOIP | GFy | Tarr | TFPe | Trpe
FCATE b5 & bidirectional 193 port.

RENAMSSCEIEFF B 5 25

RED | Lis- aT Digkal 2.

ANS Arakg| Anakeg rpul &

CHEASFF o —_ EPFP clock 1 oulput.
RELAKETCEIZPF g ZE 2E

RE1 i ar Digkal 2.

AINE Anakog Analog Fpul &

CEZSPF o —_ EPF clock 2 culput.
REZIAMTIDESPF L1} = 27

REZ | Lis- aT Digkal 2.

AT Araicg|  Anakeg Ppul T

CESFFP o - EFPP culput anasie output.
REZ —_ _ _ _ — | See BCLRVPRRED pin.
Yes 2, 3|5, 30, | .29 P — | Ground referance for iogic and KO pins.
Yoo 11,22| 7.8, | 7.28 P —  |Postie= supply for kagic and K0 pins.

ZE, 23

Yusn 18 Ery v o — ntkemal USE 3.3 vollage reguishor oulout
HoACCEACPE — | — | 4z Mo Conmect or dedicaiss |COUISER™ port chock.

[ [Lie ar n=Croull Detegper dock

ICFGET | s CSF programming chock
HCACDTACEGDS - | = 13 Mo Conmect o cadicatss |COUIDER port choct.

IZDT [Lie- ar n=Ciroull Detugper dafa

ICFGED | & CSF programming data,
HOTCRETCepill — —_ 33 Mo Conmect of dedicaisd ICOUICER porl Reset

ICRET —_ asher Clear (Resel) mpul.

[ Faly T P - Srogramming sokage Inou
NoACFORTEN - | - 34 F —  |mio Commect or Z3min cevioe Emuation.

ICFORTS Enatie 25-pin dedice emulabon when conrecled

w0 e,
HC —_ 13 —_ —_ — Mo Conimet.
Laganad: TTL = TTL comsabsli= nput CMOS = CRIOS compafinie Inpul or outpul
ET = Schmif Trigper Input wilh SMOE jeyels = [rpul
O = Ouiput F - T

Mobe 1: All=mais assligement for CCP2 when COFZME Confguration bt Is cl=amed

2:  Defaol sssipnment for D0R2 winen COPIME Corfgurabon bR = sa2
3 The=se pns are Ko Conredt unkess the KCERT Configurafon it s set. Sor NCACFOSTS, ihe pin Iz Ko
Correciunkess ICPST |3 s2t and e DESUG Corfigurabion bR 15 cieaned,

1
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20 OSCILLATOR
CONFIGURATIONS

21 Owverview

Cevioes In the FIC1BFI4SSZSSOM4SSHEED famly
Incorporale a dfferent osclistor and microcormolier
cinck syshem than previous FIC1EF desioes. The add-
Ban of the USE module, with s unigue reguiements:
fior a siable dock souwme, make |t nescessary o proelde
& separste clock souwrce thal Is compllant wilh bod
USE low-speed and Tull-speed specHicabions.

To accommodais these recuirements, FRCHIBFIE5S
225044554550 devioss Include a rew Clack branch fo
provide a 45 MHz clock for Tul-speed USE operadon
Sirce [t Iz driven from the primery clock scurce, an
addbonal systern of prescalers and postscalers has
been addss o accommodals awide range of osciishor
fresquencies. An oversiew of the cscllaor stuciure =
shom bn Flguee 2-1

Cner osclialor fealures used b FICHE enhanosd
microoonknoliers, such as the inbemal oschisbor block
and clock swiching, remain S sams. Trey are
disorssed laker i this chapier

211 CECILLATOR SOMNTROL

The operation of the oscllabor In FICIBF2£5532550
44E5ZE] devices ks conirolled Srrough W Configu-
rafion regislers and ban conirol regisders, Configurabon
registers, CONFIGAL and COMFIGIH, sebect fhe
oscllafor mods and USS prescalenpostscaier options
Az Configuration bits, these are st wher the devics s
programmed and I=ft In et configeradon untl e
disvioe |5 reprogramed.

The DRS00 regisker {Register I-2) sejscls fhe Acie
Clock mode; It I3 primardy used In coninoling clock
saillching In power-maraged modes. Hs use Is
cizusted n Sscklon 241 “Ocolllator Conirod
Fagletar”

T SECTUME megisier (Reglsler 2-1) Iz usad o idm
the INTRC frequency souwre, a5 well &5 seiect fhe
low-Trequency ciock sounce trat drives several spedal
f=aturas. (%3 uze T odesccisesd In Sasbon 2253
aECTUME Reglchar®

2.2 Oscliator Types

FIC1 8- 245 S Bs0vad 554550 devices can be opemaled
In bwetve disfinct oscliaios mades. In conirass ai pre-
winus PRC12 enhanoed microontrolers, four of hese
modes Iveoive fhe use of teo osdiaior types &t onos
Users can program the FO2C3:FOSCT Confipuradon
biis o selech one of thess modes:

XxT CrystalResonalor

XTFLL CrystaiResonalor with PLL enabled

High-Spesd Crysial esonator

HSPLL High-Spesd CrysalResonainr

with PLL enabled

Ewtemnal Clock with Foso’d oufput

ECID  Extmmal Clock wiin WO on RAS

7. ECPLL Ext=mal Clock wiin FLL =nabled
and Fosc™ oulset on RAE

. ECPIY Ext=mal Clock with FLL =rabled,
T on RAE

5. WNTHE Ini=rnal Cocliator used as
micromnircler dock soute, HE
Oscilaion wsed as \USHE chlock sournce

10 WNTXT  Iniernal Oscllsfor usssd as
micromniroler dock souwte, XT
Cpclilior wsed as USH chock sounce

1. WNTIC  imiernal Cscllator uses as
micromniroler dock soute, EC
Cscllaior wsed as \USE clock source,
dightal 1T on FuABR

12 INTCED Infernal Sscllsfor usssd as
micromniroler dock souwte, EC
Opcliaion wsed as LUSHE chock source,
Foscid oufput on RAS

221 OECILLATOR MODES AND
UEE OPERATION

Eecause of e unigue requirements of he LESE module,
a difierent aporoach o clock operation B necessany. In
presious P deyices, all core and perphemal docks
were diisen by a single osdisfor sowre; e ususl
SOUTTES were primary, secondary or e mlemal csdlia-
lor. \Aith FICA &R 2ERTEEMESSMEEN devioes, The pri-
mary csclisinr becomes part of e USE module and
annok be associabed io any olfer cock source. Thus,
{re= LIEE mochal= must be ciocked from e primany chock
souTe; however, e microconimoler core and other
periphierals can e separabety Clocked from fhe second-
ary or inlemal cecliainrs as belore.

Bacyuss of = Aming reguirements mposed by LIEB,
an Imennal chsck of ether & MHZ or 48 MHZ k5 regquired
anlle the UEHR module ks srabled. Forunstety, the
microconrolsr and olher perdphemls ans nof regquined
lo rum &t this ckeck speed when wsing fhe primmery
otciliaior Thers are romerous opbors 1o achiese the
LSS module clock requirement and s81 provdide Sedoil-
by Tor diocking e rest of the desdce from the prismary
prciiaior source, These ame celxlss n Ssobon 2.9
“opclliator 3a8ings Tor UZET.

B
o

A
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FIGURE 2-1: PICASF2455/2 550044 554550 CLOCK DIAGRAM
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222 CRYETAL OECILLATORICERARMIC
RESOMATORS

n H5, HSPLL, XT and XTFLL Csclialor modes, a
orysial or peramic resoralor ks connecled o the Z8C1
and 5C2 pins b estabish osdiaiion. Flgur= 2-2
Shr0as Thee pin connecdors.

The osclistor design requires the use of a parailsl cut
onyshal.

Miofs:  Us= of 3 series cuf crystal may ghee a fe-
guesrcy out of the cryssal manuisciunesrs

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL QECILLATOR
Ly | TPl Comator Values
— -:a;qu | Tested:
! o2
wT 4 M=z ITOF 7 oF
HE 4 M=z 37 pF 7 oF
B M-z IZpF 22 F
20 M 12 pF 15 pF

specfications.
FIGURE 2-2- CRYSTALICERAMIC
REZONATOR OPERATION
[ET. HS OR HEPLL
CONFIGURATION)
a GEGt
' [l
XTAL T T :_':'u".“
I e
T l ]. e i
e e N PICAEE0N

Fcte 10 Sae Tabk's 2-1 asd Tabie 22 150 el wal o of
o1 and S
2. B mhibed reakElc [I] ey S redulied Be AT
NSl ekl
L HF v with lhe gacilaksr mode chicsen

Capaotor waluac are for declgn guidamos oniy.

These cazachors wers bashed wit the orystais Isbed
beioa for basic start-up and operation. Thecs valuec
ars ot opdimized.

Dittferent capacihor values may be requinsd io produce
acosnable osclistor omerafon The ussr should st
the periomance of he csdialor over fhe expeched
W00 and i=mperabure range for the application

Se= th= nol=s following s fable for acdions
Information.

Cryelale Ucad:

4 M=z

5 MHZ

20 Mz

TAELE 2-1:  CAPACITOR SELECTION FOR
CERAMIC RESOMATORS
Typloal Capaohor Valuss Usad:
Mods Fr=q ey | DEC2
nT 4 0 KMHE 33 pF IZpF
HS S0 MHz T pF 7 pF
160 MHz 2 pF 2z pF

Capagtbor valuss ars for decign guldanas anly.
These camachors were bested with he rescralors
Isi=d below for basic stat-up ard cperation. Thees
waluas ars ot opbirmized.

Differmnt capachor waluss may be reguined ho procuos:
soreplasis asclatr cperalion. The user should st
e periommance of ine oschlalor over the sxpecied
VoD and temperatore ramge for e appication.

Eeer e roles folowing Teble 2-2 for additional
miormiation

Mobe 1:  High=r capscEanos norsxses e sty
of osdialor bt also Increasss the
shant-up e,

Z When cperaling below 3 Voo, or when
using ceriain CEramic resonators at any
wofiage, It may be nec=ssary fo uzse the
HE mode or sadhch o a crysial oscllstor

3 Eince each resonaton'crysial has B oown
characiersiics, the ussr should oonsuh
th= mesonaioricrgstal menuisclurer for
azproprals walues of  extemal
comparenis.

4 Rs may be requinsd 1o avold overdiving
crysials with low drive b=l speciication.

£ Admys wertty oscllaior periormanos over
the Voo ard tampersre rangs fnak o

=xpeched dor e aooilcation.

Ressonatons Usad:

4.0 M=z

B.0M=E

1E.0 M=z

A Inferral posiscaler allows users 1o seledt & ciock
Trequency ofer than Tal of e cryséal or resorsbor.
Freguency division Iz dejerminsd by fhe CPUDN
Corfigurafon Dils. Users may select a dook fregeency
of ihe csdlisior frequency, or 12, 13 or 104 of the
frequency

A evtemal dock may aiso be used witen e mimo-
mnboler is in HS Cscliator mode. In this case the
CECL'CLED pin 15 keft apen (Figure 2-3)
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FIGURE 2-3: EXTERMAL CLOCHK INPUT
OFERATION [HE O&C

CONFIGURATION)

s B '—I ".ﬁ\."—l- sl
Bt Gyatar |- FICABF NN

Open w—| csy 15 Ma)

213 ENTERMAL CLOCK IMEUT

The EC, ECIS, ECFLL and ECPID ‘Cocllabor mdsdes
require an extemal dock source o be connecied fo the
D20 pin. Thers [s no osclialor staf-un Ame regulned
ster & Power-on Reset or aher an et from Seen
e,

i e EC and ECFLL Ssclistor modes, e osciiator
frequency dhdded by J k5 avallable an the C5SCZ pin.
This sipnal may o= used for besf purposes or 1o
synchronizs ofer loglc. Figure 24 shows the pin
conneciions for the EC Cecliafor mods.

FIGURE 2-4; EXTERMAL CLOCEK
IHPUT OPERATIOMN
|EC AHD ECPLL
CONFIGLRATION)

.,
Cigmzi Fisin —[ ta—ge] N L
.
B e L FICIBFICHAN
PO e LRIV LS

224 FLL FREQUSMCY MULTIPLIER
PIC1SFZ45REE ] e iano davices Include a Fhase
Locksd Loop (FLL) droult. This s peoided specificaly
for USE applcations with lower spesd cecllisiors ard
car also e usad a5 a microconiroler chock sounce.

The: PLL s =nablsd In HSPLL, XTPLL, ECPLL and
ECAO Osdimior mod=s. | |5 designed o produce &
foeed 26 K-z reference ciock from 2 fweed 4 BHZ Inget
The oulout can them e dlvided and wsed for bofh e
LFSE and e micooonroler ooee clock. Because e
PLL Fas a Thesd fregquency inpet and outot, hene are
eight prezcaling oplions bz match e cocliabor bnzat
frequency o She PLL

There |5 also 3 sepamals poskcaler option Tor dedving
the microooninoller chock from the PLL. This allows e
USE perpheral and microoniroler o use e same
osCliabor input and sl omerate ot diferent clock
speeds. In contrass io the postscaler for €T, H5 and EC
modes, = avalable opfons ar= 102, 13, 12 and 1€
of #n= PLL oulput

The MSFLL, ECFLL and ECFIO modss make use of
the HE mode oscliaion for freguencles up o 45 MHZ
The prescaler divides the oscliafor input by up b 12
produce the-4 BHz drise fior th= PLL. The XTPLL mode

can anly us= an Inpui frequency of 4 BHz which driees
the FLL direcily.

FIGURE 2-& PLL BLOCK DLAGRAM

{HE MODE)

The ECID and ECFIC Csolialor modes funchion ks the
EC and ECFLL modes, ewospt that the OSCZ pin
Deromes an addlional gensral purpose U3 pin. The KO
pin becomes bit & of PORTA (RAE). Figuns 2-5 shows
e pin commechons for the ECRD Ssdllator moce.

FIZFURE 2-5: EXTERHAL CLOCK
INPUT OPERATION
|ECID AHD ECPID
CONFIGLURATION]

i o m__""{n—F sy Lr AL

Ext Spam |- FICIBFEN

RGE e L OELTY

The Internial posizcal=r for raducing clock frequency In
XT and K5 modss s also sealabi= In EC and ECI0
modes.

HESECECKNKT Dby’ Esakn—
L Ermaba—

[Pare GOMFISH g

DHINETT i maga R
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4.0

RESET

The FIC1EF2E552550ME4SCIas]] devices difenentmis
Eekamen waricus Kinds of Reset:

al  Power-on Sesef (FCR]
ki MCLR Sesef durnsy nomal cperation
¢} DR Aeset durng pose-managed modes
o) \Malthdeg Timer {SI0T} Rezel {durieg
execudan]
& Programmabie Brown-out Resat (BOR)
fi  mEsET Instrudion
o Smack Ful Regst
Rl Smck Unceriow et
Tris secHon dlscustes Ressls gensraisd by FALOS

FCR and BOR and oovers he operalion of he various
siartus Hreers. Slack fesef evenls ane coverssd o
Esotlon 6.1.2 4 “Elmak Full and Underflow Recabs”

WOT Resels ars covered In 3eoblon 2£.2 “Watohdog

& simplfiesd block clagram of the on-chip Resel cnowlt
I shoan In Flgune £-1,

4.1 RCON Ragleter

Device Fegei svenis ane Facked thmough the ROD
regisier {A=gisiar 4-11. The lower e Dils of the m=gis-
I=r Indicade That a speciic Resetsyent has ocouned. In
most cases, fess b canonly b= deams=d by the event
and must b= 524 by the aoplicafion afber the event The
stale of These Tag bRz, taken fopather, an be read o
ndicai= e fype of Reset thatl Just cocumad. This ks
described In mors delall it 3action 4.2 “Raced s
of Aaglchars™.

The RCOK reglister also has oonfrol bis for s=hHing
Inbemept ooty (IFEN) and sofware coniml of the
EOR (EBCREN| Ielemopt priodty = disoussed In
Jagtion 5.0 Sipbsrrupbs®. BOR s cosered In
Aeation 4.4 “Erown.owt Fecat (BOR.

Timer (WDOTH
FIGURE 4-1: SIMPLIFIED BLOCK DlAGRAM OF ON-CHIP RESET CIRCUIT
BESET
e Ban
Sy S ch Fol rala o el
Pairti

Exlormal Kassl "

WO
¥oo
LT T
I O OET 103 Gpcin
o 10-BE g Coante [—
l'_'E-'.'1| —F

| | - |G Haset
—L ) p—

| —= PART 588
| '.'rll-l:i'.r-:|.l|:rl.'-\:|.l'|'.l||— -

| . N SN

Ermalis PYsHI

Efi ldg D571

Hate 1
& e ek &2 o Sne-vcl st

Ths @15 18 THLD st from B |l ] ces sy eck and (& secain® fiom O RO Sed laker of T DL pin
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4.2 Master Clear Reset [MCLR)

Tre LR pin prowides & method for $5ggering an
swiernal Rezet of the device. A Resed ks p=nerabed by
Rokdlng the pin low. These devices have a nokse Tber e
the MCLR Reset path which debec= and kignares smeal
pulsEs.

T FIECR pin B moct detemn ko by any inbemal Resats
Inciuzlng the WD

n FRCABFIASEIEEOMACCMSID daines, e KMICLR
Inipizt can D= disabled wilh e MCLRE Corfliguralion
b Wih=n BACLR is disabiss, the pin bscomes & cligis
Irppigt. B Esaflon 1008 “PORTE, TRIZE and LATE
Faglcbere™ for mors [ronmadon

43  Power-on Resst (POR)

A Powsr-on Fs=set pulss Iz pen=ratzd  otechip
whenzyer Yoo rzes sbove & cedain threshold Tris
alows the device o start In e inlalzed size wher
Voo s adequate for operafon.

Tolake adeantaps of th= PO R cincullny, Beihe 83ZLE pin
through & resistor {1 kL2 #0 10 KQ) f0 Yoo This wil
eiminats sxiamal RC comporens usualy nesded fo
oreate a Fower-on Resel deday A minlmum s rale for
Woo s spacified (paamelsr DY, S=obon 2B <0G
Characberiellos™]. For a skow rise fime, mee Flgune 4-2

Winen the device stars nomal cperation |Le., exdis e
Sesef condbon), dewios operafing parameters (el
age, treguency, bEemperature, eic] mest be met o
ansure operadon. H h=se condlions ar= not mat, e
device must be held In Fesst undl e operabing
conchicns ane mad

FCA events ars caphured by the FOR oit (RCOM=1=]
T shvie of the b 15 st b 'n" whensyera POR ooours:
1 does rol chEnge for any orer Ressl svenl, FOE I3
riol peset bo 'Lt by &y handwans sesst To canfure
muHpe svenks, e wser mansally rasabs fhe bl ot
Ini softears oliowing any POR.

D ST Wicssch p Tachssdegy 1t

FIGURE 4-2: EXTERMAL POWER-OM
RESET CIRCUIT (FOR
SLOW Voo POWER-UP)
o WEO

T o

i H
= -
fe— WL

& PIC1SFRINY

L

Ealmimml Mowsr-an Hasel Srcul @ reguinesd
ol I He 00 powsd-up Sicp @ b aloes
It diaZe U eis SEcharge 156 Cesdoi
eichly wtens v D0 SowEm Jiean

H v 40 WL i reocitrte s tad W reain wlie Tl
=0 sabpga disp asitam B doss el sichta
150 davion 5 ebecl ey apes L ealicn

R & 1 kD wil el any cusent Bewing b
WL s armimml fapacis O niSe evasl
of MULHAEFR pn aakdcsn, dos 15 Ebche
slale Dslhmiga (ESLG & ElslicEl
Depratie (EOS)
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2.0 MEMORY ORGAMNIZATION

There ame three foes of memory In FICE enhanoss
microcorirolier devices:

* Program Bemory
* Cala RAM
* Caly EEFROM

Az Harvard archil=cture deyices, the daba and pengram
mEmories use sepami= busses; iz allows for con-
oument sccess of he teo memory spaces. The dada
EEFRCOM, for prachcal purposss, can be reganded as
a peeripheml desyics since [t s adcressed and aoossned
through a s=f of conlrol registers.

Addboral defaled Riomalion on the operafion of e
Aash program memory B oprovidsd in Eeoibon 8.0
AFlagh Program Kemory®. Dol EEFROM s
glsowrssed separately in Jeabion 70 “Cala EEFROM
Mamory®.

§1  Program Memory Onganization

FiIZA8 micrsconfrolers Implermemt & 21-bBE program
moumer wihich 13 capable of sdcressing a 2-Moyie
PFORTET MESTOry SRaCE. Ancessing a lecabon batween
%= wppeEr boundary of the physicaly Impiemested
meermory and the 2-Mopie adaress will retum all 'v's {3
RoF Imeslrucar].

The FICIBF24SS and FICIBFRE4ZS gach hawe
24 Ehytes of Flash mermory 3nd can sors up o 12,288
Hngle-word  instruclions. The PIC1EFZESD and
FRC1BF4550 sach have I Kopies of Flash memory
aredl A Fore up o 16,384 single-wiord Instroctions.

FICAE devices have fwo Intemund vectors. The Resel
veitor address & at OO00R amd S Inl=mupl wechor
addresses ar= gt 000Eh and 00130

The program meEmory meps for FIC1SFH4E5 and
PRC1BFEEED devices are shown Im Flgur= 51

FIGURE 51: PROGRAM MEMORY MAP AND STACK FOR PIC1BF2455°25500A45514550 DEVICES
FIC1EFX4EE FRF18FXERD
| P e ] I [ FT |
ON1E., PCPLL, DETER, ]i' =1 e rq
REIFIN, RITEH, CALLH,
ACTILEK, ETETHE J_
S Larsed ©
Swch Lewal 21 Shach Lol 31
Faw Vel oomn | Foua ity ofmh
High Priaily niediugd Yaclzr [UCIRH High Prierity i=lmus Yecss |000H
el L [P F A L Fricily 1=hmus e U0 1ER
fisCirip
Pisgmam Mermafs Or-CEip
Pocd e Moy
BFFFhR
LW LT E
)
FEER |2
!l_. a|~:|.l|.|||I .%
Eadl i
z 3
Baad o - [ !
TERFERR WFFFFR
SO0 = SCIRI

T Meszch p Tach=sdk gy 1t
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=11 ROGRAM COUNTER

The Frogram Counber {PC species e addness of e
nsimaciion o feich for execulion, The FC s 21 bis wid=
ard 13 confalned n e separaie S-bit registers. The
o byde, kEnown as The FCL pegisber, Is bolh readabl=
ard writasie, The high byte, or FTH repister, conbains
e PS5 B> bis; R ls med direcily readatle or wrilables.
Updal=s o lhe PCH regisher are perfomed thnough the
FCLATH megisher. The upper Dyl= |5 callsd PCU. This
regisier conbains the FO<20:16= bils; E |5 also not
direcily resdfable or wriisble. Updal=s o the PCU
regisher are pefomed hrough e POUATU regisher.

Thie confenls of PCLATH and PCLATU are rarsisrmed
o the program counisr oy any op=ralion that wrbes
FCL. Simlardy, the upper two bybes of the progmam
counfer are iransfemed o POLATH and PZLATU be an
operabon that reads FCL. This |5 wsedl for compuled
ofgas W Te PO (s Jsobion £1.41 SComputad
QoOTo™)

The PC addmesses bpi=s inthe program memory. T
or=yeni the FZ from Decoming misallgred with word
nsinaciions, the Least Significant it of FCL 1s fived 8o
3 vakee of "a'., The PZ Increments by 2 o addmess
sequential insTuctions In e program memaony.

Th: cair, EcAry and GoTo  program e

nsinaciions wrii= o e program counler direcily. For
ese Instuchions, the conients of POLATH and

FCLATL are nof ransi=rmed o the program counlers

=12 RETURN ADDRESS STACK

The refurm address siack allows any combinafon of up
fio 31 program calls and Int=mepils i cotur. The FC s
psshed oo the sack when 8 CALL oF RCRLL sinuc-
Fon ks execuied or an mberupt [ Acknowledped. The
FC wakee Is pulled off the stack on a RETORN, BETLN OF
3 PETFIE Insnuciion. FCLATY and PCLATH are not
ATeched by any of The AETORN OF CRLL Rsirucions.

FIEURE 5-2:

The: stack operaies as & 3-wond by Z1-bit RAKM and a
S-bF Sack Foinfer, SETEKFTH. The siack space Is nct
part of sither program or data space. The Sack Foinker
s readabi= and wrilabie and e address: o the fop of
th= siack kb resdabl= and wrilabl= hrough e
Top-of-Stack Specal Funclion Registers. Diata can alss
be pushed fo, or popped from & stack, using thess
reglsiers

A CALL bppe Instruction causes & push onlo fhe siack,
The: Biack Folnder [s Srst iIncremenisd and 1he location
pointed fo by the Stack Poimier I writken with §e
pork=mis of the PC (already poin@ing fo 1he insruction
following e cALL). A RRTORE Gne Instruciion couses
a pop from The sfack. The conienfs of the location
pointed fo by e STEFTR ane fmrsiemed o the FC
and then fhe Sack Polnfer I decremenizd

The Eiack Fointer I3 Inilalizsd bo ‘cocon” af%er al
Fmgeis Thens is no FAM associabed whn ihe location
porrespondng bo a Stack Polnker value of ‘opoon'; this
5 only a Resel vakee. Slalus bils iIndloabe F the siack s
full, Fiaes. crverfiowed or Rz underfiowsed,

51.21 Top-o-3ack ACDEES

Only the fop of e reum address siack [TCS) s
readabis and wifizble. A sst of three nepisters,
TOSLTOES TIEL, hold ihe comenis of the stadk loca-
Hon poinl=d o by the STEFTR reglsi=r (Figur= S-2). This
aliows wsers. bo implement & softwens stack H necessary
Afer 3 CALL, RCALL Or imkEmupd, the sofwane can e
the pushed valus by reading fhe TOELETOSH TOEL
ragisiars. Thiese walles can be placed on & userdeliness
softaars stack. Al nefum Hme, the softamme can s=um
Hhess yslues o TOSLETOES TOEL and dio o rsfum.

The user must disable the gliobal imkemrupt =rabie Bls
whie accessing the stack to prevent inadverisnt stack
corrupdon.

RETURHN 4DDRESS STACK AMD A550CIATED REGISTERS

Top-ol-Eisok Asglchsrs

TOEH TOSL
&) [EFEr]

b )

ToE

R

Return Sddrece Mtaosci0gne

11110

11101

Flok Poinkar
: — :_ STHFTR=4:0=
*® | - =

e T Bl K

TOTAEN | 0001l g

o011 J

[elu] om0

L=l ] ik |

L=o=l i ] ]

IHIEEILpige 52
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52  PIC18 Ingtruction Cycle
521 CLOCEING ZCHEME

The microconiroler dock input, whether from an
riiernal ar exhernal source, ks intemaly dhdded by four
fo peperabe four non-overdaoping quadratere Ciocks
a1, @2 23 s Gd) infemally, e onogram coumer (s
noremenied on esery (G1; the msruchom Is Jeiches
frorm e program memary and Ixched inio the insTuc-
HBon Register (IR) during G, The Insfruction s deondess
and =xeculed curing the follewing Q1 throughn GL., The
ciocks and InsinacSon ex=cuiion fow are shown R
Slgur= &3,

522 INESTRUCTICN FLOWIFIFELIKNG

AR “irsiruciion Cyde” consists of four Q@ cycles: G
TFrough G4, The Instnuciion fetch and sescule ans ol pe-
In=dlin such amenner Hatafeich fakes one Insinaciion
oycle whils the decode and ewecute takes anolher
Insruction cyde. Hoseyer, dee b the pipeining, =ach
nsruction effectvely exscutes I ore cyde. K an
Insruction couses e pragram counier o chanpe (=0,
5oTO], hen two cydes are required io complete e
Insruction (Example 5-35

A felch cyrle bagies with S Program Counder (P2
noemenbeg B 21

In the execufion cyde, the feiched Instnacion s falched
Inby e Instnaciion Register 0R) In cycle S, This
nstuction |5 then decofied and execuied during the
22, 33 and 34 cycies Dala memory ks read dusing G2
[operand read] and wrifen curdng G4 (desination

wrtie].
FIGURE 5-5; CLOCK/IINSTRUCTION CYCLE
o | of | af | &4 | | o2 | o | e o9 | oo | o@E | o4
oael L— e |
=S & | | — F— |
== | J | ¢ . | ) '\—|.| 1= el
(e I J 1 ] 1 i i1 |]':-_:'::;.'
Rl j T ! I
e [ [ I FC4+ 3 I L0 ]
(o L W]
(BT Fmode) I b 1
e IO (Rl =G I I
I Faizh W (PO Eoxmesia IWST (P 1
Falch IS T S50 + 01 Toscim T FL+ a1 |
Fatc ST 550 = 8 |
EXAMPLE 5-5; INSTRUCTION PIPELINE FLOW
Towd Tord Tovd T3 Tirrd CYS
1. VLN E&h I Feich 1 Ex=cub= 1
1. FOVER FOLTE Feich 2 Eveoue 2
1. ERA FTE_1 Fistrs 3 Eweuie 3
4. BEF FORTA, BITS (Poroed BOED Faich 4 Flush iHOF)
E. Inrtroctico & sddcsar 5761 Felch SUE_1 | Exscuix SUE_1 I
HMobsc Al Insbuctons are single cycle, except Tor any grogram branches. Thess ke fwo Cycies since the febdh

Irsruction ks Tushad” from the plpsine whis &= new Instruction ks Deing febthed and then sescuiss

T Wissehip Tach=skegy e Prelim nary
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e HITRULTICHS IN PROGRAM
MEROCHRY

The= program memory 15 sddnessed In Dyles. msiuc-
Fons ans siored a5 o bybes or four bybes In progam
memory. The Least Significant Syte of an Instrucion
weord |z aways sioned In 3 program meEmory keoation
wilh am even address (LED = o)L To mainiain algnment
wilth Instnecfion boundaries, The PO Increments In sisps
o 2 and the LS wil akvays resd o {see Saotlon 5.1.1
sprogram Countsr.

Figure 52 shows an sxampls of fos Insiucion sonds
ape siored In #he program memaony.

FIGURE 5-4:

The carc and @ord Insiuchons hase e sbsolubs
prograr mermory address embedded mho T mesiruc-
bon. Bince Imstructions are simaps slorsd om wond
bourdaries, the dat contained i the Insneclion s &
word addr=gs. The weond address b5 wrillem fo PS<20: 1=,
which accegses the desired byie scdress In progrsm
memory. Instnucion £2 In Figurs S-4 shiows how The
IFstuciion, ZoTa  0od4k, ks enooded In ihe program
mermary. Program branch imsiructions, which snoode a
refattee address offset, operabe Inihe same manner. The
oftsad value siored Ina branch Insiruction represenis ihe
number of sngle-wond Insruciions §al the P will b=
ofzes by Becbion 28,0 Yectruslion Sst Jumenary®
provides further delalls of the Instruclion 5=t

INSTRUCTIONS IN PROGRAM MEMORY

Fragran Mafory
Eyte Loci¥crm —-

| reetrus®en 1 MIVLE LRk
| FetrsBen 2 EOT0 136k
IrotiucBen 3 MIVEF 123k, 4G4k

Fecid AdSnema
LEE =1 LSE = [ +
L [EIDA N
[ ] ]
L e T
L [H) D
[ 52h L ]
Erh 0h LEIDLCEh
FLS Oh SUCILh
Cih I8 [O0CENR
b Sth DGR 1 h
L ]
U [E] 45

T34 TWCO-WORD INSTRLCTIONS

The standard FICHE Insirucion set has four teo-mord
nsinaciions CALL, MOWFF, GOTO and 1aFm In al
cages, the second wond of the Instructions alsays has
1111 as ks four Most Sigrlicant bils; th= other 12 bks
are [Reral dafa, usualy adafa memory sodress.

The uze of ‘1111" In the 4 MSbs o an inslrucion
specties & spedal form of No® H the Rstructon s
sxecul=d In proper seguences, mmedaizly aier the
rsi wond, the data In the second word s acoess=d and

EXAMPLE 5-4: T O-WORD INSTRUCTIONS

used by the Insinacion segquence. H the A= wond |s
skipped for some reazon and the second word IS
eweuted by lsef, & gop s axecul=d nsi=ad. This |Is
necessany for cases when e teo-word Instruction Is
preceded oy a cond@onal Instruction that changes the
P, Example S-d shows how fhis works.

Hioba: Baw Lectlon 6.5 “Frogram Mamory and
e Exisndsd Inclrushon  Zsi" for
Information on teo-word Insiruchon in the
ext=nded insiructon sef

CARZE1:

Dbt Cods Eowmas Cods

0114 53110 4493 pOood | TETFEE RESL : im RAM lecwstisn O7

1149 S00L 4919 DOll | NOVER EESl, BEGI ; Bo, skip this wezd

1111 000 9141 D114 ; Emacute thir word as = WOF
00ld S00 9943 DO0d | ADDMEF REGI ; ceotizus cada

CARE 2:

Zihjead Code Sowos Code

0114 ©110 4d3D pOood | TEIFSS REGL : im RAM lecwstiss O7
114d S0bl J9315 DOll MOEFF EEGl, BEGI ; YTeaw, wxmcuts this ward
1111 o100 9191 Dplld ! Ind ward cf inmerustiom
0014 o100 A990 pO0d | RODKE RESI ; ceotimus coda

09308 D-page B2
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AR Wicechip Tacshnsegy I



FIC18F2455/2550/4455/4550

104

FIEURE 55: DATA MEMORY MAP FOR PIC1SF2455/ 2550044554550 DEVICES
WiheT A - b
BER<3:0> Daka Memary Map ’
The BES: = Igromred and the
- oo P—Y EE:: ) ACTEHE Elcf'r: ARl
4 Barkl  p— — — — EE:II'I The Trst 55 byfes ar=
== GFR oF=A gEnersl punpioes RAM
— oon 100h ifrom E=nk 0].
Eark 1 GFR The remeining 160 byles am=
=Fh 1F=h Special Funcon Regishers
= 111 _ om Z00h o Eark 151

1 Eark 2 GER

= = TR B - L
-a911 . DOon 200h The ESR specdfes fh= bank

] Eark 3 GER usad by the Instneciion.

=Fn 3FFR
o [ 51 400nh

J=aies . EBarkd Gpsill
FFh 4F=h

= g1 0on s0an

4 Eark = GF'F:'H:'

T SFER
- 5 oan E00nh

4 ks Eark £ Gpgrite
. e ADGE Eank
0an T0Oh ! Ch

=111 - .

1 Eark 7 GpRite - _M_:Eﬂ'iﬂir' E.'.-_ =
3311 '-_'E;r'll Arcess RaR] Hgh| 5Ch
oan e i EFAS] FFh

- 1130
1 Eark =
Unused
i Read as 00%
= 1110
Eark 14
=En EFFh
= 1111 an Mg ;I-l:, /

e Bk T T T il
_ ==~ FEdR |
=Fh FFFh

Wods 1: Tmese banks also ssEree 53 FARY ufer for USE cperation. Se=e Baoilon 5.8.1 SUSE RANF “or mone

nmiomation

SHIER] Lepage B4
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FIGUIRE 5-&: USE OF THE BAMK SELECT REGISTER |[DIRECT ADDREZSING)
. agalt — Duxta Mamory " ) Proan Ocaatt] .
[elalafafofafafa] bewt e [2fafef2fafafs]a]
voo e
. a-|- - Bk i . - -
Eark Sobact! | s .
f o 250 I::ub \|
Ew=h 2
o0 M —
-
Ba=h 1
Baoog® R
e R T
o FFR
E50 el
Bk 14 .
Fots oo
Bl 1%
FEFe FFn
Mete 1. Tha SEies HAM b 0f 150 inglcslion S b= uisd B 2t o Saimide of 158 seischd Ban [BEN e 1S
tha sginkais <l 7w &2z Bach
2. Tha EIVEF rebruZion eniSsls Taoemds 12-50 adkd s in T mineslon

533 ACDCEES BANK

Wil e use of the BSR, with an emedded B-bR
address, allows wsers 1o acdress 1he enliee range of
dala reemaory, E also means hat e user must ahsays
ensure that the comect bank & ssjecied Cinersaise
dala may be r=ad from or writken fo the wrong locadon
This can b= disasinoes Fa GFF I e Imended tanged
of an opersfon but an SFR k& wriben B Insiead
erifing andior changing the ESR for sach read or
wrile io cala memory can beoome wery IneMiclent

To streamiine access for e most commonky ws=d daia
meEmory locations, the data mesory ks comfigured with
an Acoegs Bank, which alows users o acosss a
rapped bhock of memory afhout spectying a BER
The #Aocess Bank corsisis of e Tiest 96 bydes of
meEmory (J0h-SFh) In Sank 0 and Te last 160 bytes of
memary {605-FFh) im Sk 1 5. The Iower half ks Enoawn
as fhe "Acoess AWM and & composed of GPRE The
wpper half Is whene the deyice's SFRs are mepped
Thess twad st are mappess comiguousty in e
Aroegs Bank and can be sidressed in a linear fashion
k% an B-bE address (Flgurs S-S

The &cress Eank b wssd by cors FIC1E Insruclions
thal Inchede e Access RAM Dt fth= ‘a' paamsier e
fhe Instuction. When ‘2" ks =gual o "1, e Instruchon
uses he B5F and the B-bit addmess Indudsd In 1=
oprode Tor fhe dala memory address. \When 2" 5 '0°

howessr, the Fstuchon Is forosd by use e Access
Eank modress maz e ourrsnt vale of the 558 b
ignored arHosky

Using this Torced" sddressing aliows the instuclion 1o
operate on A data address oA single oycle witoul
umsFalimg the ESR Tret. For 8-bH addresses of 50k and
atowe s means fhat users can ssakake and operaks
on SFAS mons sMckenth The Acosss: RAM below E0h
I & pood place for data values that the wser might meed
o acoe=ss rapidly, such &5 Immedale computafional
resulis or common program varkables, Access RAR
almo alows for fasher and more codie = Mclert contewd
saying ard swhching ol wanabies.

The rapping of te fcoess Bark Iz sighdy difenent
wher e Extendsd mstruchon set s enani=d (KIKST
Corfipurafon il = 11, TRis s dscussesd Inmons el
n Zeckion 23 “Mappirg the Soosss Bank In
Indwxed LHsral Srifeet Mods

2.4 GERERAL PURPOEE
REGIZTER FILE

FIZAE dewloes may have banked memary In the GFR
area. This s data RA8 which |5 avaliabls for use by al
nstructionrs. GPRs stat at e boliom of Eark O
[address DOCH} and grow upwands owands the bafom
of the EFR arsa. GPR3 ae not mialzed oy a
Fower-om Fe=set and are unchanged om &l other
Res=ls.

DT Ricech p Tachssie gy It
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10,0 WO PORTS

Cepencing on the deslice selecisd and fealures
enabled, there are up to fve ports avallable. Some pins

of the IFD pors ane mubolexsd whin a0 al=me
funchior fom e peroneral fexiurss on the dewics =

general, when a peripheral Is enatied, that pin may noft

b used s & geneal purpose UG pin.

Each port has three regisfers for s opemtiion. Thess

replzbers are

» TRIS regisier {data dirsclion regisier}

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

* LAT reglster [oulput laich]

The Cais Laich regisier {LATA) s useful fior read-

modfy-artie operabons an e value driiven by e 10O

pires.

A simzifizd model of a generc /S port, withoul the

riferisces o oiher peripherals, b= shown In Ague 10-1

FIGURE 10-1: GEMERIC 1D PORT
DJPERATION
AL LT
] .
. o o —h—
R LKT = w0 piedl
o PORT ':_L
Dinin sk
lL—1lo o
b K
TRES Ladzh
[ lome
RO TRE I~
I N Y
H
ED POET L - —l
Heas 4: WO plinie e dede prodscizs iz Voo and Ve

10,1 PORTA, TRIGA and LATA Reglstara

FOATA 5 an Sbit wide, bidinsctional port. The oome-
sponding cala dirsciion reglsi=r |5 TREA B=ting a
TRESA DR {= 1} wil malke fhe comesponding FORTA pin
an inpast {Le., put the comesponsing oupul driver ima
Figh-mpsztanoe mode) Clessng a TRISA bk (= o)
make e corresponding PORTA pin an owipuk {Le., puk
the comznis of the cutput lalch on e siecied pink.

Rexdilng the PORTA reglsisr reads the siatus of the
pins; wriling to ibwdl wriks do the port faich.

The Dwis Lalch regisker (LATA) |15 also memory
mapped. Resd-modBy-wrile operafions on fhe LATA
regisier read and wril= the laiched ouwlput valus for
PORTAL

The R#&4 pin s mullipl=xed afh the Timerl module
dock Input bo beoome the RASTOICE] pin. The RAE pin
b mraziipi=e=d wilh e main osclialor pie; | s enabied
as an osclizhor or B3 pin by the s=ieclion of the main
oiclalor In Confiporzion  Reglsier 1H  (zee
aotion 361 “Corfiguraton BSs” for defalis]. When
nof used as & port pin, AAS and iz assocal=d TRIS
and LAT bis ar= resd as ‘o’

FAd ks sz mulliplee=d wiin the USE moduls; IE sepsess
as a repefeer Input from an ewternal USE fransoebaer.
For detalls om confiperafion of the USSE module, see
Zaabion 17.2 “ULE Stxhss and Cosdroln.

Syers FORTA pins are mulipexed wilh analog ieputs,
Im= Ansing YREr- and Veer- Inguls and the comparalor
volaps refererce culpul The cpsralion of pns RAS
and RAITRAD as AT converi=r puls b5 seisciad Dy
c=arngisemng the conrol Dils In e ADCOM raglsisr
(A0 Cunlrl Register 1)

Wobs:  On s Fower-on Resel SAS ard RATRAD
ar= confgured as araksy Inputs and read
5 0", Fisd is comfigured as & dighal Input.

Aj| other PORTA pies kase TTL Inpuf lesels anad Tul
CASDE pulpus drivers.

The TRISA register confrols fne direcion of the A&
pinE, mven wher they are Deing ussd 35 anaog Inpus.
The user must arsurs the b In the TRESA pegister am
mialmiaines s=t when using thers as anaiog Inpuis.

EXAMPLE 10-1:  INITIAUZING PORTA

ZLETF FOETA  ; Imimdalize PORTA by
: Tlearirmg cuspue

; daks lntchasr

ILET LATH ; Alcsrmats mathod
1 te Slear sutput
1 daka latchar
FEOW1lR  [Fh 1 Somfigure AT
EFSMF  ADCONL ; for digleal inpote
EfW1R [Th : Configore comparatoIe

1 for digimal dmpuot

; Waloe oasd EBo

; indtialize dats

; dlesstion

: Ewt BA<cd D am dnpota
1 BRE 4 uw ootpota

FEOWLE  [CFh

FERNF  TRIER

D ST Wicszch p Tachssdegy e
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TASLE1(-1: PORTA I SUMMARY
Pin Famcien iy ] 1D Tyee Cegmriplicn
=alling
HALAMD HaAL ¢ Lo iy LHCE LATA« > S5t oolial] S5 aFached Iy aselsg 1=l
1 L] L PO RS St =] Sl el wban= arm g ool @ bad
LY 1 L] AME AL inpa Shmnral O snd Cofpasalss O Inpal. Dakadl® eo=) g ialas
g IR o sl el Sg kel ol
Ha A HA! 1 [t gy D LATA« 1 Sifs oolodil;, 2ol aPacled by asalsg 15l
1 L] ITL PUHTEC > St (Sl s 1 on 180N
EH! 1 L] AME AL inpil kil | snd Cafrplsalad D3- Inpal el el guialias
gy (PN el el Tt SgEE aulpest
HR AN HAZ ¢ Lo iy LHCE LA A S Sl ooliul SolaFeched Iy eselsg Spal Doebied wieas
WERF-TUWHEF AR el armtiad
1 L] ITL PO LA St (Sl DeEabred el @ kg b e s e D8 ed
thaal o el DWW R EF culpol oS
LY o) 1 L] AME AL sl Shmsrml T and Consarael OO inpol Dale o] coshguaiatias
g (P el el Dy e kg st
YRR 1 L] AME AL and S it valige felene=ca kow inpail
LWREF ® Lo iy AME i pasalsr volka g rifaienos Sl B bng Tis ealurs SEmSlas
o gl 0
HAZAAM T HAd ¢ Lo iy LHCE LATA«Er St oolial] S5 aFached Iy aselsg 1=l
VRIS 1 ] TIL | POHTES e dam (=l dmalied wihe= aim g ot ambad
Y e ] 1 L] AME AL sl Shasral T and Consarael O ingal ekl coshgaiatas
o IS0
WREFa 1 L] e AL and SarheE it vallage felere=ca ligh inpal
HARTDCEL HAS ¢ Lo iy LHCE LATAx&r S5t oolial] S5 aFachad Iy aselsg 1=l
S Ll 1 1 §7 | PCIHTEs b i ) cwaleed wbens i g o8 b
TDCE] 1 L] 51 Tim D St iSpirl
L L B | 4 Lt B EHCE Campmesalar | oulsl b sdkails cxwd poil ik
R ® L] ITL Exieimal USH Fessoeser ROV ngpdl
HASARATE Has r (S DI | LaTas S e ool sotaPecked Ly eselsg IS
LN <LA 1 1~ TTL | PORTESe dats ol il sl ariog sl ol
LY ] 1 L] AME AL input Shmnral £ Defack ssmiguralon an POH
T 1 N TIL | Staww siomet inpul o S50 (MESP meso)
HLVDHM 1 L] AME High'Los-sabaga Sebec? sxber=al g 2421 gl
Lo B & Lo By LHGE Campasalor & ouloul Bk s Sraills e poil Saka
Ll ] P = o AME R coes e feeadbacs, Oclpar conreslen (@l X1 ard HE nedas]
HaEg CLEG = L By LHC Sayatim cypde Sicy gulps® [FOsSod ] salabe nEC ELM L &=4
IWTCEL mcdas
Ha" ¢ Lo iy LHCE LATA«Er St oozl Svaimbie sny in BCES EC0 ar IRTID
recdes, olfawies, raachs as"0°
1 L] ITL PFURTECE> Sifs Spal Sealnle oSy 1550100, ELPUCand IMTHD
i ol Fawien, readhs as 0
Lageind DUT = Cuglad 1K = I, AMS = Simisg S gsal D0 = Digisl Caifecl, 51 = Sl R Bufer 15§l

TPL = FTL BEasfer Inpal = = Don L Sane | THRIS B S it @] S0l Ssaddios o B Svaitelden fod tha aplias)

D83 D-page 112
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10.2 PORTH, TRISE and LATE
Reglstars

FOSRTE Is an B-bE wide, bidrectional port. The come-
sponding data direction register [z TRIES. Se8ing &
TRIEE bil (= 1} Wil make the comesporcing PORTE
oin an mpul iLe., pet the conresponding culput driver In
& high-impedance mode). Cearing a TRESE bl (= a)
will ezl the cormesponding FORTE pin an cutput e,
pook T comisnts of the culput aich on the ssisched pin).

The Caba Laich regisisr (LATH} 15 also memory
mapped. Read-modify-wrfie operabons on the LXTE
register read and wrie fhe lakched culpu? vakee for
FORTE.

Each of he FORTE pins Ras a weak Imernal pollup A
singl® confrol ot can furn on al @ pul-ups. This s
erfomeied by cl=aring bR, REPU [INTCOMZ<T=]. The
wesak pullup k5 alomaticaly bemed off when The port
oin Iz oomfgured &5 an oupul. The pulbups ars
disabked on & Poser-on Reset

The pbemupt-on-chiange f=aure Is recommended for
wake-up on key depresslon opsradon and opsryions
whemn FOSTE ks only used Torihe inderupi-on-change
festure  Polling of FOATE = not recommenced whie
using e mkEmpt-cn-change f=ahure,

Finz, REZ and REZ, ane mulipkeesd wih fhe UES
peroheral and seree as the dferential signal cuefpuls
for an exterral USE lanscelver [TRES comfiguralion).
Fefer o 3soblon 17.2.2_F “Exfsmal Trancoslver? for
additional information on corfigering the USE module
for operafon with am extemal rarsoelser

RBL [z mulpkewsd wih CSSFP, the chip seiect

function for the Sireaming Parals Fort (5PF1 — TRES
saiting. Delals of B operabom 2re dizosssed n

Eecklon 180 “Eirsaming Faralisd Pori”

EAMPLE 10-2: INITIALITING PORTE

Mods:  On o3 Power-on Seset SELRED ane

corflgunsd a5 anaiog mpuls by defaulk and
r=ad as “a1"; RET-RBS ar= configured as
lgital Inpuls.
By programming the Configerabdon bR
FEADEM [CONFIGE 3H=1>], RE4:RBD wil
afl=nraafsely be conipured as dighal inpuls:
on POR.

Fowr of the FORTE pins (RET:RE4) haws 2n Infemups-
on-change Teaturs. Snly pins configuned as Inpuks can
cause this Indeprunt #o ooowr. Any RETRE4 pin
comigured 25 an culput [x =xciuded Trom e ntemups-
on-change comparison. The pirs ane oompansd wilh
= old values laiched on the last read of PORTE. The
“mismalch” oupuls of RETAS4 anre SR ogeiner o
genemale the RS Fort Changs Im=rmupt wilh Sag b,
FEIF (TS0 =],

The Imisrrupi-on-chang= can D= used b wake the
deyice from Slsep. The wser, b the inkEmept Serdce
Rioutre, can ciear be inlemept In the folosing rmanner:

Al Any read or wrle of POSTE (=xcept wih the
EMOYFF  (AST), FORTE Insirucdonl. This wil
=nd The mismasch condlion.

o] Ci=ar fap kbil, REIF

A mismeabch condBon will comiinue bo st Tiag ok, REIF.

Reading FORTE will end the mlsmaich condifon and

allow fimg bE, RBIF, 1o be deared.

ZLETF AT ; Imiedalize FORIRE By

1 wlmazdng sutpat
1 daka latchew

ILEF LATE ; Alcsomate mathod
1t Tlsar cumpue
1 daka latchaw

ENWLE [Eh ; Set MR D am

FEWMF  ACOONL ; digdtal L0 pine

1 lrwguiced Lf candig hiw
; FEAISE Lm awt|

; Yalus uwrsd to

; dndtislize dAnts

; dleection

; Eet PR, 0 am ingess

; ER<E. 8> aa curputs

ERNF  TRIER

1 EE<T 8 aa Lmpunr

SHIESIDpaga 1M
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TAEESLE10-3: PORTE VO SUMMARY (CONTINUED)
Fin Furszlizn . Ly u] L Toep=a Desciiplen
Zatling
HESREL HES % DUt i i) LaTHee- Satm galpn
P 1 TIL | POSTE e i gl waih palbap when REPL 61 b casned
RE2 1 M TTL nlainug ke r-gn o
| o] ® M -1 Sertal edoaSiiian {FEET™) dodh npul fad 1SS ard 10D -1:|.Il-.|ll.l""'Fl
HEFHES HEV 8 DT i ] LAt e St dalpn
o 1 M TTL | POMTE T b gl weik palap when REPD Ll b cassd
KES 1 M oL nlminugkor-gn domege
D ® OuT DIG | Sertal ecacuticn St augas foe K2 and K00 spenasen |4
] =1 Surkal ecaciitien St Inpdl for 1550 wsd KE 0 ageratien 0
Lagend DUT = il N = Insut, AMS = Simisg S goal D0 = Digil Catpel, =1 = Schim® Bufler 1ol
r?l.'.':ﬂhlhi- I:lL'."'.-th.nl-p-.l'. Ber TTL = TTL HaPad Ingil, == DOsT San | TS ] doe neel alfies? =0 doedian &F @
Ssmitkien For Ihis aplas)
Kale 1 o=l guiaias on PO i delermi=ed Sy PR DEMN Conl gusalon B PUrm am confiured as arm kg nsuts atan

PHalLEY & el ardd dig bl insus whan FSA0ER B cladned
s Slpmiale = asssnrrant ol COP wiams DOPTRE = 4. Delaul assE=re=] @ 200

[

4 S 1 ey e Gy

Bl aTed pis Ui dne dEaSked wian 1IEE™ of 00 Sptalo® @oermbled

TESLE10-4. SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

RsGet
Harms EHT Elt 8 BIE& En4 [=]1 §:| BIE Z BR1 EHD Valuac
on pags
PORTB RET REE RES RB4 REZ REZ RB1 20 Ed
LATE LETET LATBS LATES LETE4 LATEI LATEZ LATEA LETED o
TRISE TRISET TRIEEBS | TRIEBS | TRIGESS | TRISES | TRIEE2 | TRISET | TRISED E4
INTCION GIEMIEH | PEIEGIEL | TMRIOIE KTCIE SEIE TRROIF NTCIF SEIF 51
IHTCIOME RERT NTEDGD |INTEDG | INTEDGZ — THRIIF — REF g1
INTCIOME NT.2P HT1IF —_— KTIHE NTIE —_— NTZIF NT10E 4]
ADCOHA — — e cy WZFED | PORG3 | PCFGZ | FOFGA | FCRGED 52
srecont — —_ — — —_ —  |sPrown| sPFEN =
SEECFGAN | CLECFGY | CLMCFGD | CEEN CLEAEN W53 WRESE e Wad ]
LICOMN — FPERST SED FETOIS | USBEM | RESUME | BLSFHND — ]
Legend. — = unimpi=menk=d, resd a5 ‘o', Shaded oslis ars mot used Ly FORTE.
Miofs 10 Thess regishers 2 unimplemeniad on 25-0in desioss,
D8IEEI Dopaga 115 Pra ir11inar_-.l D 0T Wieszehip Taslnsegy |
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TASLE10-3: PORTHE MO SUMMARY [CONTINIIED)
PFin Furslien i ] el Tppsa Demsripien
Sartting
HEGREL! HES % LT i ] LATH<E" Jafe dolp
P 1 0 TTL | PORTESE o el sk pulkap when REPU 181 b cesred
KE2 1 M oTL nhainugkorn-gn doiege
PG ® M =1 Seita | aoasaliah | FCEYY) cadh inpdl Bad ISP aid 100D -\:|.I|-||Il.l"""|
HEFREDS HE/ 4 LT b i} LATH« e S golpiil
aL 1 M TTL | PORTES T Sat iSpal, weik flop shien REPL L9 @ cesas
FES 1 M oL hainug ko r-gn dokge
[ ] ] auT i 1] Sertal eonsiitian St aulge® 150 KB s 1D speraten 1
M il Swertal ecasiticn St npel for 1050 wed 2D ageratisn 0
Lagend DUT = ol W = [ngt, AME = Srmicg S g=al DG = Dl Cutpal, 51 = Schme R Bufer 1=l
I'?L'.':Hl:i- I:IL'."_Hl:il.ul'p.i'. Bfel TTL = TIL HoPad Ingul, x = DT Eanh | RS D] ded nel alies? =00 dieddiah & @
Sxittkden Mo lhia aplias)
Kale 1 Lo=hgu s an FOK B delermi=ed Sy VRS DER ol grislon B FUns dre cenfguned as am oy nsuts wikn

PHalEY (& fel arsd dig bl nsusefan FEADER B cledned
fra SEmiale = dssSnment i OO wiees DOPSRE = 4. Delaul asskg=ra=] @ 200

[

4 LML 1 e e iy

Sl afer = undkss G EmSad whan [DEPT™ o [0 aptalss wenabied

TAELE 10-4: SUMMARY OF REGISTERS ASSO0OCIATED WITH PORTE

Secal

Hams EHT BH 8 =114 =] Bt 3 BIE 2 B 1 EHD Valusg

on pags
POHRTE RET REE RE= RB2 B3 REZ RE1 A0 o
LATE LATET LATES LATES LATE LATEI LATEZ LATEA LETED B4
TRISE TRISET TRIEEES | TRIEES | TRISEd | TRISE: | TRIESZ | TRIBEY | TRISED EL
IKTCOM GIENGIEH | PEIEGIEL | TMRIIE KTOE SEIE THREIF MNTCIF SEIF 51
INTCORE L3-1-) NTEDGD |IMTEDGH | INTEDGZ _— THROIF —_— REF B
INTICOME: MNT 2P NTIIF — KTIE NMT1E — TAF NTI1E g1
ADDONA _— _— WCFGT WCFGED | PCRG3 | POFGZ | FOFGT | FCFGD g2
grEont’ — — — — — —  |sPrown| sPEEN ES
SFECFENN | CLECFGY | CLECFE0 | CREN CLEAEN W5S3 WS WE1 Waa =]
Lo — FPERST SED FETOIE | UEBEM | RESUME | BLEFND — 4]

Legend: — = unimolemenk=d, resd as "o’ Shaded celis are robused Dy PORTE.

Mofs 1: Thess regishers ars unimplemenied on 22-pin dewices.

08 INETI Dpage 118
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21.0 10-BIT ANALOG-TO-DIGITAL Tr'l:I :-_I_}_ﬁHJ r-m_::h:' '__r:r_nj:_-l-n *E Ri=g -JierE"'
oninols e cperadon = AT moculs ]
CONVERTER I:AJD:I MODULE ADTOM regisier, shown In Regisber 21-2, configun=s
Tha Analog-io-Digkal (8000 comved=r module has In= Tunclions of e port ping. The ADDONI regisher,
10 puis for the 25-pin dedces and 13 for She thomn In Feglsier 21-3, confpures e AD clock
40isd-pin cevices. This module slioes Conversion of an SOUNDE, programmed acgulsion Gme and jusificadon.
anaing Inpet signal io a coresponding 10Dt Cigis
FUMDET.

T maodule kas fve ragisiers

' AT Fasult High Register (ADREEH)
" ATD Fesult Low Reglster (ADRESL]
* ATD Control Reglster 0{ADDOND)

* &TD Conlrol Reglster 1 (ADSONT]

* A&TD Corlrol Reglster 2 {AD50N]

REGISTER 21-1: ADCOND: &'0 CONTROL REGISTER ©

U-a U- aiam'] RSO R0 A3 Aa-a -0

— — CHEZ CHE2 CHE1 CHED SOTONE ADTH
ot d

ol T

Lagand:
R = Se=adatie il & = WWirHabl= bR U = Unimplemrenied bR, rexd as 0
-n = Walue at POR 1" = Bl I5 5=t ' = Bi Is clean=d W = BE Is unknoaan

) ] Unimplamanted: Aead as ‘o

ol £-2 CHE3:CHED: Aralcyg Chanrel S=keici bis
0000 = Chanre] O GANT]
oooL = Chanre] 1 (AN1]
ppln = Shanpel 2 (AM2}
D01l = Charre] 3 (AMI]
£100 = Chanre] 4 (AME]
p10L = Charre] S janc) it
pal0 = Charrel & (aME[
11l = Chanre] 7 (ANTHLE
1000 = Charre] 2 (ANE]
1pal = Shanpel S (AN}
1010 = Charpe] 10 (A1)
101l = Shaneel 11 (AR
1100 = Charre] 12 (AN1Z)
1101 = Unimpiemengegi!
1110 = Unimpiemengegt?!
1111 = Unimpiemengegi?!

it 1 GOVDIOME: ASD Conversion Sahus bR
Ahen AR = 1
1 = AT conversion In progress
o= AT [die

ot d ADTHN: AD On bi
1 = AT converier module b5 enabless
o = AT converisr module s disabled

Mots 1: Thess chanrmels am nof Implement=d on 28-pin desloes.
2: [Peromeing a conversion on enimplememed charneis Wil retum a foating input measurement
T ———— — — ——— — ——————————— ———— N N N hhhatas
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REGISTER 21-2: ADCOMT: A0 CONTROL REGISTER 1

T H RAN- v R0 Rl Rt R
— | — | veroo | worso | eorsz: | FoFaz FOFG FOAGD
bt 7 bED
Lagand:
R = Reiabie bk W = Tkl il U = Unimplernerbed i, read as T
- = s A FOR 1" = Bk Iz 22t T = Bl Is cl=aned u = BK I5 unkrown
bit 7-€ Unimplamanbas: Sead a3 o
bk & WCFG0: VoRkage Readeranos Comfiguration it Jvspe- souncs
1 = WREF- (AN
0=Es
bit2 WCFE0: Yokage Referance Configuration bit (vierr+ soume)
1 = YREr+ [AM3
0= Yoo
bt 30 FCFE3:PCFE0: AD Fort Conigusation Control Dk
porax| ®lz 2 sl e l2 % |5 | =]alel-]a
poFee | 2 [ 2 |2 |2 |2 (2|22 |2 |2|2|32|=
poga!l] & A A A A A A A A A A A A
poolL A A A A A A A A A A A A A
opola A A A A A A A A A A A A A
o1l D A A A A A A A A A A A A
p1oa D ] A A A A A A A A A A A
1} 1 D ] ju] A A A A A A A A A A
p11a ] ] u] ] A A A A A A A A A
c111ll| D o o o o A A al alalalalas
1004 ¥] [x] u] [x] ¥] [ A A A A A A A
1001 ¥] =] ju] =] ¥] [ 2] A A A A A A
1014 ] ] u] ] ] C ] ju A A A A A
1011 ] ] u] ] ] C ] ju ] A A A A
1104 D ] u] ] D C ] ju] D ] A A A
1101 D ] u] ] D C ] ju] D ] ] A A
1114 D ] u] ] D C ] ju] D ] ] ] A
1111 D ] u] ] D C ] ju] D ] ] ] ju]
A m Ansiog Input Ol = (DgRal 2

Hots 1. The FOR value of ke PCRG bils depencs on the vaue of the PEADEN Comliguralicn bk When
FEADEN = 1, PCRE<310 = oonn; winen FEADEN = 0, PCRE<3:0> = 0111,
2o ANE through ANT are asvallabds only on 406&4-pin deslces.

DEINERID-page 28D Freliminary o F0ET Misssehip Tagtnsiegy Ire
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The anakog reference vwollapes 15 softwane seieciasis o
siherthe cevioe's oot and regalve sepphy olage
Woo and Ves) or the volape === on the
RAZMMNEREr= and RAZTANIVREF-"CVRER Dins

The AT conserer kas & unlgus Fsafune of belng able
o operal= while e desice B In Sls=p mode To
operale i Skeep, e AT conversion clock must be
derfied Trom The A0 Imennal RC oscliaion

The culput of the samoie and hold = e kput kb the
consersr, which gensraiss ihe resul via suocesshes

A deyice Reset fonces Al regishers i thelr Reget siate
Thls forces the AD modue 90 be umed oF and any
corsarsion In progress IS amorisd.

Each port pin associaled whin the AT corréerer can be
corfigurad =5 an anakog Inoet or 35 a cigital B3, The
ADRESH and ADSESL reglsiers comiain the resull of
th= AT comseersion. Wihen the AT comsersion s com-
plebe, the resul s losded (Mo Ihe ADSESHADRESL
regisler galr, the GODONE DiE (ADZ0ND regisk=r) Is
deared and AT Ickemopt Flag B, ADIF, |5 s=2 The

spproxmaion block diapam of e AT modul= B shows D
o Figure 25-1.
FIGURE 21-1: AiD BLOCK DI&GRAM
CHE:CHED
U I I N I
e ELE_._H.;
1 1
i M\H-‘h"‘
1 1
! 1010 !
o 1—'—E| AR
1 1
! 1001 !
: i 1‘»—:—E| AkE
i 1000 1
. : Ak E
E @11l : E”"?I“
: '_FHLB jhE"l
1 1
1 1
Y N o1a1 . El-‘“E'“
1 1
: e @LAA .
VA ' : :' _[ | Ard
1-EN [N iokage) : '_H LLISSE — arcs
Corverier ! T I | 3
AT . ooia !
| —0 D T E_m;
1 1
'CFG1|'-[$FE-IZ A N E"“'
1 1
i. 1. -E '-":I:l':":' : _— goaa : 7 ana
r———1 ! _ 1% | tommmmmmmmmmmt El
1 WRET+ [ b |
| Fn_zl':l'rrczl (e
| wEgE | [ — P " e
L 3 YREF :-:i 1o
N H .
R H i
Hode 1: Channesis &MS hrough ANT are not avalisbls on 25-0in devices.
17D piris hawe dods probecfion i Wi0d and Viss.
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LM158,A-LM258,A
KYI LM358.A

LOW POWER DUAL OFERATIONAL AMPLIFIERS

MTERMALLY FREQUENCY COMPENSATED
LARGE DC VOLTAGE GAN: 10008

WIDE EANCWIDTH {unity gain) 1.16MHz

(l=mperalLrs -:..r“]:-ersa.@:lg] .*
WERY LOW SUESLY CURRENTION 15004 ﬁﬁ
ESSENTIALLY INDEFENDENT OF SUPPLY

VOLTAGE .
LOW INPUT BIAS CURRENT: 20nA DIPE
(emperature compensaied) [Fraztic Fackage)
LOW INFUT OFFSET VOLTAGE: Imy
LOW INPUT OFFSET CURRENT 2nd
MNPUT COMMON-MODE YOLTAGE RANGE T
MCLUDES GROUND wh
DIFFERENTIAL INPUT VOLTAGE RANGE na2
EQUAL TO THE POWER SUPPLY VOLTAGE 208 & mini208
LARGE CUTRUT VOLTAGE SWING IV TO {Flastc Micmackage)
LW'C0 - 2l

DESCRIPTION ‘,

These droults consist of bao Independsnt, high
galn, Intamaly fequency compersaied whith P
wene deeigned specically 1o operate from & sn- TasoPs
2 DOWET EUPDYY OWET 3 wide range of wafages. iTrin Shenk Smral Cuflne Fackags]
& oW power sUpply draln s Ind2penden of the
magrinude of ihe power sUpDh woitage
Appleaton areas holsde tareducer ampliiers,  ORDER CODE
dz gain blocks and all the convenfional op-amp - P——
gircuits which now can be mare aasl;‘ mipiement- et | et
&d In Bingle powar GURRY Syslems. For example, na= H|®|D|P
g2 ciculls can be d 'E:l.lfr HEHEE with ihe _M1EE & -BErC =25 . .
slandard +5V whnikch Is used In 9 E!l'EtE'TE and =8 A L. =050 . .
wil easly provide the reguired Inferface elecon- e A L oo .
6 without regquiring any adabanal poses suppiy TR L
mihe Iinear mode Mg INput common-mode wokage

range Inchudes ground and the cutpul vollags ©3n Ko Conlin Line Fackage 0Py _
a0 5wing 1o ground, even NoUGN ODEraIEd fTOM 5= Srua e Cxage imin 5% rky s« aps. £ Bas (37}
I:|'1|':|'.3 5|'I§E P'l:l'.'i'l:-f E"IF'F'T 'J:"]QE. Fe ¥ “.ﬁ Srodl Caml ve Pecisgs [T550F) - onls woailsbl 1 Taps

PIH CONMECTIONS (nop wisw]

S !
1 [ ] a :
- i
3 E] - :"'-':c'
l: ] 5 - Mon-imseeriing imput 2
:.E :|u S - Insariing Input 2
7 - Ot 2
+ [

] s 5 - Vigg*

July 2003 12




LM155, &-LMZEE.A-LMIEE.A

SCHEMATIC DIAGRAM (172 LWM133)
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vl Cz-wman b g b e e - nkngs el 1o fagroearad 27 T T

Bl EW CREE

:l:u11||::l.~d:lm.rd I:Tll rEd mﬂl‘ﬂ i o dhin o ez iuEe w o wa MR
'i‘F.u*l'..'—E"'-:i".-'n"""“" i d"']Tm;"ﬂ.hl‘mdﬂil‘Hﬂd‘n-\.#

B
[

1%
{1:- —E. 12
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== (=1 .
By
] - . GMD
ABS0OLUTE MAKIMUM RATINGS
Eymbol Farzrmetar LM1E3 A LMEZEE & LMEBEE A Urit
Yoo |Bupply wollage =-16 or 32
W Inpazt iolkage -0 %4 =32
Wy Differ=nidal Input olage +32 .
Fiat Power Disspaign 1 500 i
Culput Shor-drosk Duralion rAanie
n | Input Cament ¥ £ ma,
Tm Cpeafing Fres-ar Tomperaiune Ranps LEo+1E | S0k +05 | Do+ "
Tep |Swmrage Temperatune Fanpe -55 o =150 b=
Py clium g ibor moet b oo ensd S S e Ml irnam funcion Serpsenaturs T B rot sscesded

Shericraulin from e oz l;nl:.ll:-i i caan § pecea e head g WY 0 P0E. Tre mindmar sla s corent bsppros Taisly #m A roezandend

b
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LM158, A-LM2Z538.A-LM3I5E.A

LM ESA-LMIERA LMIGE-LW2EE
Eymbal Faramatsr LMzE2s LMzza LimiH
M | Tvm R MinL | TFR M.
High Level Culput Wolage (v, ® = 300
Ty = 250 = 2R - - - -
I - 2 & o0 d
Vo e s Tamn = T 25 ] :
Ty = 250 Ry = 10e0 a7 | ozs a7 | ozs
Tewie % Tams 5 T Frg I
Lo Lavsd Suipul sollage (Fy = 10kRE)
Vi T = =25"C 5 rai | =1 20 e
Tk 5 Tawr 5 Taas 1] X0
Glew R
2R W m 15 W) 0.5 b 308 By m 20D, WiLs
1y = 1000F, unity Gain 03 0E 0.3 0&
3ain Bandwidth Froduct
GEP Vi = 300, £ DOEHE N, = 10MY, Fy = 2R MHZ
Ty = 100pF 0.7 4 0.7 14
Tolal Hanmonic Clsiorion
THD T Ab=E, A, = 20dE, Ry = 2003, W, -'EI‘.PP' - - L]
T, = 400pF, Vi, = ZupD il k] 0z
Epuivalenk Inpul Molse wolinge (el
" fmikHE, B, = 1000, Vpp = 200 ES Ex JHz
Oy, | Inputofeat Vokage Crilt 7 15 7 En W s
Digy | Input Ofgst Cument Dt j La] i 11 hla] 300 [=d e
\iagfiiog | C2NNE Separation - note & e
e 1EHz 212 20EHZ 120 20

W= o B O B ol o BN, D W W -

m-:-.:l-r.-'u-u.pu carer! B e sidhe (C THa carmeri 0 ssands @ conEnnt,  rdeaeeiand of B drs o' 198 puipad ga re basing dharge
e b o B s et

1 Thas EEEE ol &Iy el LT R R D R ar. dae 056 The wid o
{HII'I.P':-:HG-I-&II rargs l = |§.-T"'n"-r-.:'- um IFﬂ‘LI1 p;lblufim — e
L | E;ﬂ;ﬁﬂrﬁm:‘i 'r;m:-::‘ﬁ:::::u g bu ek nr;r.l.rq-l.lllfcl.;l:hn:l el i et @i W anin Thin bapdcally
OPEN LOOP FREQUEHCY REEPONEE pOTR 5§ L-'}-DF:GEEEW-L FRECLEMCY REEPONMEE
Fa] T T T T
i =
= i
i waf 'ﬂ& = 18
= [ -4
! &
o oen E [
= =
= 40 =
= =i -
M| won - c1mias W 1
s & T o = T8°2 )
a L1 1 ""'v.,'. o e
1WOW IR R EA W M R L L ol -
FRECLEMCY {Hx| FRECAENMCY [Hrj
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LM158, A-LMZFE.A-LM3IZE. 4

LM EEALMIZEA LMGE.LR2EE
Symbal Faramaisr LM3EdA LMazd LimiH
Mir. | Tym R Mir. | Ty Max.
High Level Culpert 'olage (V" = 300
_l'l: =+ IEN0 Ry = IR - - - -
Vou | Tor T =T e A :
Tamy = *23°0 Ry = 1080 a7 | 2= T | 2=
e T 5 T I 1
Loty Li==ssd Surput -.-“:hla-:c Ry = 10k
Vi Tams = =255 5 | 5 .1 i
T 5 Tart 5 Tmaa e | X0
Siew Rae
F=3o W = 150, W) w 05 ko 30 By = 2002, WiLS
Sy = 1000F, unity Gain 0z 0= 0.3 0s
Gain Eandwidth Froduct
GEE Winp = 304, ! = dD0EHE N, = 10me, Ry = Ik AHE
Ty = 100pF 0.7 4 aF | 14
Tola Harmonc Dlsiorean
THD Tu 1bHZ 20dE - IR W = 2 - - B
oy = Ip::.:. -..:'::-LI:IL = Lo 100 ] OOz
. Exquvalent Inpul Molse ‘ioltage il
= AKHE, By = 1000, Ypp = 30V 133 gs JHZ
0%, |InputTifses VoRage Ol 7 15 T x T e
Dl | Input i ZPses Cument Ol 10 zZoa 1a 300 [ =
T T Cranny Seperation - ot * dE
s 1kHz = 7= 20EHT 20 -1

Wom L By O B W o B, D W e -
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LM158.A-LM258, &-L M 355,48

WOLAGE FOLLOWER PULSE RESPOHSE CUTRPUT CHARACTERISTICE
4 —T #
— AL¢2k E:EE::?L'—
gg B f \ ves e L [ MCC = 4308 -]
] 7 11
S NN Qe s i
2o = = :
1] -
. 1 = el e
— 3 B oo
S
— u e a F
£, T o e2t
zz [ (] " T A
2 [ 0 ¥ 1] T T T 1w m
TINED ) OLUTPLT SIKE CLIRRENT [n&]
WOLTAZE FW REERIHEE OUTPUT CHARACTERIETICE
| ] =] .
_, e I E Voo
& i
E E
g_ =— | %- i £ |veop = '-"#
. B == [ |'| E -
gt o 83 e "'”'f )
B (]
5 | Inp = :_3 4 ]
= o T T
= | s ! == || mdapmectent o v |
a =0 |I |I"' |'I E . Tambh ™ 425%0 |
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B 7 ¥ a3 4 W ® 7 B Ei an LA 1 1] =
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] T ] T T T T 1
- WedV - = W]
ﬁ_ = E_ m
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E - 1 Moo -.15-.1_ _ § M -4 |
= E™ =]
-] o w8 T g™
# 5]
a a
I EE R ‘EE-3F -IE B IE AN 4 ER I TN
TEMPERATURE ("C) TEWPERATLRE [*C|

pa—
ATY

i
EJ




120

LM158, &-LM258. A-LMISE.A

IMPUIT YOLTEZE RENCE ELDPLY CURRENT
15 4 —
¥-p
= /// E : """T:l T
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2 HaaE [~ = e
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el o)
|
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i] 1 i L ] 1] | x
EOWER SUPPLY WOLTAGE [2) PZEITHE SLPPLY WOLTACE [¥)
&0 T 1 100
_ Ro=20k i
% 420 = = — IE
3 o
o & Ro=2& E oo
g o 1
- -
5 7 —1
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115 |
1ia —
105 EWH
100
us
)
BS
B
TS
Fix)
85
BLIE-35-15 § 25 45 85 B5 105 125
TEMFERATLRE ['C)

POSER BLUPPLY REECTIN RATICE)

E|

115
110
145
we [ FT [
s |
an
EH
an
T
ki
EH
SiE5-3515 § 3545 &5 35 105 135
TEMPERATURE {'C)

COMEOH HODE FENECTEIH RATD id

TYPICAL APPLICATIONS [singis supply voltage) W, = +3V,,

AC COURLED IMVERTING AMPLIFIER

AC COUPLED MON-INVERTING AMPLIFIZER

s "

LN

G
W

ROR-INVERTING CC AMPLIFIER

O SUMMMNG AMPLIFIER

;

r P
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il DR PR TR M
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LM138 A-LM258.A-L M358 A

HIGH INPUT Z, 0T DIFFERENTIAL AMPLIFIER LISING SYMMETRICAL AMPLIFIERS TO
REDUCE INFUT CURRENT

ME! = BEasd BS = S = R = M)
B 1e ZRN|| jeg ey

el -ul— | Pt EANTHET S I4T PACHINE SN
B afuren g = 100 (@g &g T J "

HIGH INPUT Z ADJUSTASLE GAIN DC . o
IMNSTRUMENTATION AMELIFIER LOW DRIFT PEAR DETECTOR

PRl e S end RE s ks BB = T
IR T R PR
[

A o ag s 00 jig = a4)

ACTIVE BAND-FASS FILTER
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LM158,A-LM253 A-L M358 A

ACKAGE MECHANICAL DATA
E PINS - PLASTIC DiP

[
i ] - I
AAARLS =
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B|H | |
I
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L |
L]
o I I
LI (]
]
rl ]
OooOood
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Mir TvE. e Min. Ty Max.
& 3.32 0.13%
a1l a5 ] onz0
| 1% 185 CLoas aly-]
b 0356 085 ondis 0022
b1 03104 0.304 onoa 0012
C 10.52 L4320
E TS5 = o343 0384
B 2.52 0.1C0
k] T.E2 0.5000
el T.E2 0.300
F EE 026D
[ 535 0.20a
L 218 3.8 1325 CLisa
z 183 el ]

kvr
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APPENDIX D

LM7805 Voltage Regulator Datasheet



I
=20 RS H I
SENIC OGNS TORT

LM7aXX/LM78XXA

Featuraa
B Cufpul Currenilup 1o 14

B Thamal Ovencad Profection
W 3nor Circulk Prodection

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

B Cutpul Transkstor Eafe Operaling Arsa Prodsciion

Manch 200E

3-Terminal 1A Positive Voltage Regulator

General Descripticn

Tha LM7TEXX sarles of Hes bemminal posilis ragulaiors
are avalabls In 1he T2-220 package and wih seveml
fe=d cutpul volages, making them ussiu I a wids
rangs of applicalions. Each byps amploys Imernal oument
limiing, Tammal shul down and safe opemling arsa pro-
tachion, making Il essenfally Indestrucibie. H adequats
haat sirking s provided, ey can daliver over 18 oulput
ourrent. AMhough designed pimarly as fied voliags
regulatons, hese devioss can be ussd wih sxlemal com-
ponenis bo obiain adushbk volages and cumans.

Crrdering Information

Product Humber Qutput Voltage Tolerance

Packags 1 perating Temperatu e

LMTBOZCT
LMTBOECT
LMTBOSCT
LMTBOCT
LM7BACCT
LM7B12CT
LMTBASCT
LMTB1SCT
LMTRE4CT

=%

LMTBOSACT
LMTEIEACT
LMTBOSACT
LMTEIRACT
LMTBE1CACT
LMTE1ZACT
LMTBR1EACT
LMTBE1SACT
LMTEI4ACT

=%

TOWZ220 SA0C 1o #1250

[ I b

s200m =
LWTra DL ea, R 1.4

sty i il mrn Looan
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Block Diagram

Inpul Sarlas Pass Output
P Eleminl =)
l | ;
Cumant 208
Germmntor Praction £
| ] 1
Em.rlr? | | Awlersnca Emor
i Valaga Ampliiar
Tl ¥
Fratecion
& Sho
- E:
Flgurs 1.
Pin Assignment
TOuZE
1. Input
i 2. 3ND
2. Cuiput
Flgurs 2.

Absolute Maxirmum Ratings

Abzolubs maximum ralings ars thoess valses beypond which damage 1o e devics may cocur. The datashest
specfcabors should b mel, whhout sxoeption, bo ensura that the syshem design s relable cver He powsr supp iy,
temperarirg, and cutpul'input losding vanabkes. Farchid doss ot recommend oparation oulside dasshest

specfcabons.
ymbol Parameler Value uni
m Feul voliags Ng =5V 1o 18 36 v
Vg =2 an v
P Trermal Reskstance Juncthon Casss [T0-220, 5 =
Flaa Thermal Rasistance Junction-Alr TO-E20, &5 e
Torn Opeming Temparaiura L M7 40104185 "C
Farge LT EA Oho 125
Tera Etorags Tempamius Farge B to 150 C
2 s i kil e Lo

LA TE R LW S Resr 1.0
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Electrical Characteristics (LM7B05)
Fifar o e test drouks. 400 < T, = 125G, |5 = 500mA, ¥, = 10%, C; = 0.1 uF, unless dfersise spaciisd.

Symbol Farametar Condltions Min. [ Typ. | Max. | Unlt
Wo | Ouputitiags T, = <250 ] 5.0 5.2 W
EmA<lgs 14, Po s 15W, 475 5.0 5.5
Y, = T o 0
Aagine | Lin= Aagulabiord | T = <250 W, =TV o 25Y - 4.0 100 m
W =B 1Y - 1.8 0.0
Aegicad |Load Feguiation'] Ty= 25 |1 = 5mA ba 1,58 - 0.0 100 m
Ig = 250mA bo TE0mA, - 4.0 0.0
Iz |Quescent Cumert T, = 250 - E.0 B0 ma,
il [Quessert Cument Changa | 1= Ema o 14 - .03 aE ma,
W= T 1o 25 - 0.3 13
A¥JAT | Duputvoilags Crnl Io=Sma - 0.8 - | mwe
Wy | Ouput Hobs Vokage 1= 10HZ b2 1 B3KHT, Ty = <250 - 420 e
RF |Fippla Fsachor 1= 130Hz, ¥ = B bz 18Y N BEET - dE
Npeop | DTopout Vollags o= 18, T, = +35°C - 2.0 - ¥
ro | Dutput Resklnoet™ 1= 1kHz - 15.0 - e
lgz | Shor Crouk Cument W)= 35, Ty, = <2500 - 23 - ma
I | Paak Curranic! T, = <250 - 2.2 - A
Motas:

1. Load and Ine reguation are speciled al corslant |unclion Temperature. Changss in ' dus b heating afecls must
ba fakan info azocun saparsbel Fulss Testing with low duty Is ussd

Z These paramelens, afough guanntsed, are not 1007 begled In production.

LW L2 0na, Far, 1.4

s il e Looen
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Electrical Characteristics (LMTB054) ontirued)
Fiefar 1o e last drouke, 00 ¢ T, = 1250, |g = 18, = 10%, 0 = L33UF, Cg = 01RF, urless ctherwise spacified.

Syrnbiol Pararnetar Condltlons Min. | Typ. | Max. | Unl
Vo | CutputVollags T, =+E5'C 4.0 50 51 v
Iz = Ema o 14, Fo < 15W, 4.8 50 5.2
W) = TEW 1o 20
FAegine |Line Aeguiabcr W\ = TN 1o 25, |, = E00mA, - EC0 | =0 m
W) = BY bo A2 - 30 | =0
Ty = +25'C V)= T3 0 20V - 50 | =0
W) = B T 12 - 15 | 250
Fegicad |Lcad Feguiatiot ™ | T, =+25'C, L= SmA o 1.54 - 0o 100 i
I =Ema o 14 - 0o 100
Iz = 350MA 42 THOmA - 40 | =0
Iz |Cuessert Cumert T, = 4250 - 50 0 ma
iy |Cuescert Cumert I, = Ema o 14 - - 05 ma
Cranga W) = BY bo 25, | = ED0mA - - Y]
W) = TEW 1o 20V, T, = +25°C - - Y]

AVoIAT | Cutput voliage CrnEY 1o = 5ma, - 4.8 - | e
¥y |Ouput MobsVokage  [F = 10HE 1o 100KHE, Ty = 250 - 104 - UV,
FFR |Fipple Fejadioi= |1 = 120HZ, I, = S00MA, ¥, = 8¢ b 18 - BE D - ]

Npeoe | Cropoul Yoliags I =14, T = +25°C - a0 - v
ro | Output Resilnce™® |1 = 1Hz - 170 - mi
ls: | Shom Crouk Cumert |V = 354 Ty = +25°0 - a5 - ma
I | Peak Curmant® T, = 4250 - 2z - &

10. Load and line reguialion are specilad ail constart |unclion Temperature. Shangss i 'y dus b heabng afecs must

b laken inlo acoount saparabsly. Pulss Tasting wilh low duy (s used
20, Thess paramatens, athough guaranbsad, are not 100 besled In production.

LT3 LT EA Fa. 1.0

12

s i il merm Loon
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Typical Performancs Characteristics §
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APPENDIX F
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APPENDIX G

AR-ELCB Hardware Picture
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Figure Al: Auto Re-closer ELCB with casing
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Figure A2: Auto Re-closer ELCB without casing
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