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ABSTRACT

This system is designed for outdoor application in un-electrified remote
rural areas. This system is an ideal application for campus and village street
lighting. The system is provided with battery storage backup sufficient to
operate the light for 10-11 hours daily. The project is about to develop and
fabricate the circuit that can charge the lead acid battery during day time by
using solar as the source. To control the circuit for charging, | have used the
circuit charging that can implement the condition of the charging whether
it’s in charging condition of in float condition. When charging condition, red
LED will turn on until the battery reach the full charge state that is in
floating condition and green LED will turn on. For the switching, | used
PIC16F877A to switch on the lamp, by using the photocell sensor. The
PIC16F877A will determine whether it is daytime or night time. The light
will automatically on when the photocell sensor give the input to the PIC
and PIC will give the output to the relay to switch on the light. To control
the intensity of the light, we need the other input from the sensor. When
sensor detect, PIC will give the output to switch on for the second light. So
the intensity of the light will increase and the timing will start counter. After
finish the counter, PIC will automatically of the second light. By using this
method, its can save the energy that we using from the battery. When night
change to the day, photocell sensor detect the ray from the sun, PIC will
give the output to off the lamp and the charging circuit will continue charge

the battery for the day.



Vi

ABSTRAK

System ini direka untuk kawasan pedalaman yang masih tiada
bekalan elektrik. Sistem ini amatlah sesuai untuk diaplikasikan dikawasan
kampus dan kawasan pedalaman. Sistem ini mempunyai bekalan tenaga
yang mencukupi yang mana dapat beroperasi sehingga 10-11 jam sehari.
Projek ini adalah bertujuan untuk menghasilkan litar yang mana dapat
mengecas bateri pada waktu siang dengan menggunakan tenaga solar
sebagai sumber. Untuk mengawal litar dalam pengecasan, saya telah
menggunakan litar yang boleh beroperasi didalam apa jua keadaan
walaupun dalam keadaan ’floating’. Semasa mengecas, LED merah akan
menyala dan setelah beteri sudah selesai mengecas LED hijau akan menyala
iaitu pada keadaan ’floating’. Untuk penukaran tenaga kepada lampu saya
menggunakn PIC16F877A. Dengan menggunakan sensor fotosel,
PIC16F877A akan mengesan keadaan malam ataupun siang. Lampu akan
menyala apabila sensor fotosel memberi input sebanyak 3.8V kepada PIC.
Apabila PIC menerima input tersebut, PIC pula akan memberi output
kepada relay untuk menyalakan lampu. Untuk mengawal tahap kecerahan
lampu, kita memerlukan input lain daripada sensor. Apabila sensor
mengesan, PIC akan memberi output untuk menyalakan lampu yang kedua.
Maka tahap kecerahan lampu akan meningkat dan tempoh masa mula di
kira. Selepas PIC selesai mengira tempoh masa tersebut,lampu kedua akan
menyala.Dengan menggunakan cara ini,kita boleh menjimatkan penggunaan
tenaga bateri .Apabila suasana malam bertukar menjadi siang,sensor cahaya
akan mengesan cahaya dari matahari dan akan memberi arahan kepada PIC
supaya memadamkan lampu tersebut dan proses mengecaj bateri akan

belaku pada waktu siang.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

This chapter describes about the project’s introduction. It consists of overview

of the project, the project aim, objectives and scopes of the project.

1.1 Project Overview

This project is about to develop and fabricate the circuit that can charge the lead
acid battery when in day by using solar as the source. To control the circuit of the
charging, | used the circuit charging that can implement the condition of the charging
whether its in charging condition of in float condition. When charging condition, red
LED will turn on until the battery reach the full charge that is in floating condition,
when floating, green LED will turn on. For the switching to the load, | used
PIC16F877A to switch on the lamp, by using the photocell sensor and relay 5V, the
PIC16F877A will determine whether is in daylight or in night by determination of
ADC in that come from the photocell sensor. The value to determine the intensity of

the light we had set up it into the coding of the PIC.

When PIC gets the input from ADC, PIC gives the output to the relay to switch on
the light. To control the intensity of the light, we need the other input from the sensor



that is wave sensor. When wave sensor detect that have some wave from the user of
the road, PIC will give the output to switch on for the second light. So the intensity of
the light will increase and the timing will start counter. After finish the counter, PIC
will automatically switch off the second light. By using this method, its can save the
energy that we using from the battery. When night change to day, photocell sensor
detect the ray from the sun, PIC will give the output to switch off the lamp and the

charging circuit will continue charge the battery for the day.

1.2 Project Aim

The solar street lamp is designed specifically for portable use at the rural areas
and energy backup if disaster happens. It’s also as the new way to save the energy

and use it more efficiently.

1.3 Objective

The main objective of this project is to develop the portable solar street lamp with
the DC voltage as the source. There are two secondary objectives to be achieved in
order to achieve the main objective stated above. The two secondary objectives were

discussed in the following paragraph.

The first objective is to develop the charging circuit that can charge 12V lead acid
battery by using the solar panel as the DC source. This charging circuit can
implement the charging condition as we know we have several charging condition

like charging condition and floating condition.

The second objective is to design and program the control circuit by that contain of
PIC16F877A to control the circuit to switch on and off the lamp when the situation

change like from the day to night. This circuit also to control the intensity of the light



that can improve the efficiency of using the DC energy that only use when need.(e.g.
when nobody use the road, this portable solar street lamp just switch on with the low
intensity of the lamp that’s can save the energy and when its detect that have the user,
this solar street lamp will switch on the high intensity lamp to beam the place for the

users)

1.4 Scope Of The Project

The scope of the project includes construct the circuit in order to charge the 12V
lead acid battery. The acid battery will supply power to switch the lamp when there is
no light or night condition. Integration between sensor and wave sensor was also
concentrated in development of this system. In order to control the circuit for
switching the PIC16F877A was developed. Finally, the system was combined

together to complete the development of the system



CHAPTER 2

LITERATURE REVIEW

2.0 Introduction

In this chapter, explanations about all the word history and literature review. The

total figure related to this project will be added in this chapter along with the details.

Word History
2.1 Solar energy

Solar energy is the light and radiant heat from the Sun that influences Earth's
climate and weather and sustains life. Solar power is sometimes used as a synonym
for solar energy or more specifically to refer to electricity generated from solar
radiation. Solar radiation is secondary resources like as wind and wave power,
hydroelectricity and biomass account for most of the available flow of renewable

energy on Earth.

Solar energy technologies can provide electrical generation by heat engine or
photovoltaic means, space heating and cooling in active and passive solar buildings;
potable water via distillation and disinfection, day lighting, hot water, thermal
energy for cooking, and high temperature process heat for industrial purposes.


http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Sun
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Climate
http://en.wikipedia.org/wiki/Weather
http://en.wikipedia.org/wiki/Life
http://en.wikipedia.org/wiki/Synonym
http://en.wikipedia.org/wiki/Non-ionizing_radiation
http://en.wikipedia.org/wiki/Wind_power
http://en.wikipedia.org/wiki/Wave_power
http://en.wikipedia.org/wiki/Hydroelectricity
http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Renewable_energy
http://en.wikipedia.org/wiki/Renewable_energy
http://en.wikipedia.org/wiki/Heat_engine
http://en.wikipedia.org/wiki/Photovoltaic
http://en.wikipedia.org/wiki/Active_solar
http://en.wikipedia.org/wiki/Passive_solar
http://en.wikipedia.org/wiki/Potable_water
http://en.wikipedia.org/wiki/Distillation
http://en.wikipedia.org/wiki/Disinfection
http://en.wikipedia.org/wiki/Daylighting
http://en.wikipedia.org/wiki/Solar_hot_water
http://en.wikipedia.org/wiki/Solar_cooking

Solar energy refers primarily to the use of solar radiation for practical ends. All
other renewable energies other than geothermal derive their energy from energy

received from the sun.

Solar technologies are broadly characterized as either passive or active depending
on the way they capture, convert and distribute sunlight. Active solar techniques use
photovoltaic panels, pumps, and fans to convert sunlight into useful outputs. Passive
solar techniques include selecting materials with favorable thermal properties,
designing spaces that naturally circulate air, and referencing the position of a
building to the Sun. Active solar technologies increase the supply of energy and are
considered supply side technologies, while passive solar technologies reduce the

need for alternate resources and are generally considered demand side technologies.

2.2 Street Lamp

Before we have incandescent lamps, gas lighting was in use in cities. The
earliest of such street lamps were built in the Arab Empire, especially in Cordoba,
Spain. The first electric street lighting employed arc lamps, initially the 'Electric
candle', 'Jablochoff candle' or ‘Yablochkov candle’ developed by the Russian Pavel
Yablochkov in 1875. This was a carbon arc lamp employing alternating current,
which ensured that the electrodes burnt down at the same rate. Yablochkov candles
were first used to light the Grands Magasins du Louvre, Paris where 80 were
deployed. Soon after, experimental arrays of arc lamps were used to light Holborn
Viaduct and the Thames Embankment in London - the first electric street lighting in
Britain. More than 4,000 were in use by 1881, though by then an improved
differential arc lamp had been developed by Friederich von Hefner-Alteneck of
Siemens & Halske.


http://en.wikipedia.org/wiki/Solar_radiation
http://en.wikipedia.org/wiki/Supply_side
http://en.wikipedia.org/wiki/Gas_lighting

Arc lights had two major disadvantages. First, they emit an intense and harsh
light which, although useful at industrial sites like dockyards, was discomforting in
ordinary city streets. Second, they are maintenance-intensive, as carbon electrodes
burn away swiftly. With the development of cheap, reliable and bright incandescent
light bulbs at the end of the 19th century, they passed out of use for street lighting,

but remained in industrial use longer.

Incandescent lamps used for street lighting until the advent of high-intensity
discharge lamps, were often operated as high-voltage series circuits. Today, street
lighting commonly uses high-intensity discharge lamps, often HPS high pressure
sodium lamps. Such lamps provide the greatest amount of photo illumination for the
least consumption of electricity. However when photo light calculations are used, it
can be see how wrong HPS lamps are for night lighting. White light sources have
been shown to double driver peripheral vision and increase driver brake reaction
time at least 25%. When S/P light calculations are used, HPS lamp performance
needs to be reduced by a minimum value of 75%. This is now a standard design

criteria for the roads.

Figure 2.0: Old, new style and solar street lamp



2.3 SOLAR ENERGY
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Figure 2.1 Photovoltaic Cell

Photovoltaic energy is the conversion of sunlight into electricity. A photovoltaic
cell, commonly called a solar cell or PV, is the technology used to convert solar

energy directly into electrical power. [1]

Sunlight is composed of photons, or particles of solar energy. These photons
contain various amounts of energy corresponding to the different wavelengths of the
solar spectrum. When photons strike a photovoltaic cell, they may be reflected, pass

right through, or be absorbed. Only the absorbed photons provide energy to
generate electricity.



When enough sunlight energy is absorbed by the material that is a
semiconductor, electrons are come out from the material's atoms. Special treatment
of the material surface during manufacturing makes the front surface of the cell
more receptive to free electrons, so the electrons naturally migrate to the surface.

When the electrons leave their position, holes are formed. When many
electrons, each carrying a negative charge, travel toward the front surface of the cell,
the resulting imbalance of charge between the cell's front and back surfaces creates

a voltage potential like the negative and positive terminals of a battery.

When the two surfaces are connected through an external load, electricity flows.

Photovoltaic cells, like batteries, generate direct current (DC)_which is generally
used for small loads like electronic equipment. When DC from photovoltaic cells is
used for commercial applications or sold to electric utilities using the electric grid, it

must be converted to alternating current (AC) using inverters.

Advantages of photovoltaic systems are:

. Conversion from sunlight to electricity is direct, so that bulky mechanical

generator systems are unnecessary.

o PV arrays can be installed quickly and in any size required or allowed.

o The environmental impact is minimal, requiring no water for system cooling and

generating no by-products.


http://www.eia.doe.gov/kids/glossary/index.html#DC
http://www.eia.doe.gov/kids/glossary/index.html#AC

2.4 BATTERY CHARGER

A battery charger is a device used to put energy into a secondary cell or

rechargeable battery by forcing an electric current through it.[2]

The charge current depends upon the technology and capacity of the battery
being charged. For example, the current that should be applied to recharge a 12 V

car battery will be very different from the current for a mobile phone battery.

A simple charger works by connecting a constant DC power source to the
battery being charged. The simple charger does not modify its output based on time
or the charge on the battery. This simplicity means that a simple charger is
inexpensive, but there is a tradeoff in quality. Typically, a simple charger takes
longer to charge a battery to prevent severe over-charging. Even so, a battery left in
a simple charger for too long will be weakened or destroyed due to over-charging.
These chargers can supply either a constant voltage or a constant current to the

battery.

[1] - Energy Information Administration, Electric Power Annual, Form EIA-860,
Annual Electric Generator Report database, 2006
[2] - http://en.wikipedia.org/wiki/Battery _charger


http://en.wikipedia.org/wiki/Rechargeable_battery
http://en.wikipedia.org/wiki/Battery_%28electricity%29
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Volt
http://en.wikipedia.org/wiki/Car_battery
http://en.wikipedia.org/wiki/Mobile_phone
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Electric_power
http://en.wikipedia.org/w/index.php?title=Constant_voltage&action=edit&redlink=1
http://en.wikipedia.org/wiki/Constant_current

CHAPTER 3

METHODOLOGY

3.0 INTRODUCTION

In this chapter, explanations about all the circuit that were done for this project
will be told. This chapter will be divided to hardware configuration and software
configuration since this project will be used both hardware and software. All the
calculation also will be state into this chapter. The total figure related to this project

will be added in this chapter along with the details.
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3.1 HARDWARE CONFIGURATION

3.11 CIRCUIT DIAGRAM

SOLAR PAMEL
CHARGIMNG
CIRCUIT
Fuse PIC =
controller
iy = LOAD
- — Device
=
- +

Battery

Figure 3.0: Block Diagram of Solar Street Lamp

This block diagram above is about the combination of the charging circuit and
controller circuit to the load and the DC voltage source. At the day, solar panel will
get the energy from the sun and the circuit charging will control the charging rate to
the battery. The charging circuit will control the charging until the battery reaches
the floating condition that is the full condition of the battery. The charging only
occur when in the day because the solar need for the light to transfer the sunray to
the electricity. When in the night condition the circuit charging automatically stop
the charging and diode 20L15T are use to eliminate from current draw from the
battery to the solar panel when in night condition. The features of the diode show

below.

The circuit PIC controller will control the using of the energy of the battery to
the load. This circuit controller is consisting of PIC16F877A, photocell sensor,

wave sensor drivers. To control the switching of the load it’s depend on the sensor
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that will give the input to the PIC, PIC will give the output to the relays the same as
the coding we had make. For this circuit, the photocell sensor will determine
whether the situation is needed to switch on the lamp or not. So we should have the
reference value. Some analysis | have made to choice the suitable value as a

reference. The more detail about the photocell sensor will show below.

The control circuit also controls the intensity of the light beam. If there have
user use the road, the PIC will switch on the high intensity of the light to light the
place. This switching mode will trigger for the period that | had set that is about 10s.
After 10s the PIC will switch on the low intensity of the light. By using this method,
we can save the power of the battery. To detected whether that have or user of the
road or not, | use wave sensor. The wave sensor will give the direction to the PIC to
switch the suitable intensity of the lamp. The detail about the wave sensor will show

below.

3.1.2 CHARGING CIRCUIT

Float F1 “oltage Regulater Salar Activation
\S/gjtiage +3V o o | R12 c
VR 1C3
Equalize j Float Yoltage Comparator + 6
$1[]HF<V2VL cifce | ce c3
L : = = = = zo
[ ] - - - - -
1 RA13

TE!:I'IDE'I'atUITE
Campensation

Charge Current Switch

R14
Battery
Temperature

ensar State Latch

=t
+5Y +5% Py
o Clock Csallater _® =
714 = S+
RAC RN F1 _®BAT

| -2

2 T

RIT )

= Charging State

R 2 LED1
& 1o

Figure 3.1: Charging Circuit
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The above circuit is a solar charge controller; its function is to regulate the
power flowing from a photovoltaic panel into a rechargeable battery. It features easy
setup with one potentiometer for the float voltage adjustment, an equalize function
for periodic overcharging, and automatic temperature compensation for better
battery charging over a wide range of temperatures. This circuit is able to handle

reverse polarity connection of both the battery and photovoltaic panel.

The design goals of this circuit were efficiency, simplicity, reliability and the
use of field replaceable parts. A medium power solar system can be built with this
circuit charging, a 12V solar panel that is rated from 100 milliamps to 20 amps and
a lead acid or other rechargeable battery that is rated from 500 milliamp hours to

400 amp hours of capacity.

It is important to match the solar panel's current rating to the battery's amp-hour
rating. A typical maximum battery charging current is C/20, so a 100 amp hour
battery should have a solar panel rating of no greater than 5 amps. It is advisable to
check the battery manufacturer's data sheets to find the maximum charge current.
On the other hand, if the solar panel output current is too low, the battery may take

too long to charge.

3.1.3 Charging Operation

The power control circuit can operate current from the solar panel input through
Q3 and IC3. When the solar panel voltage exceeds 12V, zener diode ZD1 conducts
and turns on Q3, providing power to IC3. IC3 produces a regulated 5 Volt power
source. The 5V is used to power the circuit's logic and as a reference voltage for

comparing to the battery float voltage.
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The float voltage comparator ICla compares the battery voltage (divided by
R1/VR1 and R3) to a reference voltage (divided by R5 and R6). The comparison
point is offset by the thermistor TM1 for temperature compensation. The
comparison point is also modified by the Equalize switch, S1 and R2. The output of
ICla goes high (+5V) when the battery voltage is below the float voltage setting.
The output goes low when the battery voltage is above the float voltage setting. This

provides the charge/idle signal that controls the rest of the circuit.

The charge/idle signal is sent to 1IC2a and b, a pair of D-type flip-flops. The flip-
flops are clocked by the IC1b phase-shift clock oscillator. The clocking causes the
flip-flop output to produce a square wave charge/idle signal that is synchronized
with the frequency of the clock oscillator. The two halves of IC2 operate in
synchronization, I1C2a is used to drive the current switching circuitry, 1C2b is used

to drive the charging state indicator LED either red (charging) or green (floating).

The clocked charge/idle signal switches bipolar transistor Q1 on and off. The Q1
signal is used to switch power MOSFET Q2, which switches the solar current on
and off through the battery. The solar charging current flows through the heavy lines
on the schematic. Diode D1 prevents the battery from discharging through the solar
panel at night. Fuse F1 prevents excessive battery current from flowing in the event
of a short circuit. Transzorb TZ1 absorbs transient voltage spikes that may be

caused by lightning.
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3.1.3.1 SCHOTTKY RECTIFIER (DIODE 20L15TS)

Figure 3.2: Schottky Diode

The Schottky rectifier module has been optimized for ultra low forward voltage
drop specifically for the OR-ing of parallel power supplies. The proprietary barrier

technology allows for reliable operation up to 125 °C junction temperature.

Typical applications are in parallel switching power supplies, converters, reverse
battery protection, and redundant power subsystems.
o 125°CTJ

o

operation (VR < 5V)

o Single diode configuration

o Optimized for OR-ing applications
o Ultra low forward voltage drop

o Guard ring for enhanced ruggedness and long term reliability
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o High purity, high temperature epoxy encapsulation for enhanced mechanical

strength and moisture resistance

3.1 Shottky Diode Characteristics

Characteristics Values | Units
IF[M} Rectangular 20 A
waveform
VHRM 15 A"
IFSM @tp=5yssine 700 A
VF @19Apk,TJ=125°E 0.25 A
{ Typical)
TJ range -85 to 125 °C
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Figure 3.3: Control Circuit

Figure above is about the control circuit to the load. | use 2 sensors as the
parameter to sense the input condition to the PIC. First sensor is the photocell sensor
that detects the concentration of the light. When sensor detect that have light, ADC
go in to the PIC and the PIC will determine to switch the lamp. For the second
sensor that is to determine the user of the road, | use the wave sensor to detect the
user, when the user come close to the lamp along the road, sensor will detect and
give the input to the PIC and PIC will automatically switch on the high beam lamp
for the 10s.The control circuit will switch off the lamp when the photocell sensor
detect the light from the sun in the early morning and the charging process will

continue until evening or no light (cloudy).
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3.1.31 PIC16F877A

MELRVee —=[1 e 40[]=—= RET/PGD
RANAMND w—=[] 2 30 [] —= RESPEC
RATANT =—e T3 38 [ =—= REE
RAZANZNGE=CVEES - = [T4 370 =—= REB4
RAZANIVEEE* = w [TE 35 [] == REIFEM
RAKNTOCKIICTIOUT =-—s T8 38 [] =+ REZ
RAEANABECIOUT —=[]7 E 34 [] =—= RBE"
REOROVANS == T8 P~ 33[]=—= RBOINT
REVWRANS =—=T 8 8 ] e—von
REZCEANT == 10 = 31[]=ves
(= ——y FT B 30[=-— ROVPSFT
(L p—— — 28 [] =—= RO&FSFS
OSCUCLK| —= 143  w= 28] =—» ROSPSPS
0SC2ICLKO =—[{14 @  27[]=—= RD4/PSP4
RCOTIOSOTICK] e—w [T 45 28 [] == RCTRNDOT
RCUTI0SI/CORE =[] 15 25 [] == ROETHCK
ROZICOPY a—w [T 47 24 [] —e ROEEDO
ROHBCH/BOL =— [958 23 [] w—e RCA/SDIISDA
ROOFESP) = T 92 72 [ =—w ROZFEF
RDA/PSPY — [ 20 21 [] =—» ROZPSP2

Figure 3.4: PIC16F877A

PIC is a family of Harvard architecture microcontrollers made by Microchip
Technology, derived from the PIC1640 originally developed by General Instrument’s
Microelectronics Division. The name PIC initially referred to "Programmable Interface
Controller”, but shortly thereafter was renamed "Programmable Intelligent Computer".
PIC are popular with developers and hobbyists alike due to their low cost, wide
availability, large user base, extensive collection of application notes, availability of low
cost or free development tools, and serial programming (and re-programming with flash
memory) capability .

PIC16F785 is a small piece of semiconductor integrated circuits. The package
type of these integrated circuits is DIP package. DIP stand for Dual Inline Package for
semiconductor IC. This package is very easy to be soldered onto the strip board.
However using a DIP socket is much easier so that this chip can be plugged and
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removed from the development board. PIC16F877A is very cheap. Apart from that it is

also very easy to be assembled.

Additional components that need to make this IC work are just a 5V power
supply adapter, an internal 20MHz crystal oscillator and two analog comparators. This
IC can be reprogrammed and erased up to 10,000 times. Therefore it is very good for

new product development phase.

Feature

The PIC16F877A microcontroller offers all of the advantages of the well
recognized high performance RISC CPU that is only can operate 35 single word
instruction except for the program branches which are had two cycle. For the speed
operating that is 20Mhz clock input and the time of every instruction is about 200ns.
This PIC has up to 8K x 14 words of Flash Program Memory, 368 x 8 bytes of Data
Memory (RAM) and 256 x 8 bytes of EEPROM Data Memory. Its also has 10-bit, up to
8-channel Analog-to-Digital Converter (A/D), Brown-out Reset (BOR), Analog
Comparator module with two analog comparators and Programmable on-chip voltage
reference .Its also can programmable input multiplexing from device inputs and internal

voltage reference and has Comparator outputs that are externally accessible

The special features are 100,000 erase/write cycle Enhanced Flash program
memory typical, 1,000,000 erase/write cycle Data EEPROM memory typical, Data
EEPROM Retention > 40 years, Self-reprogrammable under software control, In-
Circuit Serial Programming™ (ICSP™) via two pins, single-supply 5V In-Circuit Serial
Programming, Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable
operation, programmable code protection, power saving sleep mode and also has
selectable oscillator options.
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3.1.4.2 PHOTOCELL SENSOR

Loy RESISTAMCE HIGH RESISTANCE

Figure 3.5: Photocell sensor

A photocell is a type of resistor. When light strikes the cell, it allows current to
flow more freely. When dark, its resistance increases dramatically. Photocells need
some calibration to be responsive in the exact lighting scenario you have. They can
be used to detect large or small fluctuations in light levels to distinguish between

one light bulb and two, direct sunlight and total darkness, or anything in between.



21

5V
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Gnd

Figure 3.6: Circuit Driver Photocell sensor

The circuit used is a plain voltage divider. It is used since we need to present a
voltage to the Analog In device and the photocell merely changes resistance. You
can see in the circuit below that the as the resistance of the photocell reduces (as a
result of more light reaching it) the voltage will go up towards 5V. If the resistance
of the photocell increases (as a result of less light reaching it) the voltage will fall
towards OV.

3.1.4.3 WAVE SENSOR

Figure 3.7: Wave sensor
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In general, the sensitivity of the sensor is proportional to the amount of energy
in the propagation path being perturbed. Wave sensors typically separate the energy
from the surface through the material to the other surface. This distribution of
energy minimizes the energy density on the surface, which is where the sensing is
done. All wave sensors are sensitive, to varying input from many different physical
parameters. Some commercially available wave sensors are shown in Figure 6. As a
matter of fact, all wave devices manufactured for the telecommunications industry
must be hermetically sealed to prevent any disturbances because they will be sensed

by the device and cause an unwanted change in output.

3.144  RELAYS

+12V
| | *—0 NO
Relay COM
o

Relay Contacts

Protection
Diode

Input Transistor
ov

Figure 3.8: Relays

A relay is an electrically operated switch. Current flowing through the coil of the
relay creates a magnetic field which attracts a lever and changes the switch contacts.
The coil current can be on or off so relays have two switch positions and they are

double throw changeover switches.

Relays allow one circuit to switch a second circuit which can be completely

separate from the first. For example a low voltage battery circuit can use a relay to
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switch a 230V AC mains circuit. There is no electrical connection inside the relay

between the two circuits, which are magnetic and mechanical
Advantages of relays:

o Relays can switch AC and DC, transistors can only switch DC.
e Relays can switch high voltages, transistors cannot.
o Relays are a better choice for switching large currents (> 5A).

o Relays can switch many contacts at once.

3.1.45 12V LEAD ACID BATTERY

Figure 3.9: 12V Lead Acid Battery

A battery is a vital element of any battery-backed system. In many cases the

battery is more expensive than the system it is backing up. Hence we need to adopt
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all practical measures to conserve battery life. As per manufacturer's data sheets, a
12V rechargeable lead-acid battery should be operated within 10.IV and13.8V.
When the battery charges higher than 13.8V it is said to be overcharged, and when it
discharges below 10.1V it can be deeply discharged. A single event of overcharge or
deep discharge can bring down the charge-holding capacity of a battery by 15 to 20
percent. It is therefore necessary for all concerned to monitor the charge level of
their batteries continuously. But, in practice, many of the battery users are unable to
do so because of non-availability of reasonably-priced monitoring equipment.

3.2 SOFTWARE CONFIGURATION

3.2.1 Software Programming

For programming the PIC, MicroCode Studio programmer were using.
There are many programming software that can such as C programmer but as advice
from supervisor and we decide to use MicroCode Studio programming as well as

PICBASICPRO. The reasons why this programmer were chosen because of the

coding is easy to use.

@ MicroCode Studio - PICBASIC PRO (ipinbaru3.pbp)

File Edt View Project Help

D2H EllASIE

®] v [y - [167628 v

N3 0000 ¥ @@

Code Explorer ~ B3 |untitled | ipinbaru3

£ Includes ~
= ) Defines '* Name : ARTFFIN ABDULLAH

8] osc "4 Author : ([select VIEW...EDITOR OPTTONS] *
() ADC_BITS '# Notice : Copyright (c) 2008 [select VIEW...EDITOR OPTIONS] *
() Apc_clock w : a1l Rights Reserved
(5] ADC_SAMPLES '*  Date : 9/21/2008

& Constants "4 Version : 1.0

| = & varisbles '# Notes : SOLAR STREET LAMP

) suisin DEFINE osc 4
(R lamp DEFINE ADC_BITS 8
(B utama DEFINE ADC_CLOCK 3
(2 Symbols DEFINE ADC_SAMPLEUS 50 |

] main adconl=0

(%] siang adeon0=%11001101
(&) malam

(%] lampunyala

wouo o
- ToToe
oo e
TR}
0Ok R

lemp VAR porth.4
utama VAR porth.S

volt VAR BYTE

main:

O) Ready =l Ln14:Col24

Figure 3.10 MicroCode Studio



CHAPTER 4

RESULT AND ANALYSIS

4.0 INTRODUCTION

In this chapter, the method of analyzing will include the result of the
hardware testing and circuit troubleshooting. All the results are shown in the table
below. Thus, the objectives of this assessment can be accomplished.
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4.1 ESTIMATION TIME

Table 4.1: Estimation Time

Battery Model Codel2V NS40ZFT
Charge Acceptance (A) 35
Battery Capacity (mAh) 28000
Minimum Time To Full Charge 11..16 hours
(20% Efficiency Loss)
Maximum Time To Full Charge More than 24 hours (0.1A)
(20% Efficiency Loss)
Discharge Current (mA) 2500 (always in high intensity)
Minimum Time of Discharging 560 Minutes = 11..2 hours

Table 4.1 is about the estimation time that | have calculated by using the battery
charger calculator. The calculation about this estimation will show below. That |
had use is the 12V lead acid battery that has capacity about 28000mAh. The
minimum time to charge this battery to reach the full is about 9.6hours and the
maximum time to charge this 12V battery is more than 24hours because the current
that we get from the solar panel is very low. This is cause of the low intensity of
light that hit the solar panel. For the discharging time it’s depend of the using of the
light. If we always use high intensity of the lamp, the battery will weak for the fast.
So, to the energy from the battery | use the sensor that can sense the user to control

the using of the lamp.
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4.2 CALCULATION

4.2.1 Charging

Minimum time to charge

Acceptance current = up to 3.5A
Average current received = 3.0A

Battery capacity = 28000mAh

Charging time = Battery capacity / current
= 28000 mAh /3
=9.3 hours

Minimum Time To Full Charge = 120% x 9.3hours
(20% Efficiency Loss)
= 11.16hours

So the charging state should starts from 7.00am-7.00pm to reach the
maximum capacity of the battery. If the day is cloudy from the morning till the night
the battery take more time to charge. Let say the minimum current that battery

accepts is about 0.1A.



Minimum time to charge

Acceptance current = up to 3.5A
Average current received =~ 0.1A

Battery capacity = 28000mAh
Charging time = Battery capacity / current

= 28000 mAh /0.1
=280 hours (more than one whole day)

4.2.2 Discharging

Power of the Lamp using = 55W
Current =55W/12V

= 4.58A (maximum intensity of the light)

Average current that use = 2500mA

Battery capacity = 28000mAh

Using current =~ 3000mA

Minimum time =~ 28000 mAh / 2500mA
~ 11.2 hours

~ 672 minutes

28
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4.3 Graph of Charging 12V Lead Acid Battery

voltage vs time
168 ~
14 /
12 /
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N\
|

time(h)

Figure 4.0: Charging Graph

The graph shows the charging graph, voltage (V) versus time (h).To reach the
full charge of the battery it will take about 11hours .At the beginning of the charging
its take too long time to increasing the voltage but after 6hours the battery is more

easier to come up to full charge.
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4.4 Graph of Discharging 12V Lead Acid Battery

voltage vs time

14 -

e

time(h)

Figure 4.1: Discharging Graph

The graph shows the discharging graph, voltage (V) versus time (h).The
discharging time take about 9hours to reach weak condition. At the beginning the
battery maintains their charge and after about 1 hour the battery decreases to the

lower volt.
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4.5 Cost of the Project

Here | finalize all the project cost involved in this project, some of the
component | bought by online and some | bought at the electronic components shop.
There have also component | get from FKEE laboratory that include in the cost list,

| also borrow the tool such as wrapping tool from the laboratory.

Table4.2: Cost of the Project

No Component Quantity Cost
(RM)

1 Resistor 15MQ 4 1.60
2 Operational Amplifier 4 17.49
3 P-MOS 2 26.24
4 Diode 2 12.94
5 LED 2 0.40
6 Transzorb 2 4.10
7 Photocell sensor 1 0.80
8 12V Lamp 1 12.00
9 Resistor 270kQ 1 0.20
10 Resistor 470kQ 1 0.20
11 Resistor 75kQ 1 0.20
12 Resistor 180kQ 1 0.20
13 Resistor 620kQ 1 0.20
14 Resistor 100kQ 6 1.20
15 Resistor 200kQ 1 0.20
16 Resistor 300kQ 3 0.60
17 Resistor2.2kQ 2 0.40
18 Resistor 10kQ 1 0.20
19 Capacitor 470uF 1 0.40
20 Capacitor 100nF 11 4.40




21 Flip Flop 2.60
22 Voltage Regulator 1.80
23 Transistor 0.70
24 Transistor 0.70
25 Zener Diode 0.60
26 Thermistor 1.40
27 Fuse 2.00
28 Variable Resistor 1.80
29 Relays 10.00
30 PIC16F877A 30.00
31 Transistor 1.40
32 Lamp pole 90.00
Total 226.97
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Total costing of the project is about RM226.97.This cost of portable solar street

lamp is lower than the cost to built AC street lamp that we use at the road. So for the

future installation lamp for a new road, | suggest to use solar as the main source to

charge the battery to save the cost of using the electricity energy.

4.6 Commercializes

The portable solar street lamp can be commercialized to the entire world

because its can solve the problem and save the energy and cost of using the electricity.

By adding a few parts, this portable solar street lamp can fulfill the needed of the user

and can operate with more efficiency to reach the vision to safe our world.



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.0 Project Problem and Solution

There are a lot of problems occur when doing this project. Firstly when doing
this project | should read a lot of information to select the suitable method to control
the switching of the circuit. As the solution of the problem | had chose to control
this switching circuit by using PIC that is PIC16F877A.

| also had a problem with the component, to settle the problems that occur from
the component | had used the suitable circuit driver to trigger the relays and the

spider switch.

For the sensor that | use is the light sensor, it also need their own circuit driver. To
find the suitable circuit driver | had ask from the others friend and also check from
the internet and also at the library.

To build the programming of this controller 1 use the software that is
MicroCodeStudio. With this software | can use try and error method to program the
PIC16F877A.

| also had the problem with the voltage regulator that is my voltage regulator
always burn and give the output that more than 5V.To solve this problem, | use
double stage regulator to make sure the voltage that | want is accurate.
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5.1 Future recommendations

There are many ideas and suggestion can be added towards developing this system

in the future especially in the real life. As one of the recommendations is;

a) Add wind generator to ensure excellent complement to a solar power system. A
wind generator is a device that generates electrical power from wind energy. Wind
power is especially helpful here in the winter to capture both the ferocious and

gentle mountain winds during the times of least sunlight and highest power use.

b) Use fast charger circuit to make the system operate better and will reach the full
charge in the short time. From there we can minimize the charging time beside to

ensure the system work efficiently.

c) Use larger capacity of battery to ensure the life time of the battery. It also can

reduce the cost.
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5.2 Conclusion

As for conclusion, the project’s objective is to develop the portable solar street
lamp with the DC voltage as the source and to develop the charging circuit that can
charge 12V lead acid battery by using the solar panel as the DC source was
successfully achieved. The acid battery will supply power to switch the lamp when
there is no light condition. When in the day, the circuit will turn to charging mode
by using solar energy. Integration between sensor and wave sensor was also
concentrated in development of this system. In order to control the circuit for switching
the PIC16F877A was developed.

Finally, the system was combining together to complete the development of the
system. When nobody use the road, this portable solar street lamp just switch on
with the low intensity of the lamp that’s can save the energy and when it detect that
there have the user, this solar street lamp will switch on the high intensity lamp to
beam the place for the users. This project will give idea and suggestions to develop
the more efficient solar street lamp where from there we can save the energy and

use the energy with more efficiency.
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APPENDIX B

define osc 4

Define ADC_BITS 8

Define ADC_CLOCK 3
Define ADC_SAMPLEUS 50

adcon1=0
adcon0=%11001101

trisa.1=1
trisb.3=1
trish.4=0
trisb.5=0

suisin var portb.3
lamp var portb.4
utama var portb.5
volt var byte

main:

low utama

low lamp

adcin 1,volt

pause 100

if volt>77 then siang
if volt<77 then malam
goto main

siang :

low utama

low lamp

adcin 1,volt

if volt<77 then malam

goto siang

malam :

38



pause 100

high utama

low lamp

if suisin=0 then lampunyala
adcin 1,volt

if volt>77 then siang

goto malam

lampunyala:

if suisin=0 then lampunyala
high lamp

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala
pause 1000

if suisin=0 then lampunyala

goto malam

39
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APPENDIX C
No Component Specification Quantity
1 Resistor 15MQ 0.25W 4
2 Operational Amplifi TLC2272CP 4
P-MOS IRF 4905
3 VDSS = -55V )
RDS(on) = 0.02Q
ID =-74A

4 Diode 20L15T 2
5 LED RED/GREEN bicolor 2
6 Transzorb V727/V7270 2
7 Photocell sensor 1
8 12V Lamp 1
9 Resistor 270kQ 1
10 Resistor 470kQ 1
11 Resistor 75kQ 1
12 Resistor 180kQ 1
13 Resistor 620kQ 1
14 Resistor 100kQ 6
15 Resistor 200kQ 1
16 Resistor 300kQ 3
17 Resistor 2.2kQ 2
18 Resistor 10kQ 1
19 Capacitor 470uF 16V 1
20 Capacitor 100nF 16V 11
21 Flip Flop CD40113BE CMOS 11
22 Voltage Regulator LM78L05 2
23 Transistor 2N3904 1
24 Transistor 2N3906 1
25 Zener Diode 1N5242 1
26 Thermistor 1
27 Fuse 20A 1
28 Variable Resistor 100kQ 1
29 Relays 5V 2
30 PIC16F877A 1
31 Transistor 2
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EvY
MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

= PIC16FET3A
= PIC16FaT4A

High-Performance RISC CPLU:

+ Cinly 35 single-word instructions to leam
+ All sing'e-cycle nstructions except for program
branches, which are two-cycle
» Dperating speed: DC - 20 MHz clock input
DC - 200 ns mstruction cycle
» Up to BK ¢ 14 words of Flash Program Memory,
Up t 388 x 8 bytes of Data Memaory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory
+ Pinout compatible to other 2B-pin or 40/44-pin
PIC1G6CXXX and PIC16FXX microcontrollers

Peripheral Features:

= Tirnerl: 3-bit tmer'counter with 8-bit prescaler

+ Timer1: 18-bit tmerfcounter with prescaler,
can be incremented during Sleep via external
crystaliclock

+ Timer2: 3-bit tmercounter with 8-bit period
regisier, prescaler and postscaler

» Two Capture, Compare, PYWM modules
- Capture is 16-bit. max. resciution is 12.5 ns
- Comparz is 168-bit. max. resclution is 200 ns
- PWM max. reselution is 10-bit

+ Synchroncus Serial Port (S5F) with SPI™
[Master mode) and [FC™ (Master/Slave)

+ Universal Synchronous Asynchronous Receiver
Transmitter (USARTISCI) with 9-bit address
detection

« Paralle! Slave Port (PEF) — 2 bits wige with
external RD, WR and C5 controls (40044-pin only)

» Brown-gut detection cincustry for
Browmn-cut Reset (BOR)

Analog Features:
» 10-bit, up to B-channel Analog-to-Digital
Converter [AD)
» Brown-out Resat (BOR)
» Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voliage reference
{Vre=) module
- Programmable ingut mutiplexing from device
inputs and miernal volage reference
- Comparator cutputs are extemally accessible

Special Microcontroller Features:

= 100,000 eraselwrite cycle Enhanced Flash
program memary typocal

= 1,000,000 erasefwrite cycle Data EEPROM
memaory typical

» Data EEPROM Retention = 40 years

» Selfreprogrammable under softwane control

= In-Circuit Serial Programming™ (ICEP™)
via bwo pins

» Single-supply 8% In-Circuit Serial Programming

» Watchdog Timer (WDT) with s own on-chip RC
oscillater for relisbie operation

» Programmable code protection

= Power saving Sleep mode

» Selectable oscillator options

» In-Circuit Debug (IS0 via two pins

CMOS Technology:

= Low-power. high-speed Flash/EEPROM
technology

» Fuly static design

» Wide operating voltage rangs (2.0V to 5.5V

» Commercial and Industrial temperature ranges

= Low-power consumgtion

Frogram Memory | pata " M35
EEFROM 10t | cop Timers
i
Davice # 8ingle word ff;’: {Eytes) | T |amm jem | Py | o | Master | USERT | gy gy | Comparstore
Inatructions | (BYtRE] 1#C
FICIGFaTIA a0%E 3 | 12E | 22| = 7 |ves| ves | ves | o 2
FICIGraTiA a0%E @ | dzE | 32| @ T |ves| ves | ves | 2o ]
PICIEFETEA 182 38 | =€ =2 | = 7 |vez| ves | ves | 20 ]
FICIGraTTA B 3 | € | 53| & T |ves| ves | ves | o E]
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Pin Diagrams (Continued)
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1.0 DEVICE OVERVIEW

This document contains device specific information

about the following devices:

- PIC16FaT3A

» PIC16FaT4A

» PIC16FaTEA

» PIC16FETTA

PIC1EFATIAMETEA devices are available only in 28-pin

packages, while PIC1EFET4AMRTTA devices are ava’-

able in 40-pin and 44-pin packages. All dewvices in the

PIC16FATXA family share common architecture with

the followng differences:

+ The PIC18FETIA and PIC18FET4A have one-half
of the tota’ on-chip memory of the PIC16FETEA
and PIC16F8TTA

+ The 28-pin devices have three !0 ports, while the
40V44-pin devices have five

+ The 28-pin devices have fourtzen interrupts, whis
the 40/44-pin devices have fifteen

+ The 2B-pin devices have five AD input channels,
while the 40/44-pin devices have eight

» The Para’sl Slave Port is implemented cnly on
the 40/44-pin devices

The available features are summarized in Table 1-1
Block diagrams of the PIC16FATIAEBTEA and
PIC1GFETAMETTA devices are provided in Figure 1-1
and Figure 1-2, respectively. The pincuts for these
device families are Fsted in Table 1-2 and Table 1-2.

Additional information may be found in the PICmicro®
Mid-Riange Reference Manual (D532023), which may
be obtaned from your leca Merochip Sales Represen-
tative or downloaded fom the Microchip web site. The
Refersnce Manual should be considered a complemen-
tary document o this data shest and is highly recom-
mended readng for 3 betier undersianding of the device
architecture and cperation of the peripheral modules.

TABLE 1-1: PIC16F8TXA DEVICE FEATURES
Key Features PIC16FaT3A PIC16FET4A PIC16FBTEA PIC1GFBTTA
Ciperating Frequency OC — 20 MHz OC — 20 M-z DC — 20 MHz DC - 20 MHz
Resets (and Delays) POR. BOR POR, BOR POR, BOR POR, BOR
(PWRT. O5T) (PYWHT, O5T) (PWRT, O5T) (PWRT, O5T)
Flash Program Memory 4K 4K EK BK
{14-bit words)
Ciata Memory (bytes) 182 182 368 388
EEPROM Diata Memory (bytes) 128 128 256 254
Imterrupts 14 15 14 15
1#0 Ports Ports &, B, C Poris A, B, C.D.E Ports A,B.C |Pors A B.C.D.E
Timers 3 3 3 3
Capture/Compare W modules 2 2 2 2
Serial Communications MSSP, USART MS5F, USART MSSP, USART MS5P, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digtal Modu'e S input channels | 8 input chamnnels | 5 input channe’s | 2 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packapges 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin 32°C 44-pin PLCC 2-pin 50IC 44-pin PLCC
28-pin 550P 44-pin TQFP 28-pin 3502 44-pin TQFP
28-pin QFM 44-pin QFM 28-pin QFMH 44-pin QFN
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PIC16F87XA

TABLE 1-3: PICA1EFET4AEBTTA PINCOUT DESCRIPTION
POIF | PLCC | TGFF | GFM | WOIF | Bufer
Fin Nama Ping | Pin# | Ping | Fing | Typa | Type Dazcription
OSCANCLE 13 14 30 2 STroMOsH | Cecillabor crystal or extarnal cloci Inpus.

QECT | Qcllakor :""5'..3| |'||:"J|. or exlermal clock source
'||:".|1. ST bufer when l:-':l"lﬂ; urad In RC mode:
atheraise CHMOS.

CLKI | Sylemal clock source Ir|:|.1t ‘\]W!TE associated
With pin function OSC1 (se2 OSC1ICLE,
OSCHOLKD ping).

OSCZCLKD 1 5 | 31 | @ — | Ceciiator crystal or clack aulpat

o5C2 o Osamlatar ryssal cutput.

Conrecls o l:l'!‘&13| oF resanator In Cn‘!d!l
Cecllator mode

CLKD o n RC mads, DSC2 pin cutputs CLKO, which
nas 14 the I'r!qJE'Icy of 3307 and gendtes the
reiruction cyck rata.

WCLREP 1 z | 18 | 13 ST |Master Claar (input) o programming voilsge (output).

MCLR | Master Clear IRES-E': npus. This P I5 an asive
oW Resel o e device

Vep ] Pragramming vatlage Input

FORTA I5 a bidirectonal V0 par.

RADVANT 2 3 | 1e | 13 il

RAD 1o Digital 110

ARD | Anad ag Input b
RATIAN 3 4 | = | = L

RA1 1o Digital 110

ARl | Anad g Input 1
RAZIANZNREF-CVREF | 4 5 | 2 21 il

RAZ 1o Digital 110

A2 | Anad g Inpus 2

WREF- | AID referance \':"EJ;E :UJ\’.':- 1

CREF o CDTFGT:“J:I" REF l:ll.q:ll.t

RASANIARER+ 5 8 | 2 | = L

RA3 1o Digital 110

ANI | Anad ag Input 3

VREF+ 1 AJD referznce vollage (High) Input

RALTICKIIC1OUT g I I 8T

R s Digital 1T — Cpan-drain when configurad 35
aguipus.

TOCH| | Timand exermal ciock |"||:"J|.

c1ouT o Comparator 1 aulput

RAseMaEECIOUT | 7 g | 24 | = il

RA3 1o Digital 110

ﬂl’— | Angl g Input 4

55 | SP slave EE‘E{:“FFIL':

C20UT o Comparator 2 auput

Legend- | =Input © = gulput VO = Inpubioutput P = pawer

—=MNotused  TTL =TTL input
Note 1:

ST = Schmit Trigger Input

This butler = 3 Schmilz Trigger Input when configured as Te extemnal Int2mupt

Z:  This bufler = 3 Schmilz Trigger Input whean used In Serlal Programming mode.

3: This buffer ks 3 Schmilz Trigger Input whean condgured In RC Oscliator mode and

3 CMOS Input ctherwize.
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PIC16F87XA

TABLE 1-3: PIC1EFTAABTTA PINOUT DESCRIPTION (CONTINUED)

PDIP |PLCC |TGFF | @FH | WP | Suffer
Pin Hama eing | ping | ping | Pine Type Type Dascription
FORTE 5 a bidvectianal 10 porl. PORTS can be
ECftware programmed for Intemal weak pul-up on &
Inputs
REOINT | @ | o8 g TTLETH
REO 1o Digital 10
NT I Exlemal mnteTupt.
LN - m | o Lt Digital 0
RB2 G I I G I Iz Lt Digital 0
REZPGM # [ [ n 12 Lt
RE3 e Digital 10
BGM l Low-voltage ICSP programming enabie pin.
R84 - I AT I = I I U+ Lt Digital 0
RBS 3@ | 4z | 15 5| o Lt Digital 0
REEPGE 3@ | 43 | 18 16 TTLISTH
REG Iz Digital 0
PGEE I n-circuit debugger and ICSP programming ciock
RET/PGO 4 | 42 |17 7 TTLETH
RET Iz Digital 0
BGED 1 n-aircul debugger and ICSP programming dats
Legend: | =Irput = oufput 10 = Inputioutput 2 = power
—=MNotused TTL=TTLInput ST =Schmit Tigger Input

Mote 1:  This buffer is 3 Schmiit Trigger input when configurd 38 the extemal Intemupt.

Z:  This buller Iz 3 Schmilt Trigger iInput when used In S2ial Programming mode
3:  This buller Iz 3 Schmitt Trigger iInput when configured in RC Oscliator mode and 3 CMCS Input otheraise.
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PIC16F87XA

TABLE 1-3: PICAGFETAABTTA PINOUT DESCRIPTION (CONTINUED)

POIF | FLCC | TGFF | GFN | VOVF | Bufer
Fin Nama PIng | Pin# | PIng | Ping | Typs | Type Dagcription
FORTC 15 & Didirectionl W0 pan.

RCOTIOSOTICK] 15 | 15 | 3z | m 8T

R0 1o Digital 10,

Ti080 o Timerl osciiatar ouiput.

TICE] | Timar exarral cock |"|P'J|.
RC1TIOSICCRE 1w | 13 | 3= | 8T

RO 1o Digikal 11

Ti08! I Timert ascilatar npat.

CCFZ 1o Caplure2 Input, Comparsz output, PWKE ougput
REZICCRT 7| e | s | = &T

Az 1o Digital 10,

CCF1 1o Caplure Input, Campars? output, PYWK1 ougput
RCSCHISCL 1w | m | a7 | @ 8T

A3 1o Digital 10,

50 1o Synchronous senal clock Nputioutput far SR

mode
SCL ] Synchronous serlal clock Inputicutpat far 120
miade

REC4SONSDA 23 | 25 | ez | a2 8T

A4 1o Digital 110,

SO I SFidatin

SDA 1 T data 10
RCSE00 22 | = | 23| @ 8T

RS 1o Digital 110,

SD0 o 5P data out
RCETHICK 2 | 27 | e | as 8T

ACE 1o Digital 10,

T o USART GE:{FC"I'D"IDJE fransmit

oK 1o USART1 BYNennanous clock
RCTRXDT 2 | = | 1 8T

ACT Vo Digikal 1

X | USART GE!frCh"Cl"ll:lJE recedve.

oT 1A JZART E¥TICArCNoUE data.
Legend: | =Input © = output 1D = Inputioutput P = power

—=Motuged  TTL=TTL Input
Mobts 1 This buller s a Schmilz Trigger Input when configured as he extemal Intamupt
2. This bufler = a Schmil Trigger Input when used In Serlal Programming mode.

3: This buffer ks 3 Schmilz Trigger Input when contgured In RC Oscliator mode and 3 CMOS Input othenwize.

ST = Schmit Trigger Inpus
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TABLE 1-3: PIC1GFABTAABTTA PINOUT DESCRIPTION (CONTINUED)

PDIP |PLCC [TQFP | QFM | BOMP | Suffer
Pln Hama Fing ping | Bing Ping T}'Fﬂ T‘_.'p-a DBS‘:HF[IDH
FORTD 15 3 bldlraclional 1°0 par or Faralil Slave
Far when I'Ite"'ld'lg 2 3 milcrogracessar Dus.
ROQPSAD 19 H 38 £ STATL
RO 1z Dlgital 110
=21 1z Parallzl Slave For cala
ROA/PEP 20 22 | 3 2 STTTL
RO 1z Dlgital 110
=] 1z Parallzl Slave For cala
RLC2/PSR2 21 23 | 40 40 STTTL
RO2 1z Dlgital 110
= 1z Parallzl Slave For cala
ROIFSP3 22 24 41 4 sTTTL™
RD32 1z Dlgital 110
=2k 1z Parallzl Slave For cala
RL4FSRY 7 ) 2 2 STTTLA
RO 1z Dlgital 110
==K 1z Parallzl Slave For cala
RLCSFSRS 28 =1 3 3 STTTLA
RDS 1z Dlgital 110
=h 1z Parallzl Slave For cala
ROSFSPE 23 32 4 4 STTLA
RDE 1z Dlgital 110
= 1z Parallzl Slave For cala
RLCTFSRT 30 33 5 5 STATL
RO7 1z Dlgital 110
ESRT 1z Parallel Slave For cala
FORTE Is 3 bidirecsional 10 port
REDADIANS 3 ] 25 5 STITTL
RED 1z Dlgital 110
RD I Read cantral for Paralisl Slave Fort
AN I Analiog Input 5
RE1ANFIAMNE 3 10 26 % STITTL
RE1 1z Dlgital 110
WR I write confral for Parallel Stave Port.
AME I Analiog Input &
REZTEANT 10 11 27 7 STITTL
REZ 1z Dlgital 110
[ I Chip selest contral for Paraliel Stave Porl.
ANT I Analog Input 7
VEs 122|135 | P — Ground reference for loghs and 11D pins.
Bl
) A R B — Foskive sUppy for lglc and IS pins.
28, 28
ke _ 1,17, | 1213, 13 —_ —_ Thasa pinE are niot |"ItEI'|El|5' connected. Thase [1tald
26, 20 | 33, 24 shauld be left unconnected.
Legend: | =Irput = oufput 10 = Inputioutput 2 = power
—=Notused TTL=TTLImput ST = Schmit Trigger Input

Mote 1:  This buffer is 3 Schmiit Trigger input when configurd 38 the extemal Intemupt.
2 This bulfer s 3 Schmitt Trigger npat whan used i S2nal Programming mode
3: This buffer s a Schmitt Trigger nput whan configured in RS Oscliaior mooe and 3 CMOS Input olhersise.
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2222 OPTIOM_REG Register

The ORTIOM_REG Register is 3 readable and writable
register, which contains various control bits to configurs
the TMRO prescaenWDT postscaler (single assgn-
able register known also as the prescaler), the extema
INT interrupt. TMRD and the weak pul-ups on PORTE.

Maote:

To achieve a 1:1 prescaler assignment for
the TMRD register. assign the prescaler to
the Watchdog Timer.

REGISTER 2-2:  OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1 R AW RUWAL RWET RN R R
merU | mTEDG | Tocs | tosE | psa [ sz | est PSD
BT bit D
bt 7 RBPU: PORTE Pull-up Enable bit

1 =PORTE pull-ups are disabled
0= PORTE pull-ups are enabled by individua’ port latch values

bit 8 INTEDG: Interrupt Edge Select b
1 = Interrupt on risng edge of RBINT pin
0 = Interrupt on f35ng edge of RBOAMNT pin
bit 5 TOCS: TMRD Clock Source Select bit
1 = Transition on RASTOCK pin
0 = Internal instruction cycle clock (CLED)
bt 4 TOSE: TMRO Scwrce Edge Select bit
1 = Increment on high-to-low transtion on RASTOCK! pin
0 = Increment on low-to-high fransition on RASTOCK! pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned o the Timerd module
bit 2-0 P52:P50: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

ang

1:2 1:1

a0l 1-4 1:2

210 1:3 1:4

011 1-18 1:8

100 1:32 1:18

101 1-84 1:32

110 1:128 1:84

111 1- 9256 1:128
Legend:
R = Rizadable bit W = Writab'e bit \J = Un'mplementsd bit, read as 0
-n=Value at POR 1"=Bitis set ‘I'=Bidiscleared  x = Bit is unknown

Mote:  When using Low-Voltage |C5P Programming (LVF) and the pul-ups on PORTE are
enabled, bit 3 in the TRISE register must be cleared to disable the pull-up on RB3

and ensure the proper operation of the device
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2223 INTCOM Register Mote-
The INTZON register is 3 readable and writable regis-
ter, which contans various enable and flag bits for the
TMRD register overfliow, RE port change and externa
RBIVINT pin intermupis

Interrupt flag bits are set when an infemupt
condition oocurs regardless of the state of its
comesponding enable bit or the global
enable bif, GIE (INTCON=T=). User software
should ensure the appropriate intermupt fag
bits are clear prior to enabling an intemupt.

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Eh, EEh, 10Eh, 18Bh)

RW-D  RWD RWD R RWO  RWO RWD RWe
GIE PEIE | TMROIE | INTE REIE | TMRODIF | INTF REIF
Bt 7 it 0
bit 7 GIE: Global Interrupt Enable bit

1= Enables all unmasked intermups
0 = Disables all interrupts
bat & PEIE: Periphera Interrupt Enabde bit
1= Enables all unmasked peripheral intemupts
0 = Disables all peripheral interrupts
bit 5 TMROIE: TMRD Cherflow Interrupt Enable bit
1= Enables the TMRO mterrupt
0 = Cisables the TMRD mtzrrupt
b4 INTE: RBOVINT Externa’ Interrupt Enable bit
1= Enables the RBOVINT extemnal interrupt
0 = Disables the RBOVINT extemal interrupt
bt 3 RBIE: RE Port Change Interrupt Enable bit
1= Enables the RB port change intermupt
0 = Disables the RB port change intermupt
bit 2 TMROIF: TMRO Cwerflow Interrupt Flag bit

1= TMRD register has overflowed (must be deared in software)

0 = TMRD register did not overflow
bat 1 INTF: REDTMT External Interrupt Flag bit

1= The RBNINT externa interrupt occurred (must be cleared in software)

0 = The RBIVINT external intemupt did not ccour
bat O RBIF: RE Port Changs Interrupt Flag b

1= Atleast one of the RET:RE4 pins changed stats; 3 mismatch condition will confinue o s=t
the bit. Readng PORTE w end the mismatch condition and allow the bit 1o be cleared

(must be cleared in software).

o= None of the RET:RE4 pins have changed state

Legend:
R = Readable bit W = Writable bit
-n = Value at POR 1" = Bit is set

U = Unimplemented bit, read as "0’
' = Bit is cleared % = Bit is unknown
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2224 FIE1 Register Mote: Bt PEIE (INTCOM=6>) must be set o
The PIE1 register contains the individual enable bits for enable any perpheral intermupt.
the peripheral intermupts.
REGISTER 2-4: PIE1 REGISTER (ADDRESS 8Ch)
RAN-D RAW-0 RAN-0 RAW-0 RAWLD RAN-0 RAW-D RAW-0
[FseE™]| apE | roE | twe | sspiE | coPue| TMRZE [ TMRIE
bit 7 bit O
bit 7 PSPIE: Parallel Slave Port Read/Writs Intermupt Enable bit!"!
1 = Enables the PSP readiwrite mterrupt
0 = Disables the PSP readiwrite mierrupt
Note 1: PSPIE is reserved on PIC1EFETIAMATEA devices; slways maintain this bit clear.
bit & ADIE: AD Converter Interrupt Enable bit

1 = Enables the A0 converter interrupt

0 = Disables the A0 converter mtermupt
bit 5 RCIE: USART Receive Interrupt Enabde bit

1 = Enables the USART recaive interrupt

0 = Disables the USART recsive interrupt

bit 4 TXIE: USART Transmit Interrupt Ensble bit
1 = Enables the USART transmi interrupt
0 = Disables the USART transmit imterrupt
bit 3 S5PIE: Synchronous Serial Port Infermupt Enable kit
1 = Enables the 557 intemup?
0 = Disables the 557 intermup?
bit 2 CCPMIE: CCR1 Imterrupt Enalb’e bit

1 = Enables the CCP1 intermupt
0 = Disables the CCP1 interrupt
bit 1 TMRZIE: TMR2 to PR2 Match Intermupt Enable b
1 = Enables the TMRZ 1o PR2 match intermup?
0 = Disables the TMR2 to PR2 maich intermupt
bit O TMRAIE: TMRT Cwerflow Interrupt Enable b
1 = Enables the TMR1 overflow intermupt
0 = Disables the TMR1 overflow intemmup?

Legend:
R = Readable bit W = Wriable bit u
- n = Value at POR 1" = Bit is set 0

= Un'mplemented bit, r=ad as 0
= Bitis cleared x = Bit is unknown
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8.0 CAPTURE/COMPAREPWM
MODULES

Each Capture/Zompare/PWK (CCP) modu’s contains
a 18-bit register which can operate as a

+ 16-bit Caphure register

» 18-bit Compare regster

« PV MasterSlave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the excepton beng the operation of the
special event trigger. Table 8-1 and Table -2 show the
rescurces and mieractions of the CCP moduls(s). In
the fofiowing sections. the operation of a CCF moduls
is described with respect to CCP1. CCP2 operates the
same as CCP1 except where noted

CCP1 Module:

Capture/Compare/™Wh Register 1 (CCPR1) is com-
prised of two 2-bit registerss CCPRIL (low byte] and
CCPR1H (high byte). The CCP1COM register controls
the operation of CCP1. The special event trigger is
generated by 3 compare match and wil reset Timer 1.

CoPI M .
Capture/Compare/PWN Regster 2 (CCPR2) is com-
prised of two B-bit registers: CCPRIL (low byte) and
CCPRZH (high byte). The CCP2ZCON regisier controls
the operation of CCP2. The special event frigger is
generated by 3 compare match and will reset Tmer]
and start an AD conwersion (i the AD module is
enabled).

Additonal information on CCP modules is available in
the PICmicro® Mid-Range MCU Family Refersnce
Manua! (D533023) and in apofcation note AN,
“Lising the CCP Module(s)” (D500594).

TABLE 8-1: CCP MODE - TIMER
RESCQURCES REQUIRED
CCFP Mode Timer Resource
Capture Timer1
Comgpare Timer1
PV Timer2

TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture | Same TMR1 time basze
Capture Compare | The compare shou'd be configured for the special event trigger which clears TMR1
Compare Compare | The compare|s) should be configured for the special event wgger which chears TMR1
PN PWM The PWMs will hawve the same frequency and update rate (TMRZ interrupt)
FWM Capture | Mone
PN Compare  |Mons

o1
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REGISTER B-1: CCPA1CON REGISTER/CCP2CON REGISTER (ADDRESS 17h/1Dh)

U-0 U-p RW-D  RW-D RWWD RWD RMWAD RWD
— — CCPxX | CCPay | CCPxM3 | COPaMZ | CCPxMIT | COFaMD
bit 7 bit O

bt 78 Unimplemented: Read as "0’
bt 54 CCPxd:CCPxY: PWN Least Significant bits

LCaptyre mode:

Unused.

LComgare made:

Unused.

f .

Thesz bits are the wo LSbs of the PWM duty cyc'e. The eight MSbs are found in CCPRxL.

kit 3-0 CCPxM3:CCPxMO: CTPx Mode Select bits

0000 = Caphure/Compans/PWM disabled [resets CCPx module)

0100 = Caphure mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Caphure mode, every 4th rising edge

0111 = Caphure mode. every 18th rising edge

1000 = Compare mode, sei cutput on maich (CCPxF b is set)

1001 = Compare mode, dear output on mateh (CCPxIF bit is set)

1010 = Compare mede, generate sofbware imterrupt on mateh (CCP2IF bt is set, CCPxpin s
unaffected)

1011 = Compare mode, trigger special event (CCP=IF bt is set. COP pin is unaffected); CCP1
resets TMR1; CCP2 resets TMR1 and starts an AD conversion (if A0 modu's is
enabled]

11z = PWN mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as "0
-n = Value at POR 1" = Bit is 5et I’ = Bit is cleared % = Bit is unknown
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digial (&0 Converter module has five
inputs for the 2B-pin devices and eight for the 40044-pin
devices

The conversion of an analog imput signal results in 3
comespondng 10-bit digtal number. The AT moduls
has high and low-voltage reference input that is soft-
ware selectable to some comibination of Voo, Wez, RAZ
or RAZ.

The &0 converter has a unigue feature of being able
to operaie whilke the device is i Skesp mode. To
operate in Sleep. the AD clock must be derived from
the AD's internal RC oscilator

REGISTER 11-1:

The A0 modu'e has four registers. These registers ans:
= A/D Result High Register (ADRESH)

= AID Result Low Register (ADRESL)

» A0 Control Register O (ADCOND)

= AD Control Register 1 (ADCOM1)

The ADCOMO register. shown in Register 11-1, con-
trovs the operation of the A/D modu's. The ADCONT
register, shown in Regster 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog mputs (RA3 can also be the wollage
reference) or as digtal U0

Additena! information on using the &0 modulz can be
found in the PICmicro® Mid-Rangs MCU Family
Reference Manual (DE33023).

ADCOND REGISTER [ADDRESS 1Fh)

RW-D RWD RWND RMED RMWAD RMWHD U RAW-D
ADCS1 | ADCSD | cHSZ | cHS1 | CHSD |GOIDONE| — ADON
bit 7 bit O

o174 ADCS1:ADCS0: AD Conversion Clock Select bits (ADCOMND bits in bold)

ADCONT [ ADCONO - Clock Convarsion
[ [T Fosc/Z
o [E! FosclB
o 10 Fosci32
o 11 Frc (clock derfeed Trom the Intemal A0 RC oscllakor)
1 [ Foscid
1 [E! Foscie
1 1o Foscitd
1 11 FRc [T
152 CHS2:CHS0: Analeg Channel Select bis
00 = Channel O (AND)
201 =Channel 1 (AN1)
010 = Channel 2 (AN2)
211 = Channel 3 (AN3)
100 = Channel £ [AN4£)
101 = Channel 3 (ANE)
110 = Channel @ [ANE)
111 = Channel 7 [ANT)

Mote:  The PIC16FATIAMETEA devices only implemeant AT channe's O through 4; the
unimplernented selections are reserved. Do not select any unimplemented
channels with these devices.

bit 2 GO/DONE: AD Conversion Status bit
When ADON = 1;
1= &D conversion in progress (setting this bit starts the AT conversion which is auomatcaty
chzared by hardwarz when the A'D conversion is complsiz)
0 = AD conversion not in progress
bit Unimplemented: Read as "0
bit O ADON: AD On bit

1= AD converter module is powered up
0 = AD converter module is shut-off and consumes no operating current

Legend:
R = Readable bit W = Writable b1 U = Unirplermented bit, read as ‘0"
-n =Value at POR 1" = Bit is 5=t ‘0’ = Bit is cleared ¥ = Bit is unknown
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 3Fh)

RW-D RW-D U0 U- RAW-D RWD RWD R
aDFM [ apcsz | — | — | PoFe3 | POFGZ [ PCFGI | PCFGD
bit 7 bit D

bit 7 ADFM: A'D Reswt Format Select bit
1 = Right justified. Six (6) Most Significant bits of ADRESH are read as "0,
0 = Left justified. Six (G) Least Significant bits of ADRESL are read as 0"
bit A ADCS2: AD Conversion Clock Salect bit (ADCOM1 bis in shaded area and in bold)

ADCOMN1 ADCOND .
<ADCSZ> | <ADCS1:ADCSI> Clock Conversion
0 [ Foscld
5] 51 Foscid
[3] 10 Foscia2
] 11 Frz (clock derived from the intemal AD RT oscillator)
1 oo Fozoi4
1 0l Fosci18
1 10 Fozcidd
1 11 FrRz (clock derived from the intemal AD RE oscillator)

bit5-4  Unimplemented: Read as 0
kit 3-0 PCFG3:PCFG0: &/D Port Configuration Control bits

EEEE ANT | ANG | AN3 | AN4 | AN3 ANZ | AN1 | ANO | Vmer+ | VRer- | CIR
ooan A A A A A A A A Voo Voo B
0001 A A A A | Vesr+ A A A AN3 Voo T
0010 5] D 5] A A A A A Voo Voo 51
0011 5] D 5] A | Vesr+ A A A AN3 Vez | 41
0100 5] D 5] D A D A A Voo Voo an
0101 5] D 5] O | Vesr+ D A A AN3 Voo 21
01lx D D D D D D D o — — ]
1000 A A A A | Vesr+ | VRes- | A A ANI | ANZ | &2
1001 ] D A A A A A A Voo Voo 61
1010 ] D A A | Vesr+ A A A AN3 Voo 81
1011 ] D A A | Vesr+ | VRes- | A A ANI | ANZ | 472
1100 ] D ] A | Vesr+ | VRes- | A A ANI | ANZ | 372
1101 5] D 5] O | Vesr+ | Vres- | A A AN3 | ANZ | 212
1110 5] D 5] D D D D A Voo Voo 10
1111 5] D 5] O | Vesr+ | Vres- | D A ANI | ANZ 172

A= Analog input O = Digita’ 110

CiR = # of ana'og input channels# of AT voltage references

Legend:

R = Readable bit W = Writabie bit U = Unimg'emented bit, read as 0’

- n =Value at POR 1" =B1tis set ‘0" = Bit is chearsd % = Bit is unknown
Mote:  On any device Reset, the port pins that are mutiplexed with analog functions (AN=)

are forced o be an analog input.




