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ABSTRAK

Tujuan sistem pemantauan bateri adalah untuk mengukur dan memantau
bateri yang boleh dicas semula. Nilai yang akan dipantau adalah voltan bateri.Nilai
voltan yang dipaparkan dapat memberitahu masa yang tinggal sebelum bateri
kehabisan cas atau dalam keadaan yang tidak baik. LCD akan digunakan untuk
memapaparkan nilai voltan. Untuk projek ini litar pengecas bateri 12 V bateri asid
plumbum dibina. Pemantauan mengecas dan menyahcas bateri dan juga nilai voltan
bateri akan dipaparkan pada paparan LCD. la terdiri daripada tiga bahagian iaitu litar
pengecasan, litar kawalan dan litar pemantauan untuk paparan LCD. Pengecas bateri
dapat mengecas bateri asid plumbum dan mampu untuk melindungi bateri dari
terlebih cas. Selain itu, ia juga akan menunjukkan nilai voltan bateri. Otak sistem
adalah PIC16F876A. Segala proses dalam system ini diuruskan oleh PIC16F876A,
ianya adalah termasuk data yang perlu dipaparkan pada skrin LCD. Arahan diberikan
dengan menggunakan butang dari pilihan menu pada paparan LCD. Selain daripada
itu system ini juga mempunyai masa kaunter untuk menghentikan pengecasan dari

terlebih cas bateri untuk mengelakan bateri rosak dengan cepat.
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ABSTRACT

The purpose of battery level monitoring system is to measure and monitors
the fundamentals parameter of a rechargeable battery. The parameters that will be
measured and monitored are the output voltage of the battery. The output voltage is
used in the real-time calculation of the remaining time before the rechargeable
battery is exhausted and in case of malfunction. The LCD will be used as the voltage
output display. For this project a battery charger circuit for 12 V sealed lead acid
battery is develop. The monitoring of charging and discharging state of the battery
and also the battery voltage value is displayed by using LCD. It is consist of three
basic part that is the charging circuit, controller circuit and the monitoring circuit.
The battery charger is able to charge a sealed lead acid battery and able to protect the
battery from overcharge. Besides that, it also will show the battery voltage value.
The brain of the system is a PIC16F876A, the microcontroller. The processes are
managed by this microcontroller, that is including the data need to be displayed on
the LCD screen. The instructions are given by using push buttons from a menu
option. There is also a timing counter to stop the charging from been overcharge the

battery to prevent damage to the battery.



CHAPTER

TABLE OF CONTENTS

TITLE
DECLARATION OF THE THESIS
DEDICATION
ACKNOWLEDGEMENT
ABSTRAK
ABSTRACT
TABLE OF CONTENT
LIST OF TABLES
LSIT OF FIGURES
LIST OF SYMBOLS
LIST OF APPENDICES

INTRODUCTION
1.1 Background

1.2 Objectives

1.3 Project Scope

1.4 Problem Statement
1.5 Thesis Outline

THEORY AND LITERATURE REVIEW

2.1 Introduction
2.2 Battery

2.3 Microcontroller
2.3.1 Origins
2.3.2 PIC Memory organization

vii

PAGE

Vi

vii

Xi
Xiii

Xiv

w NN NN DN

~N oo o b~ b



2.4 Battery Charging Control Methods
2.4.1 Constant Voltage Charging
2.4.2 Constant Current Charging
2.4.3 Two-step Charging
2.5 State Of Charge (SOC) Monitoring
2.6 PIC Simulator IDE
2.6.1 PIC Simulator IDE main features

METHODOLOGY
3.1 Introduction
3.2 Hardware Implementations
3.2.1 Sealed Lead Acid Battery
3.2.2 DC Power Supply
3.2.3 Voltage Regulator LM317 and LM7805
3.2.4 Microcontroller PIC16F876A
3.2.4.1 Analogue to Digital Converter (ADC)
3.2.5 Mosfet
3.2.6 16 x 2 Alphanumeric LCD Module
3.2.6.1 16 x 2 Alphanumeric LCD Module Features
3.2.7 Charging the Lead Acid Battery
3.2.8 Charging Circuit
3.3 Software Implementation
3.3.1 Flow chart of the programming
3.3.2 Burning Hex file Into PIC by using PIC USB

programmer

RESULT AND DISCUSSION
4.1 Introduction

4.2 Power Circuit

4.3 Circuit Testing

4.4 LCD Testing

4.5 Charging Circuit testing

4.6 Charging Circuit Result

viii

© 0 00 o

10
11

13
14
14
15
16
17
18
18
19
20
22
24
26
27
27

31
31
32
34
36



CONCLUSION AND RECOMMENDATION
5.1 Conclusion
5.2 Problem

5.3 Recommendation

REFFERENCES

APPENDICES

40

41

41

42

44



TABLE
2.1
2.2
3.1

3.2

3.3

3.4

4.1

LIST OF TABLES

TITLE
Characteristics of Lead Acid battery
Advantages and limitations of lead acid batteries
The Sealed Lead Acid Battery specifications
Pin connection of PIC16F876A for the battery level
monitoring system.
Alphanumeric LCD Module Pin and functions
Recommended voltage limit on the recharge and float charge
of the SLA

Charging circuit testing

PAGE

15

18

21

23

36



FIGURE

2.1
2.2
2.3
2.4
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11

3.12
3.13

3.14
3.15
3.16
3.17
4.1
4.2

4.3
4.4

4.5
4.6
4.7

LIST OF FIGURES

TITLE

Constant voltage charging curves for batteries
Constant current charging curves for batteries
Two-step charging curves for batteries

PIC Simulator IDE

Battery Level Monitoring System Block Diagram
12 Volt 12 Ah Sealed Lead Acid Battery

DC Power Supply

Voltage Regulator LM7805

Voltage Regulator LM317.

PIC16F876A Pin Diagram

Mosfet

Alphanumeric LCD Module

16 x 2 Alphanumeric LCD Module Specifications
Alphanumeric LCD Module Block Diagram
Lead Acid Battery Charging-Profile
Schematic diagram for charging circuit
Charging

Discharging

PIC USB Programmer

Programmer Overview

The PICKit 2 programmer

Power Circuit

The simulation in PROTEUS.

The hardware testing

The tested LCD on hardware

The simulation tested in PROTEUS

Graph Voltage Input vs. Voltage Output
Charging Circuit

Xi

PAGE

11
13
14
15
16
17
17
19
20
21
22
23
24

25
26

28
28
30
32
33
33
35
35
36
37



Xii

4.8 Selecting Program on LCD display. 38

4.9 The voltage charge is up to 10.76 V. 38
4.10 The voltage value is 10.77 V after 22 minutes. 39



DC
AC
MOSFET
PIC
LCD
Pb
PbO,
H,SO,
PbSO,
H,O
o
UPS
SOC
Hz

Ah
ADC
SLA
LED

LIST OF SYMBOLS

Direct Current

Alternating Current

Metal Oxide semiconductor field effect transistor
Peripheral interface controller
Liquid Crystal Display

Lead

Lead Oxide

Sulphuric Acid

Lead sulphate

Water

Hydrogen

Uninterruptable Power Supply
State of Charge

Hertz

Ampere Hour

Analogue to Digital Converter
Sealed Lead Acid

Light Emitting Diode

xiii



APPENDIX

I oG T m o O W >»

LIST OF APPENDICES

TITLE

The schematic circuit of battery charger.

Project Coding

Datasheet PIC 16F876A

Datasheet Mosfet IRF540

Datasheet 16 x 2 Alphanumeric LCD
Datasheet LM317

Cost of project

Project Circuit

Xiv

PAGE
44
46
54
57
60
63
66
68



CHAPTER 1

INTRODUCTION

1.1  Background

The secondary battery or rechargeable batteries are like the primary battery,
the powers are produced from chemical energy to electrical energy. The difference is
that the rechargeable battery can forced to the other way by externally supplied
electrical energy to chemical energy [1]. The battery is one of the most important
sources and stored energy for electrical equipment. In electrical applications,
including uses in automobiles, boats and electric vehicles the rechargeable batteries
are increasingly becoming an important source of clean portable power in a wide
variety. Rather than disposal batteries the rechargeable batteries have lower total cost
of use and environmental impact. They may have a higher initial cost, but can be
recharged very cheaply and used many times. There are many methods for charging
the batteries depending on their chemical composition, capacity, and methods of the
construction and the type of the exploitation [2].

There are many batteries charging techniques that include state-of-charge
(SOC) estimations, optimization of charging control reduction of charging time, and
series-connected method. Battery life time is reduced by charging and discharging
cycles; this process degrades the chemical composition of the battery. The sulphation
and stratification in an undercharged battery will affect the battery by shortening the
lifetime of the battery. Gassing and water loss are caused by overcharging. The
differences in cell chemistry, and normal differences during repeated cycles of cell

charge discharge, will lead to a large non-uniformity in cell charge levels and



correspondingly different cell terminal voltages. Battery life is one of major factors
presently limiting the realization of economical applications [3]. Temperature is one
of the variables that have a great influence over battery electrical characteristics. A
battery is a very complex non-linear system that needs to be effectively monitored
along its whole lifetime. The battery parameters that can be monitored can be based

on current, voltage and temperature measurement [4].

1.2 Objective

The main objectives of this project are to design the charging circuit for the
12V sealed lead acid battery. The charging and discharging state of the battery and

the battery voltage value are monitored.

1.3 Project Scope

To achieve the objectives of the project, several scopes had to be outlined.
The scope of this project includes developing the charging circuit for the 12V Sealed
Lead Acid battery. Then used an LCD screen to monitor the state of charge of the

battery and the voltage value during the charging and discharging of the battery.

1.4 Problem Statement

The charging and discharging state of the battery is important to know how
long the remaining time to operate the machine or load. The battery charging state
does not show the voltage value during charging and discharging in the industries,
this will cause of overcharging that will damage the battery [5].



15 Thesis Outline

This thesis consists of 5 chapters, where the first chapter is the introduction of
the project. It discussed the overview and the objectives of the project. Meanwhile,
chapter 2 will discuss more about the theory and the literature review for the project.
It discussed about the theory of the Sealed Lead Acid battery, the methods to control
the charging of the battery, and the state of charge.



CHAPTER 2

THEORY AND LITERATURE REVIEW

2.1 Introduction

The literature review is proposed to get the information that related to the
project that will be developed. In this literature review, it will focus on the selection
of the components and the methodology purpose that will be used for developing the
circuit. A specific literature review is very important before developing a project.

2.2  Battery

Harry Morse wrote in Storage Batteries (1912), “Into our present age of
power, where we reckon by thousands and tens of thousands of kilowatts, there has
come down from a previous era one single from of the galvanic cell which retains
sufficient commercial importance to be worth consideration in connection with
modern power plant and modern power operations. This is the lead-sulphuric acid

accumulator.”

The first application of lead acid battery is used in transportation. It is the
most popular rechargeable battery system. Lead acid batteries have manufactured
hundreds of millions each year for diverse use, including electric vehicles like golf
carts and electric wheelchairs, and stationary power such as emergency light and

uninterruptable power supplies (UPS) [1].



The negative electrode, lead (Pb), lead oxide (PbO2) the positive electrode
and the electrolyte, sulphuric acid (H2SO4) are the chemicals in the lead acid battery.
During discharge, both plates return to lead sulphate. The process is driven by the
conduction of electrons from the positive plate back into the cell at the negative

plate.

Negative plate reaction: Pb(s) +HSO-4 (a) — PbSO, (s) +2e
Positive plate reaction: PbO,(s) +HSO-4(aq) +3H" (aq) +2e” — PbSO4(s) +2H,0 (1)

Subsequent charging places the battery back in its charged state, changing the
lead sulphates into lead and lead oxides. The process is driven by the forcible
removal of electrons from the negative plate and the forcible introduction of them to

the positive plate.

Negative plate reaction: PbSO, (s) +H™ (aq) +2e” — Pb(s) + HSO—4 (aq)
Positive plate reaction: PbSO, (s) +2H,0 (I) —PbO; (s) +HSO—4 (aq) +3H" (aq)
+2e

The characteristic of the lead acid battery is in Table 2.1.

Table 2.1: Characteristics of Lead Acid battery [6].

Gravimetric | Internal Overcharge | Self- Cell Load | Operating

Energy Resistance time discharge | voltage current | Temperature
Density /month (Nominal)
30-50 <100' High 3% 2V 5C’ -20 to 60°C
(Wh /kg) 12V pack

Every rechargeable battery has its own advantage and disadvantages. The

advantage and disadvantage for lead acid battery can be seen in the Table 2.2.



Table 2.2: Advantages and limitations of lead acid batteries [6].

Low self-discharge rate Cannot be stored in a discharged condition.

Mature, reliable and well-understood technology Poor energy to density limits use to

stationary and wheeled application

Inexpensive and simple to manufacture in terms of | Allows only a limited number of full

cost per watt hours discharge cycles

Low maintenance requirements — no memory; no | The electrolyte and the lead content can

electrolyte to fill cause environmental damage

Capable of high discharge rates. Thermal runaway can occur with improper

charging

2.3 Microcontroller

PIC microcontrollers are popular processors can be used for many
applications. It is developed by Microchip Technology with built-in RAM, memory,
internal bus, and peripherals. PIC stood for ‘“Programmable Intelligent Computer”
but is now generally called as a ‘“Peripheral Interface Controller” [7]. PIC
microcontrollers in the PIC16 and PIC18 families are considered mid-level
microcontrollers; it can run up to 20MHz with 2.5 to 6.0 colts input [7, 8]. It can be
programmed in Assembly, C or a combination of the two. Other high-level
programming languages can be used but embedded systems software is primarily
written in C [7].

2.3.1 Origins

The original PIC was built to be used with GlI's new 16-bit CPU, the
CP1600.While generally a good CPU, the CP1600 had poor I/O performance, and
the 8-bit PIC was developed in 1975 to improve performance of the overall system
by offloading 1/O tasks from the CPU.



The PIC used simple microcode stored in ROM to perform its tasks, and
although the term wasn't used at the time, it is a RISC design that runs one

instruction per cycle (4 oscillator cycles).

In 1985 General Instruments spun off their microelectronics division, and the
new ownership cancelled almost everything — which by this time was mostly out-
of-date. The PIC, however, was upgraded with EPROM to produce a programmable
channel controller, and today a huge variety of PICs are available with various on-
board peripherals (serial communication modules, UARTS, motor control kernels,

etc.) and program memory from 512 words to 32k words and more [9].

2.3.2 PIC Memory organization

A PIC Microcontroller chip combines the function of microprocessor, ROM
program memory, some RAM memory and input-output interface in one single
package which is economical and easy to use. The PIC — Logicator system is
designed to be used to program a range of 8,18, 28 pin programmable PIC
microcontroller which provides a variety of input —output, digital input and analogue

input options to suit students’ project uses [9 ].

Programmable “FLASH Memory” chips have been selected as the most
economical for student use. If a student needs to amend to control system as the
project is evaluated and developed, the chip can simply be taken out of the product
and reprogrammed with an edited version of the floe sheet. The PIC devices
generally feature is sleep mode (power saving), watchdog timer and various crystal
or RC oscillator configuration, or an external clock. [9]



2.4  Battery Charging Control Methods

There are many types of battery charging techniques that include constant
current, constant voltage, Two-step, Pulse charging, and Reflex™ charging [3].

However, not all charging method can be successfully used for every kind of battery

[1].

2.4.1 Constant Voltage Charging

Constant voltage charging is easily implemented and controls. At the initial
stage of charging the large charging currents need to be limited to protect the
devices. The charging will hold when the battery voltage reaches the default value
charging voltage and the charging current will decrease with time. The temperature
will rise because of the charging, and this will cause the degradation of the battery
life [3]. The battery charging characteristic for the constant voltage charging is

shown in the Figure 2.1.
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Figure 2.1: Constant voltage charging curves for batteries [3].

2.4.2 Constant Current Charging

The simple charging method, the constant current charging use currents to

charge the battery and the charging currents for the series connected batteries are



equal. However, overcharging the battery will result in the degradation of the battery
life. Small charging current will prolong the charging time. The charging curve for

constant current charging is shown in Figure 2.2 [3].

charging voltaga (V)
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Figure 2.2: Constant current charging curves for batteries [3].

2.4.3 Two-step Charging

For the two-step charging method, it is the combination of the constant
current and constant voltage charging. At the first stage of charging, the batteries are
charged by a constant current until the battery voltage reaches a pre-set voltage. In
the second stage, a constant voltage is applied for battery charging. The curve for the

two-step charging is shown in Figure 2.3 [3].

clifrgifig voltage V7!

timethour)

Figure 2.3: Two-step charging curves for batteries [3].
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2.5  State Of Charge (SOC) Monitoring

Battery SOC is very important information to make sure that the user knows
the remaining energy. The battery monitoring procedures to compute battery SOC is
not something new, but until now, we are far away from the final solution. There are
three different SOC monitoring methods are evaluated and compared. They are based
on Ah (Ampere hours) counter, open circuit voltage and artificial neural network.
The first one is very effective for constant current discharge but, it is very sensible to
error when several charge/discharge is executed in a row. The open circuit voltage
can be effectively adopted when the open circuit voltage, after battery resting period,
is not a problem. The third method is based on using an artificial neural network. It is
well known that an artificial neural network can be very effective when data for its
training are reliable. Assuming that Ah counter and open circuit voltages are easily
formulated, but more details will be provided only by using the third method [4]. The
state of charge of the battery is conventionally monitored by means of voltage
measurement or integrating the current, both the methods introduce by a certain

approximation [10].

State of charge of the battery is the amount of available energy expressed in
percentage of the rated energy. The variation in the battery voltage from charged to
discharged state is very small. Hence the state of charge of battery can be defined as
the available capacity (AHr) expressed as the percentage of the rated capacity (AHr)
[11].

Avaiable Capacity (AHr)
SoC = - X 100
Rated Capacity (AHr)

2.6 PIC Simulator IDE
PIC Simulator IDE is powerful application that supplies PIC developers with

user-friendly graphical development environment for Windows with integrated
simulator (emulator), Basic compiler, assembler, disassembler and debugger. PIC
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Simulator IDE currently supports the microcontrollers from the Microchip PIC micro
12F and 16F product lines.

(& PIC Simulator IDE - Evaluation Copy ESREEE >
H—— 2
File Simulation Rate Toels Options Help
| Program Location |
| Microcortraller | PICIEBFE7EA | Clock Frequency | 120 MHz
Last |nzstruction Mext Instruction
| |
Program Counter and ' Register | Instructions Counter | 1]
PC [ oooo T DT TTTTTTTTT | | Clock Cycles Caunter | i
| w' Register oo T T T LT TTT || Real Time Duration | 0.0 ps
Special Function Reaisters [SFR =] General Purpoze Reaizters [GPR =]
Hex Binam Value Hex Hex
Addrezz and Hame  Value 7ES5 4 32110 Addr. YWalue Addr  Walue
001k TMRO [oo TTTTTTTT = [020h |00 030k [oo -
002k PCL oo TTTTTTLT [021h |00 |03tk | 0o
[003h STATUS [1¢ T T T RECTT [022h |00 032k |00
[004h FSR oo TTTTTTLT [023h |00 033k |00
|005h PORTA [oo FOCLTTLT [024h |00 [034h |00
|006h FORTE [oo TTOTLTTLT 025k |00 |03sh |00
|007h PORTC [oo TTOTLTTLT 026k |00 038k |00
|00k PCLATH [oo FOCLTTLT [027h |00 |037k |00
[00Bh INTCOM [oo TTOTLTTLT 028k |00 038k |00
|00Ch PIR1 [oo TTOTLTTLT [029h |00 033k |00
00Dk PIRZ [oo FT LT T [02ah |00 |03&h | 00
[D0Eh THMRIL [oo TTOTLTTLT |028h |00 |03Bh | 00
[D0Fh TMR1H [oo TTOTLTTLT [02Ch |00 |03ch | oo
[010h T1COM [oo FOCLTTLT 020k |00 [030h | 00
[011h TMRZ [oo TTOTLTTLT |[02Eh |00 |03ER | 00
012k T2CON foo OO <)) fozpe [0 o3k [ oo =l

Figure 2.4: PIC Simulator IDE.

2.6.1 PIC Simulator IDE main features

The PIC Simulator IDE main features are the simulation interface shows the
internal architecture of microcontroller. The FLASH program memory editor,
EEPROM data memory editor, and hardware stack viewer also available in the PIC

Simulator IDE. There is also microcontroller pin out interface for simulation of
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digital I/0 and analogue inputs. It also has a variable simulation rate and simulation
statistic. Besides that, there is also breakpoints manager for code debugging with
breakpoints support. Other than that, there are also PIC assembler, interactive
assembler editor for beginners and PIC disassembler. It also features a powerful PIC

Basic compiler with smart Basic source editor.



CHAPTER 3

METHODOLOGY

3.1 Introduction

This project consists of hardware and software development. The software is
the programming for the hardware. The hardware is developing the circuit operations
that consist of charging, and monitoring the battery levels. The controller for this
project is the microcontroller as the central processing unit for the charging and
displaying the battery level on the LCD screen. Figure 3.1 below is the block

diagram for this system.

LCD

POWER MICROCONTROLLER BATTERY
SUPPLY

Figure 3.1: Battery Level Monitoring System Block Diagram.

From Figure 3.1 above, this project consists of microcontroller, battery and
LCD screen as the main components. The microcontroller is the central processing
unit that will display the state of charge and voltage value of the battery, when the

battery is charged and discharge.
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3.2  Hardware Implementation

This section will discuss about components that had been used including 12 V
Sealed Lead Acid battery, DC Power Supply, microcontroller PIC 16F877A,
Analogue to Digital Converter (ADC), Voltage Regulator, Mosfet, and 16x2
Alphanumeric LCD Modules.

3.2.1 Sealed Lead Acid Battery
The battery used for this project is a 12 Volt 12 Ah Sealed lead acid battery.

Figure 3.2 below shows the picture of the battery. Table 3.1 is the specification of the

battery.

12 VoIt 12 Ah Sealed Lead Acid Battery

Figure 3.2: 12 Volt 12 Ah Sealed Lead Acid Battery.
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Table 3.1: The Sealed Lead Acid Battery specifications.

Specifications:

BM Part #: SLA-12V12

Voltage: 12 Volt

Capacity: 12 Ah

Type: Sealed Lead Acid Battery
Warranty: 1 Years

Shipping Weight: 10.00 Pounds

Length: 5.95"

Width: 3.91"

Height: 3.71"

3.2.2 DC Power Supply

The DC power supply is an AC powered unregulated power supply usually
uses a transformer to convert the voltage from the mains to DC power supply with
variable and lower voltage. It used a rectifier to convert alternating voltage to a
pulsating direct voltage, followed by a filter, comprising one or more capacitors,

resistors, and sometimes inductors, to filter out (smooth) most of the pulsation

o ) G GLe (exe

Figure 3.3: DC Power Supply.
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3.2.3 Voltage Regulator LM317 and LM7805

LM7805 is a voltage regulator integrated circuit. Member of 78xx series is a
fixed linear voltage regulator ICs. The voltage source in a circuit may have
fluctuations and would not give the fixed voltage output. The voltage regulator IC
maintains the output voltage at a constant value. 7805 is designed to provide +5V
regulated power supply. Capacitors of suitable values can be connected at the input

and output pins depending upon the respective voltage levels.

3
2

1

Figure 3.4: VVoltage Regulator LM7805.

A voltage regulator is an electrical regulator designed to automatically
maintain a constant voltage level. LM317 is a type of Adjustable voltage regulator
that also available in circuit configurations that allow the user to set the output

voltage to a desired regulated value.

The regulated output voltage is given by:

R2
Vout = Vref (1 + H) +IAd]R2

Since l,gj is controlled less than 100pA the error associated with this term is

negligible in most applications. Thus:

R2
Vour = Vref (1 + ﬁ)
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LM21-T

Adjust Inm
Out

Figure 3.5: Voltage Regulator LM317.

3.2.4 Microcontroller

PIC16F876A devices are available in 28-pin packages. All devices in the
PIC16F87XA family share common architectures. It has 5 ports for I/O ports, 15
interrupts, 8 ports of 10-bit A/D input channels and a Parallel Slave Port. The Figure
3.6 shows the pin diagram for PIC16F876A.

werrvee —°1 ™ 28] <= RB7/PGD
RaAN0 =[] 2 27[] +=> RB6/IPGC
RA1ANT === [] 3 26[] = RB5
RA2/AN2VRer/CVRer === ] 4 < 25[]) <= RB4
RAVANVRer+ *+— [ 5 4 24[] === RBIPGM
Ra4mocklic1ouT === ] 6 3 23] = RB2
RAS/IAN4/SSIC20uT *— [ 7 s 22[] «= RB1
vss—[] 8 > 21 == RBO/NT
oscick —= [ 9 L 20J +— Voo
osccLko =——[]10 5 19[] *— Vss
RCOT10SOM1CKI === [] 11 : 18[] === RC7/RX/DT
RC1T108liCCP2 == []12 17[] =*=> RC6/TX/CK
RC2iCCP1 == []13 16[] < RC5/SDO
RCY/SCK/SCL = [ 14 15[ ] <+ RC4/SDI/SDA

Figure 3.6: PIC16F876A Pin Diagram.
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Table 3.2: Pin connection of PIC16F876A for the battery level monitoring

system.

Pin Name Pin Number Description Application

v 20 Positive Supply Power Supply for
bb (+5V) PIC

Vss 8,19 Ground Reference | Ground Reference

OSC1 9 For oscillator or Connected to
resonator resonator 12MHz

0OSC2 10 with 22pF

MCLR\ 1 Reset Input Connected to +5V

Connected to

ANO 2 Analog Input Voltage Cell
RB4 _ RB7 2528 Input/output CO””el‘ffg to the
RBO — RB3 21-24 Inputioutput | COnected to Push

Button

Connected to

RC1 & RC2 12,13 Input/output Charging Circuit

3.2.4.1 Analogue to Digital Converter (ADC)

The ADC is important to convert an analogue signal to an accurate digital
number proportional to its amplitude and vice versa. In the applications in which
analogue information is converted to an intermediate digital form of error and noise-
free transmission makes heavy use of an analogue / digital converter [6]. The ADC

applications are also one of the PIC16F876A features.

3.25 Mosfet

The metal-oxide—semiconductor field-effect transistor (MOSFET, MOS-
FET, or MOS FET) is a device used to amplify or switch electronic signals. It is by
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far the most common field-effect transistor in both digital and analogue circuits. The
MOSFET is composed of a channel of n-type or p-type semiconductor material.

In MOSFET, the gate is separated from the channel by an insulating silicon
dioxide (SiO2) layer. The charge carriers the conducting channel constitute an
inversion charge, that is, electrons in the case of a p-type substrate (n-channel device)
or holes in the case of an n-type substrate (p-channel device), induced in the
semiconductor at the silicon-insulator interface by the voltage applied to the gate
electrode. The electrons enter and exit the channel at n + source and drain contacts in
the case of an n-channel MOSFET, and at p+ contacts in the case of a p-channel
MOSFET.

SOURCE
NRAIN
GATE
DRAIN (FLANG
""-\.._‘_“

Figure 3.7: Mosfet.

3.2.6 16 x 2 Alphanumeric LCD Module

LCD or liquid crystal display is an electro-optical amplitude modulator
realized as a thin, flat display device made up of any number of colour or
monochrome pixels arrayed in front of a light source or reflector. It is often utilized
in battery powered electronic devices because it uses very small amounts of electric

power [12].

The LCD screen is used to display the charging state and the voltage value in
this project. The LCD screen use is the 16 x 2 Alphanumeric LCD Modules. For the
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display on the LCD screen, programming must be developed. Figure 3.8 are the
Alphanumeric LCD Module.

Figure 3.8: Alphanumeric LCD Module.

3.2.6.1 16 x 2 Alphanumeric LCD Module Features

Below are the 16 x 2 Alphanumeric LCD Module Features:

Vi.
Vii.

viil.

Intelligent, with built-in Hitachi HD44780 compatible LCD controller
and RAM provides simple interfacing

61 x 15.8 mm viewing area

5 x 7 dot matrix format for 2.96 x 5.56 mm characters, plus cursor line
Can display 224 different symbols

Low power consumption (1 mA typical)

Powerful command set and user-produced characters

TTL and CMOS compatible

Connector for standard 0.1-pitch pin headers

Alphanumeric LCD module outline dimension are as in the Figure 3.9.
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Figure 3.9: 16 x 2 Alphanumeric LCD Module outline dimension.

The Table 3.2 shows the 16 x 2 Alphanumeric LCD Module pins and

functions.

Table 3.3: 16 x 2 Alphanumeric LCD Module Pin and functions.

Pin Symbol Level Function
1 Vss - Power, GND
2 Vb - Power, 5V
3 Vo - Contrast Adjust
4 RS H/L Register Select Signal
5 R/W H/L Data Read/write
6 E H, H—>L Enable Signal
7-14 DBO0 - DB7 H/L Data Bus line
15 A - Power Supply for LED (+)
16 K - Power Supply for LED (-)
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Figure 3.10: Alphanumeric LCD Module Block Diagram.

[@

3.2.7 Charging the Lead Acid Battery

PbSO4 or Lead Acid batteries are usually charged either by the current-
limited method or by the more common and generally simpler voltage-limited
method. The voltage-limited charging method is similar to that used for Li+ cells, but
high precision isn't as critical. It requires a current-limited voltage source set at a
level somewnhat higher than the cell's float voltage (about 2.45V) [13].

After a preconditioning operation that ensures that the battery will take a
charge, the charger begins the fast charge and continues until it reaches a minimum
charging current. (This procedure is similar to that of a Li+ charger). Fast charge is
then terminated, and the charger applies a maintenance charge of V FLOAT (usually
about 2.2V). PbSO4 cells allow this float-voltage maintenance for indefinite periods
in Figure 3.11 [13].
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Figure 3.11: Lead Acid Battery Charging-Profile. [13]

For the sealed lead acid (SLA) the charging time is 12 to 16 hours. With
higher charge currents and multi-stage charge methods, charge time can be reduced
to 10 hours or less. SLAs cannot be fully charged as quickly as nickel-based systems.
To correctly set the cell-voltage limit is critical. A typical voltage limit is from 2.30V
to 2.45V. If a slow charge is acceptable, or the room temperature may exceed 30°C,
the recommended voltage limit is 2.35V/cell. If a faster charge is required, and the

room temperature will remain below 30° C, 2.40 to 2.45V/cell may be used [6].

Table 3.4: Recommended voltage limit on recharge and float charge of SLA [6].

0°C 25°C 40°C
Voltage limit on | 2.55V/cell 2.45V/cell 2.35V/cell

recharge

Continuous float | 2.35V/cell or lower | 2.30V/cell or lower | 2.25V/cell or lower

voltage
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3.2.8 Charging Circuit.

Developing a charging circuit is one of the objectives for this project. The
schematic diagram in Figure 3.12 is the developed charging circuit. This charging
circuit consist of two Mosfet, IRF540, an adjustable voltage regulator, LM317 and

also a diode.

us

LM317L

W Hight
——<1 RC2 (Ext Charge) SN VY vo 2
W Hight
R18
D4 c1

1
1o H R24 ” R25
100k 2R2

11 Ay

N
TNA001

—

ex]
&) IRF520

<] AnD Ext V. Cel)

ST R26
1 L mr— 100k
T ok % — e l_
R22 ! 5 100K i
1 —{ =
10k £ mr=
I = |
M ——
o0k
1 RS

Q4 100k

@\ IRF540 R30
RC1 (Ext. Dish) [ ¢ [

100k

R31
R23 1 00k
10K

R32

100k

R33

- - 100k

Figure 3.12: Schematic Diagram for Charging Circuit.

From the charging circuit in the Figure 3.13, a voltage regulator is used. The
voltage regulator, (LM317) allows constant current flow in the circuit. This
adjustable voltage regulator supports input voltage of 3 V to 40 V and the output
voltage between 1.25 V to 37 V.

The Mosfet in the charging circuit is used as a switch to turn on and turn off.
The switching of Mosfet is activated when the Gate is receiving voltage from the
source. As for this circuit, it will be switched automatically. This is because of the
Mosfet’s Gate are connected to a transistor that receive voltage from PIC. When the
Mosfet is activated, the current will flow through the Mosfet then it will charge the

battery.
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The diode that connected at the voltage regulator is used to allow the current
to flow in one direction only. It is also functioning to ensure the current is not

drained after it completely charged.

The Dip. switch is filtered by a series of resistor before the current is flow to
the PIC. The Dip. switch is a set of manual switch. The function of this filtered is to
decrease the voltage value that is sent to PIC. The filter is used because pin ANO at

the PIC can only read analog input from 0 V to 5 V only.

Y. Hight [se—— U1
LM317L

Ext. Charge V. Hight [—
V. Hight 3 P
vl VO
R1 3
2
10k R3
10k —_—=C1 -

T oo
o SI; R6 R7
BCsaT D1 100K R2

Q2 4001
BCSS7 -4
R2
[] 10K Q3
R4 [Ep IRF540
= 10k 1
€1 [] R5
- 10K
—{> Acau

Figure 3.13: Charging

The charge ranges for this charging circuit is 1 V to 16 V. This range exceeds
the requirement. Thus, when charging process, overheats will happen occasionally
due to the output exceed the rated current. To resolve this problem the adjustable
voltage regulator is used, that is LM317. This adjustable voltage regulator functions
as current limiter and will automatically reduce the output current if overheat occurs

under load.
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Figure 3.14: Discharging

In the Figure 3.14 shows the discharging part of the charging circuit. The
testing for discharging circuit is experimented by using a lamp as a load to discharge

the battery.

3.3  Software Implementation

The software used for this project is the PIC Simulator IDE and PROTEUS.
PIC Simulator IDE is used to develop the programming for microcontroller for this
project. PROTEUS is the software used to construct a circuit and run simulation to

make sure the circuit designed is functioning for safety reason.



3.3.1 Flow Chart of the programming

START

Define all variables, LCD and OSC
Define ports and pins
Determine the Input and outputs

v

—> Display Intro

l Yes

Set the limit for
the automatic
charging

Yes

No
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Display the Voltage, Charging
or Discharging state and Time

|

END

Change process

3.3.2 Burning Hex file Into PIC by using PIC USB programmer

When a program is compiled it will be saved as hex file. The hex file is the

file used to be read in the microcontroller. The hex file is burned into the

microcontroller by using a PIC USB programmer. The device is connected to the
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computer and burned into the microcontroller. The PIC USB programmer is as in the

Figure 3.15.

1404 SN 0L

ICSP PORT

PROGRAM
SWITCH

(PICKIT2 SOFTWARE ONLY)
Figure 3.16: Programmer Overview [14].
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The PIC programmer offers In-circuit programming with a wide range of
optional adapters is available for all DIP sizes from 8 to 40 pins, together with a

program-run switch for direct in-circuit program execution [14].

The PIC programmer is 100% compatible with PICKit 2 interface as in Figure
3.17, with the added advantage that it incorporates a ZIF socket for easy insertion
and removal of the PIC and therefore can be used as a production programmer as
well as an experimental programmer. It is also fully compatible with Microchip's
MPLAB IDE software and therefore can program practically any PIC
microcontroller including the PIC16F84, PIC16F628, PIC 18F458, and many more
[14]. The PICKit 2



File  Device Family  Programmer Toocls  View  Help

Midrange/Standard Corfiguration

Device: Mo Device Found Corfiguration: 0000
Uszer IDs: FF FF FF FF

Checksum:  FCOO QSCCAL: BandGap:
‘PICkit 2 connected. ID = UPOOB ® MICROCHIP
| | VDD Tanget
Clcheck 50 [
= erify ’ Erase ] ’ Blank Checlc l [ /MCLR z
Program Memory
Enabled Source: |Nnn£= (Empty/Erased)
aoa 3FEF 3FFF 3FEF 3FFF 3FFF 3FEF 3FFF 3FEF | =
ooe 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0lao 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
als 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
020 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
028 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
030 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
038 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
040 3FEF 3FFF 3FEF 3FFF 3FFF 3FEF 3FFF 3FFF
o4 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
050 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
058 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF |«
EEPROM Data L o
Enabled | Hexx Only - + Wifiite: Device

Figure 3.17: The PICKit 2 programmer [14].



CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

Some testing has been conducted for the project. Firstly, the testing of the
power circuit has been conducted to find out whether that the circuit is working
properly and to make sure that the output is 5 V to be supplied to the PIC. Then,
LEDs are used to test the circuit. After that, the LED programming is tested. Lastly

the analyses are made.

4.2 Power Circuit

The power circuit in Figure 4.1 is the tested circuit. The power circuit is
converting 12 V or 24 VV to 5 V to be used for the PIC input supply. From the testing
of the hardware, the output voltage is 5.03 V, so comparing the result from the

hardware testing and simulation it is similar.
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Figure 4.1: Power Circuit

4.3  Circuit Testing

This circuit is tested by using LED to make sure that the power circuit output
in the hardware is 5 V, to be supplied to the PIC. If the LED is switched on, then the
circuit is functioning. The program below is to turn on the LED on the circuit. Before
it is tested on the hardware the program is tested by using software; PROTEUS in
Figure 4.2. Figure 4.3, is the picture when the hardware is tested.

Define CONF_WORD = 0x3f72
Define CLOCK_FREQUENCY =12

Symbol s1 = PORTA.O
Symbol led1 = PORTB.0

Dim phase As Byte
Dim key As Byte

PORTA =0
PORTB =0
PORTC =0
TRISA.1 =0
TRISA5 =0
TRISC.2=0
TRISC.1=0
AlDigital
ADCON1 = 0x0f
WaitMs 1000



newprogram:
Gosub welcome
End

welcome
If key =s1 Then
phase = phase + 1

If phase =5 Then phase =1

Goto loopl

Loopl:
Ledl=1
WaitMs 3000
End

c . BR
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(= B | U
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c2 CRYSTAL neey vl
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1n reomiosomick Sk
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Figure 4.2: The simulation in PROTEUS.
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Figure 4.3: The hardware testing.

44  LCD Testing

The LCD testing is conducted to make sure the program for LCD is
functioning well. Below is the programming for the LCD. The LCD will display
“LCD display” when the button is pressed. The result of the LCD testing of hardware
Is in Figure 4.4. Figure 4.5 is the simulation tested in PROTEUS.

Define CONF_WORD = 0x3f72
Define CLOCK_FREQUENCY =12

Symbol t_right = PORTB.3
Symbol t_down = PORTB.2
Symbol t up = PORTB.1
Symbol t_left = PORTB.0
Symbol i2cclock = PORTC.3
Symbol i2cdata = PORTC.4

Define LCD_BITS =4

Define LCD_DREG = PORTB
Define LCD_DBIT =4

Define LCD_RSREG = PORTC
Define LCD_RSBIT =0

Define LCD_EREG = PORTC
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Define LCD_EBIT =5

PORTA=0
PORTB=0
PORTC =0
TRISA.1=0
TRISA5=0
TRISC.2=0
TRISC.1=0
AllDigital
ADCON1 = 0x0f
Lcdinit
WaitMs 1000
newprogram:
Gosub welcome
End

welcome:

Lcdemdout LedClear
Lcdout "LCD display"
WaitMs 3000

End
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Figure 4.4: The tested LCD at hardware.
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Figure 4.5: Simulation in PROTEUS.

4.5  Charging Circuit Testing.

36

As in the objectives the charging circuit is one of the objectives to be

fulfilled. For charging circuit testing, the testing is by collecting the data from

charging as in the Table 4.1.

Table 4.1: Charging circuit testing.

Input Voltage Output Voltage
1V 0.0V
3V 0.0V
5V 22V
6V 3.0V
7V 39V
9V 6.0V
12V 8.9V
14V 10.7V
16V 127V
18V 147V
20V 16.6 V
22V 18.7V
24V 20.6 V
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Input Voltage vs. Output Voltage
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Figure 4.6: Graph Input Voltage vs. Output Voltage

The output voltages of the charging circuit are as in the Table 4.1 above. The
output voltage shows that the input voltages are regulated by the voltage regulator
LM317. To charge a 12 V Sealed Lead Acid it needs more than 12 V to charge the
battery of 12 V. The battery charger is able to regulate the output of 37 V and with a
40 V input maximum. However if the voltage used to charge is too high it will

shorten the battery life.



38

Flgure 4.7: Charglng Circuit

4.6  Charging Circuit Result

The charging circuit is connected to the controller circuit, where the PIC is
controlling the charging start. The charging is start by pressing a push button to

select the menu charge from the LCD screen as in Figure 4.8.

Figure 4.8: Selecting Program on LCD display.
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The input voltage to charge the battery is 16 V. Meanwhile the current is
about 0.05 A. The battery voltage changes from 10.76 V to 10.77 V within 22

minutes as in Figure 4.9 and Figure 4.10.

00:02:54.«2

)

Figure 4.10: The voltage value is 10.77 V after 22 minutes.

The charging will stop when reset button is pressed and the charging can be

continued by pressed the select button to charge from the menu on the LCD screen.



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The battery level monitoring system is a project that displays the charging
and discharging of a 12 V Sealed Lead Acid battery. This project also helps the user
to monitor the voltage value and the charging and discharge state of the battery. The
purpose of this application is to monitor the voltage, charging and discharging.

Besides that, a battery charger circuit is developed to charge the battery.

This project includes three parts. The first part is the charging circuit. The
charging circuit of this project should be able to charge a 12 V Sealed Lead Acid
battery. The circuit should stop charging when the charging is almost full to make

sure it will not damage the battery.

The second part of this project is the controller circuit. The controller circuit
is the brain of this project. In this controller circuit contains the PIC or the
microcontroller. This microcontroller needs a program to be operated.

The last but not least is the monitoring circuit. The monitoring circuit is to
display the charging and discharging state of the battery and also the voltage value of

the battery.
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5.2 Problem

During the project there should be some certain problems occur during the
progress of this project. The problems can be resolved by many certain ways, so the
purpose of this problem discussed is to provide information for others to resolve

when the problems occur.

One of the problems is during developing the power circuit. The power
circuit in this project should be providing a +5 V power to supply to the
microcontroller. The solution for this problem is by troubleshooting the connection

in the circuit. There is some error in the connection.

Besides that, during the testing of the circuit some problems occur to activate
the LED with a functional programming. The programming develops is not
functioning well so the LED in the circuit is not activated. When the programming is
tested in the software, PROTEUS the programming shows no problem to activate the
LED. The solution that came across is to troubleshoot the programming. It seems that
the programming will be functioning well in the software but not in the hardware. To

solve the problem due to this is by adding a device to be defined in the programming.

Other than that, during developing the charging circuit there are some spark
happens occurred during the test. Thus, the problem is solved by troubleshooting the
circuit to make sure the connection is correct. The problem causing this case is

because of the ground and +5 V is short circuit.

5.3 Recommendation

For the future used on this project, some recommendation is provided to

improve the project performances and functions.
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This project monitors the battery charging and discharging state and also the
voltage value. There are many other parameters that can be monitored to make sure
the battery is in a good condition. For example of the parameter is the temperature.
The importance of monitoring the temperature is because the battery performance

will change dramatically with temperature.

Other than that, this project also can be done with wireless monitoring. The
advantage of wireless monitoring is the battery can be stored at a place that is

hazardous, and the battery level can be monitored from afar.

When the charging is complete the charging will be automatically stop, to
indicate the charging is complete is by adding a buzzer. When, a buzzer is added the

user will be notify by the sound of the buzzer instead of light indicator.
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Schematic Circuit Diagram
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Schematic Circuit Diagram
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APPENDIX B
Project Coding

Define CONF_WORD = 0x3f72
Define CLOCK_FREQUENCY =12

Symbol t_right = PORTB.3
Symbol t_down = PORTB.2
Symbol t up =PORTB.1

Symbol t_left = PORTB.0
Symbol ledcharge = PORTA.1
Symbol leddischarge = PORTA.7
Symbol charge = PORTC.2
Symbol discharge = PORTC.1
Symbol i2cclock = PORTC.3
Symbol i2cdata = PORTC.4

Define LCD_BITS =4

Define LCD_DREG = PORTB
Define LCD_DBIT =4

Define LCD_RSREG = PORTC
Define LCD_RSBIT =0

Define LCD_EREG = PORTC
Define LCD_EBIT =5

Const c_right =1
Constc_ up=2
Const c_down =3
Constc_left=4

Dim vin As Word
Dim i As Byte
Dim j As Byte

Dim an0 As Word
Dim vmod As Word
Dim vfinal As Word

Dim v(13) As Word
Dim vmax As Word
Dim vmaxdelay As Byte
Dim vmaxnum As Byte

Dim finish As Bit
Dim address As Word
Dim seconds As Byte
Dim minutes As Word
Dim hours As Byte

Dim voltage As Word
Dim voltagel As Word
Dim voltage2 As Word
Dim cnt As Word
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Dim sample As Word

Dim program As Byte
Dim phase As Byte
Dim key As Byte

Dim dischargelimit As Word
Dim signalfiltertype As Byte
Dim mintime As Byte

Dim minvalue As Word

Dim maxtime As Word

PORTA=0
PORTB =0
PORTC =0
TRISA.1=0
TRISA5=0
TRISC.2=0
TRISC.1=0
AllDigital
ADCON1 = 0x0f
Lcdinit
WaitMs 1000
newprogram:

Gosub welcome

Gosub selectprogram

If program = 1 Then Gosub prog_charge

If program = 2 Then Gosub prog_discharge
If program = 3 Then Goto prog_combine

If program = 4 Then Goto prog_features
Goto newprogram

End

welcome:

Lcdemdout LedClear
Lcdout "PSM Project 2012"
Lcdemdout LedLine2Home
Lcdout "Loading..."
WaitMs 3000

Return

selectprogram:

phase =1

Lcdecmdout LedClear

Lcdout "Select Program:"

loop1:

Lcdemdout LedLine2Clear

If phase = 1 Then Lcdout "1-Charge™
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If phase = 2 Then Lcdout "2-Discharge™
If phase = 3 Then Lcdout "3-Combine™
If phase = 4 Then Lcdout "4-Features”
Gosub waitkey
If key = c_down Then
phase = phase + 1
If phase =5 Then phase =1
Goto loopl
Endif
If key = c_up Then
phase = phase - 1
If phase = 0 Then phase = 4
Goto loopl
Endif
If key = c_right Then program = phase
If key = ¢_left Then program =0
Return

waitkey:

key =0

If t_right =1 Then key = c_right
Ift up=1Thenkey=c_up

If t down =1 Then key =c_down
Ift left=1Then key =c_left

If key = 0 Then Goto waitkey
Gosub debounce

Return

getkey:

key =0

If t_right =1 Then key = c_right
Ift up=1Thenkey=c_up

If t down =1 Then key =c_down
Ift left=1Then key =c_left

If key > 0 Then Gosub debounce
Return

debounce:

Ift right=1Theni=0

Ift up=1Theni=0

Ift down=1Theni=0

Ift left=1Theni=0
i=i+1

WaitMs 10

If i <10 Then Goto debounce
Return

scankey:
Ift_right =1 Then key = c_right
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Ift_up=1Thenkey=c_up

Ift down =1 Then key =c_down
Ift_left=1 Then key = c_left
Return

initroutine:

Lcdemdout LedClear

Lcdout "Starting..."

WaitMs 3000

Gosub getvin

Fori=1To12
v(i) = vin

Next i

vmax =0

vmaxdelay = 0

vmaxnum =0

finish=0

seconds = 251

minutes = 0

hours =0

key =0

Lcdemdout LedClear
Return

prog_discharge:

discharge =1

leddischarge = 1

Gosub initroutine

Lcdout "Discharging..."

Lcdecmdout LedLine2Home

Signalfiltertype = 1

Dischargelimit = 290

While finish =0
If signalfiltertype = 1 Then Gosub getvfinall
If vfinal <= dischargelimit Then finish = 1
Gosub settime
Gosub showvoltage
If key = c_left Then finish =1
key =0

Wend

Lcdemdout LedLinelClear

Lcdout "Completed!"

discharge =0

leddischarge =0

WaitMs 3000

Return

prog_charge:
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charge =1
ledcharge =1
Gosub initroutine
Lcdout "Charging..."
Lcdemdout LedLine2Home
While finish =0
If signalfiltertype = 1 Then Gosub getvfinall
If vfinal > vmax Then vmaxdelay = vmaxdelay + 1
If vmaxdelay =5 Then
If vmaxnum < 5 Then vmaxnum = vmaxnum + 1
vmax = vfinal
vmaxdelay = 0
Endif
If peakdetect =1 Then
vfinal = vfinal + peakgap
If vfinal <= vmax Then finish =1
vfinal = vfinal - peakgap
If vmaxnum < 5 Then finish =0
Endif
If minutes < mintime Then
finish =0
vmax = vfinal
vmaxdelay = 0
Endif
If vfinal < minvalue Then
finish=0
vmax = vfinal
vmaxdelay = 0
Endif
If minutes >= maxtime Then finish =1
Gosub settime
Gosub showvoltage
If key = c_left Then finish =1
key =0
Wend
Lcdemdout LedLinelClear
Lcdout "Completed!"
charge =0
ledcharge =0
WaitMs 3000
Return

prog_combine:

Gosub prog_discharge
WaitMs 10000

Gosub prog_charge
Goto newprogram
Return
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prog_features:

Lcdemdout LedClear
Lcdout “PSM Project 20127
Lcdecmdout LedLine2Home
Lcdout “FKEE”

WaitMs 3000

Lcdemdout LedClear
Lcdout “Aiesyah”
Lcdecmdout LedLine2Home
Lcdout “EC08027”
WaitMs 3000

Lcdout “Supervisor”
Lcdemdout LedLine2Home
Lcdout “Ms.Nor Laili”
WaitMs 3000

Return

getvin:
vin=0
Fori=1To 60
Adcin 0, an0
Vin =vin + an0
Gosub scankey
WaitMs 83
Next i
vmod = vin Mod 60
vin =vin/ 60
If vmod >=30 Thenvin=vin+1
Return

getvfinall:
Fori=1To 11
J=i+1
V() =v()
Next |

Gosub getvin
v(12) = vin
vfinal =0
Fori=1To12
Vfinal = vfinal + v(i)
Next i
vmod = vfinal Mod 12
vfinal = vfinal / 12
If vmod >= 6 Then vfinal = vfinal + 1
Return

showvoltage:
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'0V=0 2.5V=1023 2500/1023=2.444
voltage = (vfinal * 2) + (vfinal * 4/ 10)
voltage = voltage +(vfinal * 4 / 100) + (vfinal * 4 / 1000)
voltagel = voltage / 1000

voltage2 = voltage Mod 1000
Lcdemdout LedLine2Clear

Lcdout #voltagel, "."

If voltage2 < 100 Then Lcdout "0"

If voltage2 < 10 Then Lcdout "0"
Lcdout #voltage2, "V "

hours = minutes / 60

If hours < 10 Then Lcdout "0"

Lcdout #hours, ™:"

hours = minutes Mod 60

If hours < 10 Then Lcdout "0"

Lcdout #seconds

Return

settime:
seconds = seconds + 5
if seconds >= 60 Then
seconds =0
minutes = minutes + 1
Endif
Return
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PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

= PIC16F873A
= PIC16F874A

* PIC16F876A
= PIC16F877A

High-Performance RISC CPU:

* Only 35 single-word instructions to leamn
= All single-cycle instructions except for program
branches, which are two-cycle
= Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
= Up to 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory

= Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16F XXX microcontrollers

Peripheral Features:

= TimerQ: 8-bit timer/counter with 8-bit prescaler

= Timer1: 16-bit imer/counter with prescaler,
can be incremented during Sleep via external
crystaliclock

= Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

= Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

= Synchronous Serial Port (SSP) with SPI™
(Master mode) and 12C™ (Master/Slave)

* Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

* Parallel Slave Port (PSP) - 8 bits wide with
extemal RD, WR and CS controls (40/44-pin only)

= Brown-out detection circuitry for

Analog Features:
+ 10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)
* Brown-out Reset (BOR)
« Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VREF) module
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outputs are externally accessible

Special Microcontroller Features:

+ 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

+ Selectable oscillator options

* In-Circuit Debug (ICD) via two pins

CMOS Technology:

* Low-power, high-speed Flash/EEPROM
technology

Fully static design

Wide operating vollage range (2.0V to 5.5V)

« Commercial and Industrial temperature ranges

Brown-out Reset (BOR
( ) * Low-power consumption
Program Memory Data cc MSSP
EEPROM 10-bit P Timers
Device Bytes # Single Word SRAM (Bytes) o AID (ch) | (PWM) | gp, Master | USART 8/16-bit Comparators
Instructions |(Bytes) c
— e e ] — —— ———————————= |
PIC16F873A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 21 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16F876A |14 3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PIC16F877A |14 3K 8192 368 256 33 8 2 Yes| Yes Yes 21 2

© 2003 Microchip Technology Inc.

DS39582B-page 1
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device spedific information
about the following devices:
= PIC16F873A
« PIC16F874A
* PIC16F876A
« PIC16F877A
PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture with
the following differences:
« The PIC16F873A and PIC16F874A have one-half
of the total on-chip memory of the PIC16F876A
and PIC16F877A
= The 28-pin devices have three /O ports, while the
40/44-pin devices have five
» The 28-pin devices have fourleen interrupts, while
the 40/44-pin devices have fifteen
* The 28-pin devices have five A/D input channels,
while the 40/44-pin devices have eight

The Parallel Slave Port is implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device

architecture and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
{PWRT, OST) {PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
11O Ports PortsA,B,C |PortsA,B,C,D,E| PortsA,B,C |PorisA,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5input channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

© 2003 Microchip Technology Inc.

DS39582B-page 5
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17.0 ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings 1

Ambient temperatung UNDEr DIBS.............ccce ceeeues ceeeen cesees meseses sresen sesses mesess snseme <5510 +125°C
SI0TBQGO IOMPOIBIUNG ... ..oo. cerees cesess srssesssemses sesssss sseses sveres svsses snsess sesesss nsmes smsses -65°C 1o +150°C
Voltage on any pin with respect 10 VSS (except VOO, MCLR. 8N RAS) ...c..c.cocue ceceencosmsconesne s 0.3V 1o (VoD + 0.3V)
Voltage on VDD with respect 10 VSS ......cccceeues secessresseses sesess sseses sesess <0310 +7.5V
VOiage 0n MCLR WIth rOSPOCE 10 VSS (NOB® 2) .......ceueuescreneseevees sesee essssseseansevees s esssss somsssseseesseeees essas snsasa e Oto +14V
Voltage on RA4 with réspect 10 Ves ... e e e Oto +8.5V
Total power dissipation (Note 1) ... e e e e e - 1.0W
Maximum curment OUt Of WSS PiN .......c..coceee ceceeres ceceen sesses sesess sesems xsses smssess snsese 300 mA
Maximum Curment iNtO VDD PiN .........occe. ceees cecmeses sesses sesses sesess sesess xsees smssess snsese 250 mA
Input clamp current, la (Vi < 0 or Vi > VpD), 220 mA
Output clamp current, lok (VO < 0 or VO > VDD) 20 mA
Maximum output curment SUNK BY Ny MO PiMN..........c.coveeeecesserses sesees sesess srssss sseses sesss snsses sesses sessess seesses sesess sesess 25 mA
Maximum output current sourced by 8ny VO Pin ........cc ceeces semeee mucess secens sesees .25 mA
Maximum curment sunk by PORTA, PORTB and PORTE (combined) (Note 3) 200 mA
Maximum current sourced by PORTA, PORTB and PORTE (combined) (Note 3) 200 mA
Maximum current sunk by PORTC and PORTD (combined) (Note 3) ... e e e e s s 200 mA
Maximum current sourced by PORTC and PORTD (combined) (Note 3) ..... 200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VoD x {I0D - X IoH} + T {(VOD - VOH) x IoH} + Z(VOl x loL)

2: Volage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-1004) should be used when applying a “low” level 1o the MCLR pin rather than
pulling this pin directly 0 Vs,

3: PORTD and PORTE are not implemented on PIC16F873A/8T6A devices.

1 NOTICE: Stresses above those listed under "Absolute Maximum Ratings™ may cause permanent damage fo the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. E xposure 10 maximum rating conditions for

extended periods may affect device rekiabdy.

© 2003 Microchip Technology Inc. DS39582B-page 173
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I
FAIRCHILD IRF540N

e ——
SEMICONDUCTOR®
¥ Data Sheet NN January 2002 WRR————

33A, 100V, 0.040 Ohm, N-Channel, Power

MOSFET
Packaging Features
JEDECTO-220A8 « Ultra Low On-Resistance
SOURCE = rps(on) = 0.040Q, Vgg= 10V
// GATE * Simulation Models
/ - Temperature Compensated PSPICE™ and SABER®
Electrical Models
(", - Spice and SABER® Thermal Impedance Models
. pRAIN = www.fairchildsemi.com
(FLANGE) * Peak Current vs Pulse Width Curve
IRFS40N « UIS Rating Curve
Symbol Ordering Information
D PART NUMBER PACKAGE BRAND
IRF540N TO-220AB IRF540N
(]
8

Absolute Maximum Ratings T =25%C, Unless Otherwise Specified

IRF540N UNITS
Drain 10 S0UrCE VOILAgE (NOKE 1) . e v evesennsnnssessesessensssniasansns Vpss 100 v
Drain 10 Gate Voltage (Rgg = 20k12) (NI 1) . ... .vurersensensenrnnrnsanens VoGR 100 v
Gale 10 SoUrCEVORAgE .. vvueussssusinrssssssasssasiassssssasssssssasasns Vas 120 Vv
Drain Current
Continuous (Te= 259, Vgg = 10V) {FIQUM 2) . ouviuriusensensineraeeacnnens Ip 33 A
Continuous (Tg= 100°C, Vgg = 10V) (FIQUr@ 2) . ...vevenrenniniseneisanennns o 23 A
Pulsad Drain CUMBNE . .. uueuueuasssnsiassssssasasssssssssssssssssasnasns lom Figure 4
Pulsed Avalanche Rating ........cuieiiiaiananausnsnsssssssssnasssnanannnd uIs Figures 8, 14, 15
Power Dissipalion .. .....uieueseunssnnrsansasssansssissanssssisniassnsnnns Po 120 w
Derate ADOVE 25%C .. .. .euureeunsisreanieeann s aeeaaat e e s 0.80 wre
Operaling and SI0rage TeMPOratue . . ... vveeeeeeeessssrnnnsnnnnssssnnns T Ts1a 5510175 %
Maximum Temperature for Soldering
Leads a1 0.063in (1.6mm) from Casa or 108, .....uuviunsuunnnssssansnnannns A\ 300 o
Package Body lor 108, 566 Tochbrief TB334 . .........veisseensenssrnseennss Tokg 260 °c
NOTES:

1. T;=25°C 1o 150°C.

CAUTION: Stresses abowe those listed in “Absolute Maximum Ratings® may cause permanent damage lo the device. This is & stress only rating and operation of the
device ai these or any ather conditions above those indicaled in the op i of this specif is not implied,

CR002 F ey Somiconductos Comar dan

IRF540M Rev. ©
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Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER | symsoL | TEST CONDITIONS [ MN | TYP | MAX [uNiTs
OFF STATE SPECIFICATIONS
Drain to Source Breakdown Voitage BVpss |lp=250uA, Vgg = OV (Figure 11) 100 - - v
Zero Gate Voltage Drain Current lpss Vpg =95V, Vgg =0V - - 1 pA

Vps = 90V, Vgg = 0V, Te = 150°C - - 250 pA
Gale lo Source Leakage Curment lgss Vgs = 120V - - 1100 nA
ON STATE SPECIFICATIONS
Gate 1o Source Threshold Voltage VasHy | Vas = Vps. Ip = 250pA (Figure 10) 2 - 4 v
Drain to Source On Resistance SN |lo = 33A, Vgg = 10V (Figure 8) - |o0033|o00d0| @
THERMAL SPECIFICATIONS
Thermal Resistance Junction to Case Ryc [TO-220 - - 125 | ‘cw
Thermal Resistance Junction to Raa - - 62 | “cw
Ambient
SWITCHING SPECIACATIONS (Vgg = 10V)
Tum-On Time toN Vpp =50V, Ip=33A - - 100 ns
Tum-On Detay Time tGON) :gs - 'goru - 9.5 - ns
Rise Time W |(Figures 18, 19) - 57 - ns
Tum-Otf Delay Time Y(OFF) - 40 - ns
Fall Time ] - 55 - ns
Tum-Off Time OFF - - 145 ns
GATE CHARGE SPECIFICATIONS
Total Gate Charge Qgmom |Ves=0Vio20V Vpp = 50V, - 66 79 nC
Gate Charge a1 10V Qgi0) |Vas=0Vio 10V 3;33‘:-1 oA ; 35 | 42 | nC
Threshold Gale Charge Gy [Vas=0vioav | KB e 1 24 | 29 | ¢
Gate 1o Source Gate Charge Qgs - 54 - nC
Gate 1o Drain *Miler* Charge Qgd - 13 - nC
CAPACITANCE SPECIFICATIONS
Input Capacitance Ciss  |Vps =25V, Vgg =0V, . 1220 - pF
Output Capacitance Coss |'= "‘"f ; 205 | - oF
Reverse Transfer Capacitance Chss Fom 1) - 100 - pF
Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | max [umiTs

Source 1o Drain Diode Voitage Vsp |lsp=33A - - 125 v
Isp=17A - - 1.00 v
Reverse Recovery Time Iy Isp = 33A, digp/dt = 100AMs - - 12 ns
Reverse Recovered Charge Qpr Igp = 33A, digp/dt = 100As - - 400 nC
@002 F echild Sermconducior Comporaiion IRF540N Rev. C
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Typical Performance Curves (Continued)

1.2 4000 I I
u Ip = 250uA E Vgg =0V, f=1MHz
u —
[ [ ——
=2 e
2 E // T 1000 - ™ T =
ph 11 L = Ciss=Cas + Cap J
z8 / g e
z ; g Coss=Cps+Cap | ™ \k\
og 5} ™
8 e / g N
35 10 < ) N, ™
=t v g 10 -
E / Crss=Cap
= / Ny
0.9 20
-80  -40 0 40 80 120 160 200 0.1 1.0 10 100
T, JUNCTIONTEMPERATURE (°C) Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 11. NORMALIZED DRAINTO SOURCE BREAKDOWN FIGURE 12. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE

VOLTAGE vs JUNCTION TEMPERATURE

10
Vpp = 50V

=///

WAVEFORMS IN
DESCENDING ORDER:

2 Ip=33A 1
Ip=17A

Vgs. GATE TO SOURCE VOLTAGE (V)

o |
0 10 20 30 40
Qg, GATE CHARGE (nC)

NOTE: Refer to Application Notes AN7254 and AN7260.
FIGURE 13. GATE CHARGE WAVEFORMS FOR CONSTANT GATE CURRENT

Test Circuits and Waveforms

Vps

BVpss

Vps
VARY tp TO OBTAIN las | .
REQUIRED PEAK Ipg T ‘\ Voo
Vgs ’,” \
— , \ _L
/ !
— 4 \
t s \
OV . 0o _ _ 4 v
| v =
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS

B2002 Fairchild Semicanductar Carparation IRF540N Rev. C
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Datasheet 16x2 Alphanumeric LCD Module

ArpaaNuUMERIC LCD Dispray (16 x 2)

Order Code

LED008 16 x 2 Alphanumeric Display
FRMO10  Serial LCD Firmware (optional)

Contents

1 x 16x2 Alphanumeric Display
1 x data booklet

Introduction

Alphanumeric displays are used in a wide range ol applications, including palmtop
computers, word processars, photocoplers, point of sale terminals, medical
instruments, cellular phones, etc. The 16 x 2 intelligent alphanumeric dot matrix
display is capable of displaying 224 different characters and symbols. A full list of
the characters and symbols is printed on pages 7/8 (note these symbols can vary
between brand of LCD used). This booklet provides all the technical specifications
for connecting the unit, which requires a single power supply (+5V).

Further Information

Available as an optional extra is the Serial LCD Firmware, which allows serial
control of the display. This option provides much easier connection and use of the
LCD module. The firmware enables microcontrollers (and microcontroller based
systems such as the PICAXE) to visually output user instructions or readings onto
an LCD module. All LCD commands are transmitted serially via a single
microcontroller pin. The firmware can also be connected to the serial

port of a computer.

An example PICAXE instruction to print the text
‘Hello’ using the serout command is as follows:

serout 7,T2400, (“Hello")

revolution Rewlyton Educeson Lid  Emal info@rev-ed.co uk  Wob: www mw-ed co uk
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Outline Dimension and Block Diagram
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The tolerance unless classified 10.3mm
MECHANICAL SPECIFICATION
Overall Size 840440 Modle Hg /H1
View Ares 610%158 W/Q B/L 51/97
Dot Size 056*066 EL B 51/97
Dot Pitch 060*070 LED B/L 94/140
PIN ASSIGNMENT ABSOLUTE MAXIMUM RATING
Piano | Symbol Function ltem Symbol | Conditions | Min Max. | Unit
1 Vis Power supply (GND) Power Suoply Vohage Vdd=—Vis - 4] 7 \"4
2 Vdd Power wonly (+5V) LCD Driving Suonly Voltage Vdd=Vee - ] 13 v
3 Vo | Contrant Adun Input Voltage Vi — -03 [vdi+o3] v
4 RS Regnier select ugnal Operatng Temperature Tope MNex 0 50 *C
z Q‘;w ?.:.‘ reed "T'" Storage Temperarue Tug Nex =-20 +70 C
e
7 DB0 | Dote bos bre ELECTRICAL CHARACTERISTICS (Vdd =+5V, Ta =25°C)
8 D81 | Dats bus lee lem Symbol | Conditions Min Iyo Max Unit
k4 DB2 | Dato bus lre Log< Supply Voltase | Vdd - 45 5 55 v
10 DB3 Dats bt line H* Input Voltage Vi -— 2?9 - - v
1" 0!34 Dats bus line "L Inprat Voltege Vi —_ _ - 06 v
12 D35 Dats bus lne T Owoo Vol v — p — — v
13 | 086 | Datobous e o ] Y- 4
14 D87 Dete bus e *L* Output Volage Vo — — —_— 04 A\
15 A Power wooly for LED 3/L (+) Supoly Cutrent Idd —_ ? —_ —_ A
16 K Power swoply for LED B/L (=) LCD Droving Vohage | Vs | Vdd—Vo 43 - 48 \4
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Electrical Characteristics Vdd = 5Vi5%
Vss = OV
Standard value
Applicabl
Item Symbol Condition Min. | Typ. | Maox. Unit P el
Power voltage Vdd 4.5 5.00 5.5 v Vdd
Input H- level voltage VIH 29 — Vdd A"} RS,RIW,E
Input L - level voltage Vi -0.3 — 06 v bBO~DB7
Output H - level volt VOH —lon=0.205mA 2.4 = - v
= o - DBO~DB7
Output L - level voltage Vol loL=1.2mA - - 0.4 \i
VO leskege current h Vin = 0~Vdd -1 — 1.0 HA RD%J‘L “SET
Supply current Idd Vdd = 5V 2 — — mA Vdd
LCD operating voltage Vieo Vdd—Vvo 30 - 1.0 \'s Vo
Timing Characteristics Vdd = SVE5%
Vss = OV
Item Symbol Min. Max Unit
Enablecycletime Tevce 500 —_— ns
Enable pulse width | "High" level Pwen 220 —_ ns
Enablerise /fall time Ter, Ter —_— 25 ns
Set-up time [ rs,R/WE Tas 40 — ns
Addresshold time Tan 10 —_ ns
Dataset-up time TosH 60 —_ ns
Datadelaytime Tooe 60 120 ns
Data hold time (writing) Tw 10 = ns
Data hold time (reading) Tone 20 —_— ns
Clock oscillating frequency Tosc 270(Tve) KHz
Timing Chart
@ FIG.1 WRITE OPERATION @ FIG.2 READ OPERATION
« _fZ K s T TK
p— Vel e | —
T, J [ ™
‘ B, N o ‘ Y, N —
= . —F
L - -
boo- 087 o R weom BT 080087 v st v
(e Dot AP 10 MOOULD) (Rend Duny b MODULE 5 AR
revo] ution Revolstion Education Lid  Email ifo@rev-ed.co uk  Wob www fwed co ull D



63
APPENDIX F

Datasheet LM 317

LM317
3-TERMINAL ADJUSTABLE REGULATOR

SLVS0440 - SEPTEMBER 1997 - REVISED JULY 2003

® Qutput Voltage Range Adjustable From ® Internal Short-Circuit Current Limiting
1.25Vta 37V ® Thermal Overload Protection
® Output Current Greater Than 1.5 A ® Output Safe-Area Compensation
KC (T0-220) PACKAGE KTE PACKAGE
(TOP VIEW) (TOP VIEW)
5 ——— INPUT
ElO —— OutPuT 5 INPUT
3 —ADJ E OUTPUT
° ADJUST
KCS (T0-220) PACKAGE DCY (SOT-223) PACKAGE
c:TOP V)IE\N) (TOP VIEW)
-
= INPUT ] INPUT
E O ——— OUTPUT 5
S ADJ & ] oUTPUT
o
] ADJUST

description/ordering information

The LM317 is an adjustable three-terminal positive-voltage regulator capable of supplying more than 1.5 A over
an output-voltage range of 1.25 V to 37 V. It is exceptionally easy to use and requires only two external resistors
to set the output voltage. Furthermore, both line and load regulation are better than standard fixed regulators.

ORDERING INFORMATION

T PACKAGET PARTNUMBER |  MARKNG
POWER-FLEX (KTE) Reel of 2000 LM317KTER LM317
Tube of 80 LM317DCY
0°C 10 125°C SOT-223 (0CY) Reel of 2500 LM317DCYR L
T0-220 (KC) Tube of 50 LM317KC w317
T0O-220. short shoulder (KCS) | Tube of 20 LM3I17KCS
I Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available

al www.li.comysc/package.

Please be aware that an important notice conceming availability, standard wamranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears al the end of this data sheel.

FROOVCTON OA2) bomaton o owred 1 o putesten dle ; Copyngnt © 2003, Texas Insiruments Incorporaied
g ol o prama T e ‘U TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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LM317
3-TERMINAL ADJUSTABLE REGULATOR

SLYS0440 - SEPTEMBER 1997 - REVISED JULY 2003

recommended operating conditions

MIN  MAX | UNIT
V)=Vg Input-to-output voitage differential 3 37 v
o Output curent 15 A
Ty Operating virtual junction temperature 0 125 °C

electrical characteristics over recommended ranges of operating virtual junction temperature
(unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX| UNIT
Ty=25C 0.01 004
- 4
Line reguiation’ Vi-Vo=3Vtodov Ty=0°C 10 125°C o0z oor| M
T)=25°C V, v A . V,
Load regulation o= 10 MA t0 1500 mA |— vo::v 020 ";: ‘:\:’
Ty=0°C10125°C |2
V25V 03 15| %vo
Thermal regulation 20-ms puise, Ty=25C 0.03 007 | %VoW
ADJUST terminal curment 50 100 pA
Change in
ADJUST serminal Vi=Vg =25V 1040V, Pp S 20 W, lg = 10 mA lo 1500 mA 0.2 5| wA
Reference voltage Vi=-Vo=3V1040 V.Pps20W. g = 10 mA 10 1500 mA 12 125 13 v
Output-voltage
. Stabisty Ty=0°Cl0125°C 0.7 %Vg

Minimum load current

10 maintain regulation Vi-Vo=40V 35 10| ma
Vj-Vgs$15V, Pp <PpmaXx (see Note 1) 15 22

Maximum output current A
V)= Vg $40 V. Pp < Pmax (see Note 1), T) = 25°C 015 04

RMS output noise voltage

(% of Vo) =10 Hzto 10 kHz, Ty=25C 0.003 %V

Ripple rejection Vo =10V, 1=120 Hz Capy = 0wFS A @8

° ) Capy = 10 yF$ 62 64
Long-term stabdity Ty=25°C 0.3 1] %/1k Hrs

T Unless otherwise noted, the following test conditions apply: |V) = Vol = 5 V and IgmAx = 1.5 A, T = 0°C to 125°C. Pulse testing techniques are
used to maintain the junction temperature as close 1o the ambient lemperature as possible.
3Lheraguaﬁonlse:pressedhereaslhepemenbgechmhumvnlbgepeﬂ-\tdmmeanhehpm.
§Capyis connected between the ADJUST lerminal and GND.
NOTE 1: Maximum power dissipation is a function of T j(max), 8 5. and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T j(max) = To)8)A. Operating at the absolute maximum T of 150°C can affect reliability.

“" TEXAS
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MECHANICAL DATA

KCS (R-PSFM-T3)

PLASTIC FLANGE-MOUNT PACKAGE

hd

0.055 (1.40)
0.045 (1,14)

|
o

——A

|

|

N
Exposed

Thermal Pad

0.420 (10.67) 0.185 (4,70)
0.156 (3.96) ¢ 0.380 (9.65) * 0120 (305) 0170 (4.32)
0146 (3.71) 0% ™ 0100 (2.54)
h \
rd Y
4 \\
0.270 (6.86)
&-l A\ 5750 (5
0.507 (12.88)
0.480 (12.19) | 1
& : 0.350 (8.89) : 0.650 (16.51
I 0270 (686) ) 060 (M22) 4 355 (9.0)
| A ! 0.3% (8.38)
b e e J l
A 4
? ? F 3
A\ 0125 (3.18) 0155 ,f;'g')
+ S 3
0.580 (14,73
0.500 (12.70)
1y 2 \J| 3 -
0.035 (0.89) 0070 (1.78)
0028 (07) — M| | 0.045 (1.14)
[$[0.010 (0.25) @)

| ons (292

" 0.080 (2.03)

— 0.024 (0.61) &

0.012 (0,30)

4204749/C  03/2004

NOTES: A Al lineor dimensions ore in inches (millimeters).
B. This drowing is subject to change withoul notice.
Leod dimensions are not conirolled within this areo.
D. Al leod dimensions apply before solder dip.
E. The center lead is in eleclrical conlact wilth the mounling tob.

A\ The chomfer is

optional.

& Thermal pod contour oplional within these dimensions.
AN\ Falls within JEDEC T0-220 voriotion AB, except minimum lead thickness,

i
AL

www.th.com
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FAKULTI KEJURUTERAAN ELEKTRIK & ELEKTRONIK

UNIVERSITI MALAYSIA PAHANG (UMP)
‘ORANG PEMBELIAN KOMPONEN/BAHAN PSM

66

FKEE/PSM/3(A)

Sila isi secara bertaip dalam 3 salinan dan hantar bersama 1 salinan litar projek berkaitan
Komponen yang rosak kerana kecuaian pelajar tidak boleh diganti

::m";:n AIESYAH GHAZALI Nama Penyelia: NOR LAILI ISMAIL
ID No: EC08027 ;a;l;::lrﬂojek: BATTERY LEVEL MONITORING ﬂ::dim bpes:::"i N
Bil | Bahan/Komponen | Spesifikasi H‘:’r'gg‘;':;t Kuantiti “';ggr;'a"'
1 | Resistor 10K RM 0.04 16 RM 0.64
2 100K RM 0.04 10 RM 0.40
3 100 RM 0.04 1 RM 0.04
4 220 RM 0.04 1 RM 0.04
5 330 RM 0.04 2 RM 0.08
6 22K RM 0.04 2 RM 0.08
7 | Electrolyte Capacitor 100u RM0.25 2 RM 0.50
8 | Capacitor 330n RM0.12 1 RM 0.12
9 100n RM 0.30 3 RM 0.90
10 100u RM 0.25 2 RM 0.50
11 22p RM 0.08 2 RM0.16
12 | Voltage Regulator 7805 RM 0.90 1 RM 0.90
13 LM317 1
14 | LED Red RM 0.12 | RM 0.12
15 Yellow RM0.12 1 RM 0.12
16 | Switch ON/OFF RM 0.50 1 RM 0.50
17 | Crystal 12MHZ RM 1.90 1 RM 1.90
18 | MOSFET IRF540 RM 2.10 2 RM 4.20
19 | IC Base 28 PIN RM 0.60 2 RM 1.20
20 | Switch Push Button RM 0.60 4 RM 2.40
21 | Transistor BCS57 RM 1.00 | RM 1.00
22 BC547 RM 0.50 1 RM 0.50
23 | PIC16F876A MICROCONTROLLER RM 25.00 | RM 25.00
24 | Diode 1N4001 RM 0.50 | RM 0.50
25 | LCD 16X2 RM 20.00 1 RM 20.00
26 | Independent Board 1
27 | Soldering Lead 1
28 | Wraping Wire RM 13.50 1 RM 13.50
29 | Header RM 0.80 4 RM 3.20
30 | Crocodile Clip 2
31 | Female Header 1
32 | Heat Sink RM 0.70 2 RM 1.40
33 | Potentiometer 5K RM 2.30 1 RM 2.30
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FKEE/PSM/3(A)
34 | Stand 4
35 | Jumper
36 | Connector 3 way RM 1.20 | RM 1.20
JUMLAH ANGGARAN HARGA RM 92.40
Catatan .

Pengesahan Penyelia: C))*-'Q\- Pengesahan Juruteknik/Pembantu Makmal:

e 3202
FAX LTI KEJJRUTERAAN ELEXTRX § ELEKTRONIK FUN

et S AT AL AV AT NG oot toaianmeesst. | R iesiTTiiiviesei st searesnsusatsnstases st aninn s
26 1) PEKAN
Prin G DARUL MAKLIUR

Tarikh; (9:424AIR0 FAKS . 994249087 L 1| KRR

* satu salinan bagi penyelia, pelajar dan makmal
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