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ABSTRACT

Temperature control is a process to maintain the temperature at certain level. This
process is commonly use in all area of the world. Recently in globalization era, this
process become important element because there are many applications in daily life
involves this process especially server room and green house. Server room works
continuously in 24 hours every day. During the process, server room needs to be
monitored frequently in order to ensure its functional and efficiency especially on
temperature. It is important to study the level of temperature recommended in server
room. This matter must be considered to make sure no disturbance occur in server room
due to unstable temperature. Automatic temperature control referred as the best method
in any application by controlling the temperature automatically. This method shows
significant improvement in temperature control as the process is functioning without
needed support from the human to control all the process. The result obtain from the
process shows the temperature is controlled effectively and more accurate. In addition,
this finding makes human works become easy and system that automatically controlled

and function will be developed.



ABSTRAK

Kawalan suhu adalah proses untuk mengekalkan suhu pada paras yang tertentu.
Proses ini secara umumnya digunakan di seluruh tempat seluruh dunia. Baru-baru ini di
era globalisasi, proses ini menjadi unsur yang penting disebabkan banyak aplikasi dalam
kehidupan seharian melibatkan proses ini khususnya di bilik server dan rumah hijau.
Bilik server bekerja secara berterusan selama 24 jam setiap hari. Semasa proses itu
berjalan, bilik server perlu dipantau secara kerap untuk memastikan fungsi dan
keberkesanannya khususnya terhadap suhu. Adalah satu kepentingan untuk meneliti paras
suhu yang disyorkan dalam bilik server. Perkara ini mesti di ambil kira untuk memastikan
tiada gangguan berlaku dalam bilik server disebabkan suhu yang tidak stabil. Kawalan
suhu secara automatik dirujuk sebagai kaedah paling terbaik dalam mana-mana aplikasi
dengan mengawal suhu secara automatik. Kaedah ini telah menunjukkan pembaikan yang
ketara dalam kawalan suhu disebabkan proses ini berfungsi tanpa memerlukan sokongan
manusia untuk mengawal semua proses. Keputusan yang terhasil daripada proses tersebut
menunjukkan suhu dikawal secara berkesan dan lebih tepat. Tambahan lagi, penemuan
ini membuatkan kerja manusia menjadi mudah dan sistem yang mengawal dan berfungsi

secara automatik akan terhasil.
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CHAPTER 1

INTRODUCTION

1.1 Background

Nowadays, in globalization era there are always the foundation of the new
technologies features every year. Automatic temperature control system become the most
popular features which rapidly gaining its popularity due to its importance to certain
applications. This system utilizes in a room that lack of air conditioning system such as in
server room and green house. The system is designed that is supposed to monitor the
temperature inside a server room. In server room, the temperature is always high and
unstable and human will not able to control the temperature manually. The automatic
system required to control the temperature within the server room is measured by using a
temperature sensor. When the current temperature is below the lower limit of the desired
if it is in the first upper limit 25°C to 40°C, the server room is cooled using a fan. When
the current temperature is within the desired range, no control action is needed. The
current temperature of the room must be continuously displayed on the LCD. In addition
the controller should use LEDs to indicate the current state of temperature in the server

room.



1.2 Objective

1. To implement automatic room temperature control based on temperature sensor.
2. To implement the security system at the room based on password requirement to

unlock the door.

1.3 Project Scopes

There are three scopes in this project:

1. Temperature sensor monitoring the recent value of temperature within the range
2. Fan functioning at certain level of temperature

3. Password requirement to unlock the door

1.4 Research Methodology

i) Literature review to understand the concept and functional of the project.
i) Understand the whole system of hardware and software in sequences.

iii) Design the circuit and build the programming.

iv) Testing the system functional.

v) Combining the both hardware and software system.



Design step of work methodology can be simplified as shown in Figure 1.1
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Figure 1.1: Design Flowcharts.
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15 Thesis Outline

This thesis contains 6 chapters and they are outlined as below:

Chapter 1 explains the introduction that includes concept of temperature control system and

security systems. It also outlines the objectives and scopes of this system.

Chapter 2 describes the literature review from recent issue and gives a brief review about

the past project.

Chapter 3 provides description and discussion on the design of the hardware of each
module in the systems. The module consists of microcontroller board, sensor, and LCD

displays driver circuit and output devices.

Chapter 4 explains the development of the software and system operation. This chapter also

includes the flowchart of the system.

Chapter 5 presents testing and results that conducted to each module. This chapter includes

the integrated system testing which all the modules are combined.

Chapter 6 summarizes the overall conclusion for this thesis and a few future

recommendations.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will review about the server room and available projects on this topic.

2.2 Server Room Overview

A server room is a room that houses mainly computer servers. The term is
generally used for smaller arrangements of servers. Larger groups of servers are housed
in data centers. Server rooms usually contain headless computers connected remotely via
KVM switch, VNC, or remote desktop. [1]

Environmental monitoring is essential in the server rooms and data centers.

Environmental conditions have a huge impact on how reliable and long lived the servers,



switches and routers will be. Bad environmental conditions can reduce the life of

components, decrease reliability, and cause us untold problems and expense.

Computer equipment ages faster when it gets hot. In fact equipment
manufacturers use this property to help eliminate faulty components batches are ’baked’
to test for failing units. The idea is that if a component survives this process then it stands
a good chance of being reliable in service. In general computers operate more reliably
and have a longer life in cooler conditions. The effects of prolonged running at high
temperatures can be unpredictable and are not always characterized by catastrophic

failures.

Computer and networking equipment is designed to operate within a fairly narrow
temperature range. To ensure reliable operation and the longest possible life from

components we need to ensure that the temperature stays within that band.

Purpose built server rooms are well insulated for fire precaution reasons and air
conditioning is essential. In many companies however the maintenance of the air
conditioning is separate from the running of the servers. If the air conditioning fails we
might not be the first to know about it. We may even be the last. [2]

General recommendations suggest that temperature range in server room should
not go below 10°C (50°F) or above 28°C (82°F). Although this seems a wide range these
are the extremes and it is far more common to keep the ambient temperature around 20-

21°C (68-71°F). For a variety of reasons this can sometimes be a tall order. [3]



2.3  Temperature Control System

This project use PIC16F876A to control NPN power transistor (BD135) further
drive DC brushless fans, LEDs and buzzer when the certain temperature was detected.
The value of temperature always displayed on a LCD screen. This project uses two
temperature sensors that placed at different area. This means that temperature can be

measured at different place. [4]

2.4 Door Lock Security

This project will use PIC16F877A, LCD screen and keypad to develop a
password door security system. The system will activate the relay and buzzer if the
password is inserted. The relay controls the door while the buzzer as indicator for
incorrect password. The door used is magnetic door which is automatically open and

close depends to the relay. [5]



CHAPTER 3

SYSTEM DESIGN

3.1 Introduction

The block diagram in Figure 2.1 shows that how the systems operate in a server
room. There are two separate systems which are temperature control systems and security
system. For temperature control system, temperature sensor that is placed in the server
room detects the current temperature and display the value on the LCD. PIC
microcontroller will read data from temperature sensor which is in output voltage. The
system will operate in three different conditions depending on the range of temperature.
If the current value of temperature reaches higher than desired value, the fan will start
functioning and LED indicator for high temperature will on. Then, if the current
temperature reaches at the desired value, the fan stop functioning and LED indicator for
normal state temperature will on. Finally, if the current temperature reaches lower than
desired value, fan will not functioning and LED indicator for cold temperature will on.
Any changes of temperature in the room are continuously displayed on the LCD. In
addition the LEDs are used to indicate the current state and range of temperature in the

server room.



Another features included is security system. The security system used is the door
lock security. This means that user have to insert the password to unlock the door in order
to enter the room. If the correct password inserted, the door will unlock but if incorrect
password inserted, door still lock and buzzer will on. The password that inserted by the
user will displayed on LCD. The temperature control system and security system is not
interact each other. This means that if one of the systems fails, the other system still

functioning without any problem.

The hardware design consists of PIC microcontroller circuit, sensory input circuit,
driver circuit, LCD display module, LEDs and output circuit. The system board is

designed using Bootstrap Mode connection due to the factor of size and cost of the

project.
LED
Temperature Fan
Sensor
PI1C
18F4550
LCD
Keypad Display
Buzzer
F

Figure 3.1: Block diagram of the project
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3.2 Main Components of the Project

In this project there are several components included as each of them have their
specific function and task. These components are selected based on circuit reliability,

function ability, and costs.

3.2.1 PIC Microcontroller

The microcontroller selected is the Microchip PIC18F4550 because of its ease of
use, built in timers, and has many digital inputs and outputs. To avoid extra costs, this
model is most basic that meets all of the design criteria. It is also a fairly new model so it
should be available for year to come. So the PIC18F4550 was the best choice available.

The microcontroller is used to control the whole operation of the system. [1]

The figure 3.2 shows the pin assignment of PIC18F4550. This type of

microcontroller consists of 40 1/O pins.

At 40 [ =—= RB7/KBI3/PGD
39 [] == RB6/KBI2/PGC
38 [1 =— RB5/KBI1/PGM
37 [] =—= RB4/AN11/KBIO/CSSPP
[] < RB3/AN9/CCP2)/ VPO
35 [] =—» RB2/ANS/INT2/VMO
34 [] =—= RB1/AN10/INT1/SCK/SCL
33 [] =— RBO/AN12/INTO/FLTO/SDI/SDA

MCLR/NVPP/RE3 —= []]

RAO/ANO <— []

RA1/AN1 <— []
RA2/AN2/VREF-/CVREF <— [
RA3/AN3/VREF+ <—[]
RA4/TOCKI/C10UT/RCV <—=[]
RA5/AN4/SS/HLVDIN/C20UT —=—[]
REO/AN5/CK1SPP <—[]

ONO GOSN -
w
=3

RE1/AN6/CK2SPP =— [ 9 3 E 30 [] =——— VoD
RE2/AN7/OESPP <—[] 10 5 31 [] =— Vss
VoD — ] 11 0 30 [ -] =— RD7/SPP7/P1D
Vss . []12 o0 29 [1 =— RD6/SPP6/P1C
OSC1/CLKI —[] 13 <t 28 [] =—» RD5/SPP5/P1B
OSC2/CLKO/RA6 «——[] 14 27 [] «——» RD4/SPP4
RCO/T10SO/T13CKI =—[] 15 26 [1 =—= RC7/RX/DT/SDO
RC1/T10SI/CCP2("/UOE <[] 16 25 [] =— RCB/TX/CK
RC2/CCP1/P1A <[] 17 24 [] =~—» RC5/D+/VP
Vuss <—[] 18 23 [] =— RC4/D-/VM
RDO/SPPO <—[] 19 25 [] =—» RD3/SPP3
RD1/SPP1 ~<—[] 20 21 [] =—» RD2/SPP2

Figure 3.2: PIC18F4550 schematic diagram
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3.2.2 Temperature sensor LM35DZ

Temperature sensor LM35DZ is an integrated circuit sensor that can be used to
measure temperature with an electrical output proportional to the temperature in degree
Celsius (°C). [6]

Figure 3.3: LM35

3.2.3 LCD Display

LCD is an electronically-modulated optical device shaped into a thin, flat panel
made up of any number of color or monochrome pixels filled with liquid crystals and

arrayed in front of a light source (backlight) or reflector.

The type of LCD used is alphanumeric with 2 lines of 16 characters as shown in

figure 3.4.



Figure 3.4: LCD Display

12

Table 3.1 shows the pin connection of LCD to PIC microcontroller.

Table 3.1: LCD pin connection

Pin | Name [ Pin function Connection
1 |VSS Ground GND
2 VCC | Positive supply for LCD 5V
3 VEE [ Contrast adjust Connected to a preset for
contrast adjusting
4 RS Select register, select instruction | RD2
or data register
5 R/W | Select read or write GND
6 E Start data read or write RD3
7 DBO Data bus pin RBO
8 DB1 Data bus pin RB1
9 DB2 Data bus pin RB2
10 | DB3 Data bus pin RB3
11 (DB4 Data bus pin RB4
12 [ DB5 Data bus pin RB5
13 [ DB6 Data bus pin RB6
14 | DB7 Data bus pin RB7
15 | LED+ | Backlight positive input 5V
16 | LED- [ Backlight negative input GND
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3.24 Keypad

The features of 4x4 keypad used where users have to key in the numbers or
alphabet and the messages displayed on the LCD. The keypad only has keys labeled 0-9,

*and #, and A-D. In this project, keypad is used to insert the password.

Figure 3.5 shows the figure of 4x4 keypad.

Figure 3.5: Keypad

3.2.5 Power Transistor

BD135 is used for controlling the DC fan with sufficient current. In this project,
PIC cannot directly activate the DC fan because it has not enough current. NPN power

transistor (BD139) is required to drive the fan, so that DC fan can be controlled by PIC.

The figure 3.6 shows the schematic diagram of BD135.



PINNING

PIN

DESCRIPTION

1

emitter

2

collector, connected to metal part of
mounting surface

3

base

N
-

it

1 U 2 U BU Top view MAM254

Fig.1 Simplified outline (TO-126; SOT32) and
symbol.

Figure 3.6: BD135 schematic diagram

3.2.6 DC Fan

14

DC Fan is a 5V brushless fan that acts as the cooling system in this project.
It will function if the temperature is high.
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3.2.7 Buzzer

Buzzer act as indicator that give the signal through the sound produced as

output. In this project, buzzer use to give warning signal for incorrect password.

3.28 LED

Three LEDs are used as indicator of current state of temperature. The
LED’s will represent in different color so that it is easier to recognize the range of

temperature at different level.
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3.3  PIC Microcontroller System Board

PIC Microcontroller system board module consists of power circuit and clock
circuit. These circuits are the most important parts that support the basic operation of PIC
microcontroller. One LED included as the indicator to make sure that PIC
microcontroller is supplied and power up. Figure 3.7 shows the schematic diagram for

PIC microcontroller system board circuit.

Power Circuit

:Hu

ulr
=l

Clock Circuit

Figure 3.7: PIC Microcontroller System Board Circuit
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3.3.1 Power Circuit

A voltage regulator is used to regulate the output voltage at 5V constantly
throughout the whole circuit. This is important to prevent any damage on the components
especially microcontroller from high load voltage. In this project, voltage regulator

LM7805 is used to regulate 5V voltage. Figure 3.8 shows the schematic diagram for
voltage regulator.

Figure 3.8: Power Circuit
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3.3.2 Clock Circuit

In order to provide clock to the microcontroller system, a 20MHz crystal is used.
The crystal is connected to the pin 13 and 14 at the PIC microcontroller. This crystal can
give effects on how fast the programming is read by the PIC microcontroller. Figure 3.9

shows the schematic diagram of clock circuit.

LD

AL

Clock Circuit

Figure 3.9: Clock Circuit
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3.3  Temperature sensor circuit

The LM35DZ is functioning from the output voltage produced by the sensor. This
sensor has capacitor 0.1uF that is connected to output and ground pin out to reduce
electrical noise that occurs during measurement process of the sensor. Resistor of 100Q is
connected to input voltage of the sensor to control and avoid from high current. The
output voltage produced is proportional to the value of temperature in degree Celsius.
This data will be converted to byte value by the PIC programming. Figure 3.10 indicates

the schematic diagram of temperature sensor circuit.

1¢

i
)
]

LT LT Y D M
(SR f :"f HEG6E

a 4
o - MNCIR B —
4 — a0 e f—
—3 1 ¥ REs o
—_— a2 fzo f—
— 3z RE 0
— 3 e 2
— sac 5Bl f— _,
— FEO RED _: T
0.1 MICROFARAD 0 | i

i
]

1%

o

5 ot
=[ =

Clock Circuit

Figure 3.10: Temperature Sensor LM35 Circuit
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3.4  LCD Display circuit

JHD 162 series is chosen as LCD display in this project. A simplified circuit is
shown in Figure 3.11. Register Select pin (RS) is connected to PD2. It is used to
determine if the operation is intended as a command or data. Similarly, Read/Write pin
(R/W) is connected to ground and PD3 of microcontroller is connected to Enable pin (E).
The LCD module is wired for a 8 bit mode which DB0-DB7 are connected to port B.

L1
1
1 —_— 40
—2 MCLE/VEP RBFEGD m
3 RANAND RB&PGC g
3 RALANT RB3 P
S RAZANIVREF-/CVREF RE4 T
5 RAIANIVREEF+ RE3/PGM =
5 RA4J'TDCK£C]OUT REZ m
A RASAN4/ES/C20UT EEBI n
5 REORD/ANS REOJINT m 16
0 REL/WER/ANG VDD A VDD Ve s LED-
m REZ/CSIANT WaS o Vel VDD 4 LED+
T VDD RDFPSPT T T LEB7
T Vel RD6/PIPE m = DEBG
T OSCICLEIN RDS/PSPS - m LBa
G OECCLEOUT RD4/PEP4 7 T LB4
T RCOTIOSOITICK] RCHRI/DT R 5 DB3
7 RCUTIOSICCP2 RCHTHICK N P LEBZ
T RCZ/CCFL RC5/5D0O = = LBl
T RC3BCK/SCL RC4/DIEDA > ; LED
T RDO/PSPD RD3PSP3 51 z I
RDM/PSPL RD2PSP2 —_l VaE 3 RIW
3 RS
> WVEE
KES Wal
VEE VDD

R\ F
VR LCD
Figure 3.11: LCD Circuit
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35 LED and Buzzer

LEDs are included as an indicator to show the current state of temperature in the
server room. Three different colours of LEDs such as red, yellow and green are used.
Each of them represent to indicate specified range where the temperature. For
temperature that higher than 35°C, red LED is turned on. For temperature that within the
range of 20°C until 35°C, green LED is turned on. For temperature that below than 20°C,

yellow LED is turned on.

Buzzer is included as an indicator to show the signal warning. It will activate if

user inserted incorrect password but will not activate if correct password inserted.
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CHAPTER 4

SOFTWARE DEVELOPMENT

4.1 Introduction

Microcode Studio software is used to develop the program for this project.
Program is written in basic language, and then it is compiled to make sure there is no
error occurred in the program. The program will be written into PIC microcontroller by
using PIC burner. The PIC microcontroller must be inserted into the PIC burner that is
communicating with PC as shown in Figure 4.1 and select the pin use for burning process.
There are few steps to be done before the program is verified and programmed into the
microcontroller by using PICKit 2 Programmer.

Figure 4.1: PIC burner



4.2  Steps in programming the PIC microcontroller

There are a few important steps required to program the PIC microcontroller. Two
software are used for completing this task. Microcode Studio application is used for
creating and compile the program while PICKit 2 Programmer application is used to

write the program into PIC microcontroller. The important steps included in this process

are:

1. Run Microcode Studio application and load the program. Select the type of PIC
microcontroller. This is important to make sure the program is suitable with the PIC

microcontroller used.

@ MicroCode Studio - PICBASIC PRO (Untitled.pbp)

: File Edit Yiew Project Help

DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE

: o e e s

f\j:_b = (‘?;'g;ﬁﬁ’ o= a=

i 48] ~ L), ~ [18r4ss0 v :

———[18F4525 -~

| =] untitled | (5] 11854533 3

[ t b ok o o ok o o+ o 1BF453 sk ok o o o o o oF oF ob b ok ok ok ok b b b o o o oF oF oF ok ok ok ok b b o o o o oF oF oF oF oF ok ok ok b A A
T Name }gi:ggg ED.BAas *
4 AuthdisF4sin t VIEW...EDITOR OPTIONS] *
"4 NotidlSF4620 ¥lght (c) 2009 [select VIEW...EDITOR OPTIONS] #*
ok : All Rights Reserved *
'+ Date : 4/6/2009 *
't Version : 1.0 *
'+ Notes *
* o *

LI b b b o b o o e e o o e o o o o o e o e o o o e o o o o o

O8C 20 ' Use Oscillator 20 MHz

LCD_DREG PORTB' Set LCD Data port

LCD_DBIT 4 ' Set starting Data bit (0 or 4) if 4-bit bus
LCD_RSREG PORTD ' Set LCD Register Select port
LCD_RSBIT 2 ' Set LCD Register Select bit
LCD_EREG PORTD ' Set LCD Enable port

LCD_EBIT 3 ' Set LCD Enable bit

LCD_BITS 4 ' Set LCD bus size (4 or & bits)
LCD_LINES 2 ' Set number of lines on LCD
LCD_COMMANDUS 2000 ' Set command delay time in us
LCD_DATAUS 50 ' Set data delay time in us

Figure 4.2: Select the type of PIC microcontroller used




2.

Compile the program. This is to ensure no error occurred in the program.

@ MicroCode St

udio - PICBASIC PRO (Untitled. pbp)

ok

DEFINE 08
DEFINE IC
DEFIHE LC
DEFIHE LC
DEFIHE LC
DEFINE IC
DEFIHE LC
DEFIHE LC
DEFIHNE LC
DEFINE IC
DEFINE IC

'trish =

Paiddad =

: File Edit view {22 Help
Q2L P = =
: lj o . Compile and Program F10 @ Ade [ == =
ias] v 13y v|  Program Fi1
\ | Untitled | o
¥‘AT;;;;;**V Program: CH+EID
' Name UNTITLED.BAS
'+  Author {select VIEW...EDITOR OPTIONS]
'* Notice : Copyright (c) 2009 [select VIEW...EDITOR OPTIONS]
v : A1l Rights Reserved
'+ Date 4/6/2009
'* Version : L.0
'+ Notes

P ok ok ok ok b o ot ok ok ok b o ot ok ok ok ok ob o ok ok ok ok ob o b ok ok ok b o ok ok ok ok ok o b ok ok ok ok b ot b ok ok ok o o ob ok ok ok b o ot ok ok ok b b ob ok

¢ 20 ' Use Oscillator 20 MHz
D_DREG PORTB' Set LCD Data port

D _DBIT 4 ' Set starting Date bit (0 or 4) if 4-bit bus
D_RSREG PORTD ' Set LCD Register Select port
D_RSBIT 2 ' Set LCD Register Select bit

D_EREG PORTD ' Set LCD Enable port
D_EBIT 3 ' Set LCD Enable bit

D_BITS 4 ' Set LCD bus size (4 or 8 bits)
D_LINES 2 ' Set number of lines on LCD
D_COMMANDUSZ 2000 ' Set command delay time in us
D_DATAUS 50 ' Set data delay time in us

300000000

ennnnnnnn

Figure 4.3: Compile the program
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3. Run PICKIit 2 Programmer application. Select check communication. This is to

ensure the PIC burner is connected to the PC.

™" PICkit 2 Programmer

Checksum: 8358

Enable Code Protect
Enable Data Protect

== Ao A L rogrammer _Zl',—ti_:@is_] Wiew Help
PIC18F Configuration
Device: PIC18F4550
User IDs: FF FF FF FF FF FF FF F|

Target ¥DD Source
—alib = O & Set | C
Use YPP First Program Entry

Fast Programming

Ctrl+P
Ctrl+D

S5

DCHIP

Read

Program Memory

Check Communication

Troubleshoot

EEPROM Data

nabled

I;Iékit“ 2

Figure 4.4: Check communication between PC and PIC burner
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Select erase to clear the PIC microcontroller. This is to ensure there is no other

program in PIC microcontroller and avoid the error when writing the program into PIC

microcontroller.

'PICkit 2 Programmer

File Device Family Programmer Tools Yiew Help
PIC18F Configuration

Device: PIC18F4550 Configuration: 0500 1F1F 8300 0085
UserIDs:  FF FF FF FF FF FF FF FF COUESREQUE SR AULE
Checksum: 8358

Erasing device...Complete G MICRDCHIP
( ] YDD Target ; —

[] Check [5.0 ‘
[ Read l [ Wwrite ] [ Yerify ] [ Erase ] [ Blank Check ] [] /MCLR =)

Program Memory
Enabled [Hex Only ~ | Source: None [Empty/Erased]

oooo FFFF FFFF FFEF EEFE FFFF FFFF FFFF FFFF &8
oo0l0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
oozo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
o030 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
o040 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ooso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
0060 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
o070 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
ooso FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
o0so FFFF EEEF; FFFF FFFF FFFF FFFF EEFE FFFF
0040 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
00EBOD FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF

EEPROM Data
e ——— Auto Import Hex
Enabled |Hex Only ~ | + WWirite Device
i O—
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF & Read Device +
10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Export Hex File

20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF i
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 8§ P|Cklt 2

Figure 4.5: Erasing any of the programs in the PIC microcontroller
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5. Load the program and select write to burn the program into PIC microcontroller.

The PIC microcontroller is programmed.

"'PICkit 2 Programmer

File  Device Family Tools  View

PIC18F Configuration

PIC18F4550
FF FF FF FF FF FF FF FF
ABBE

Programmer

Device:
User IDs:

Checksum:

Help

Configuration:

[------------------------------------------]

| Read || wiite || veity || Erase || Blank Check |

Program Memory

CE24 OF3F
COOF  EOOF  400F

8500 0021

T S\ Micmock

VDD Target

[] Check
[] /MCLR

N

Enabled lHex Only ~ | Source: C:H. .ingshakmal\DesktopifarishProgram. HEX

o000 6Al14 EFFF Fooo S0ES
0010 9695 9495 9495 OEOF
oozo OE3A 6EO0L 0ESS ECAC
0030 OEL13 6EOL OESS ECAC
0040 Fooo Dszs 0OEG4 ECAB
0050 0EZS D507 0OEOC D305
0060 Dool 5014 6E06 A0l4
0070 DsoD 0OEO7 6EO01 OEDO
0080 5014 0OSFE B4DS EFFC
00s0 8683 OEOF 1681 5006
00AD EOl4 D7F5 0E3Z ECAB
00EBOD SE15 sS009 E4DS SE15

6EO07
1693
FOOoo
FOOO
FOOoOo
0EO6
DOOB
ECAC
FOOoO
OBFO
FOOOo
0EOS

9683
5007
0E33
Dsz9
0EzZZ
D803
9483
Fooo
5483
1281
S0D38
6EO0S

9483 9453 A
Bzl4 Dozz
6EO0G6 D8ZF
0OE64 ECAB
G6EO06 DE81F
8214 5007
0803 E30E
S0D8 001z
A0l4 2014
9683 3A06
EFFC Fooo
0OEZ27 6E03 v

EEPROM Data

Enabled | Hex Only ~

Auto Import Hex
+Wirite Device

003 FE-FF- FFFF<FF.“FF FF FE FE:FF-FF
10 FF FF FF FF FF FF FF FF FF FF FF
20a| FF :FF: FF “FF-FF-“FF FF:FF:FF :FE:FF
300 FF FF FF FF FF FF FF FF FF FF FF

FF FF FF FF FF
FF FF FF FF FF
FF FF FF FF FF
FF FF FF FF FF

23

v

Read Device +
Export Hex File

PICkit™ 2

;

Figure 4.6: Writing the program into PIC microcontroller success
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4.3  Temperature Control System Software Development

Once the system is powered up, temperature is detected by temperature sensor
LM35 respectively. The values are sent to PIC microcontroller for manipulation purpose.
The current temperature values are represented at output voltage of LM35. The output

voltage is in analog form and the value will be converted to byte value.

Byte value = Output voltage X 28 bits/5V

For example if the output voltage of LM35 is 0.32V at 30°C, the byte value that
represent for the temperature at 30°C is:

Byte value = 0.32 x 256/5
= 0.32 x51.2
= 16.38
= 16

These conversions cause the value of temperature is represented in digital byte
form. Each of byte values are used to represent temperature range which each these
ranges is supposed to trigger output. The calculation of the byte value is not the process
of analog digital conversion because this process will be done by PIC microcontroller.
The byte value is used for representative value in programming due to programming can
only execute the data in digital form. These values are also declared into decimal form to

display them on LCD.



Figure 4.7 shows the software development of temperature control system

ADC process the
analog input from
LM35

\E

Display
temperature at
LCD

Temperature
= 20°C and

= 35°C

Yellow LED
activated

Green LED
activated

Red LED& Fan
activated

Figure 4.10: Flow Chart of Temperature Control System
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CHAPTER 5

RESULT

51 Introduction

Extensive testing has been performed part by part on the developed system and

the approach taken in executing the various tests are discussed in this chapter.

In developing temperature control system, various tests are conducted. The tests
include input sensory module testing, PIC microcontroller board testing and LCD display
test. These tests conducted to make sure all the systems part function well due to most of
the part system are interact each other. Each module is integrated into a single system to

produce a fully functioning temperature control system.



5.2  Flowchart of the whole system

The figure 5.1 shows the flowchart of result for the whole project. Since there are
two different systems which are temperature control system and security system in this

project, the results can be obtained from either system or both. This is because the two

systems are not interacting each other.

2
ADC process the
analog input from
LM35

L

Display
temperature at
LCD

Insert password

i

Temperature
<20°C

Yellow LED
activated

Display the
password at LCD

Temperature
> 20°C and
<35°C

Green LED
activated

Temperature
>35°C

Red LED& Fan
activated

Door unlock

Buzzer activated

Figure 5.1: Flowchart for whole project operation
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5.3  PIC Microcontroller Circuit Testing

Microcontroller system board is designed as shown in Figure 5.2.

A basic program as shown in Table 5.1 is compiled and programmed into the
microcontroller. The purpose of this test is to ensure that PIC microcontroller can
program the hardware and test its reliability. This test also can detect whether the basic
PIC circuit functioning well. When the program is executed, a simple blinking LED
display is produced and this verifies that PIC microcontroller circuit system is

successfully designed.

(iND

¥ 1] Y] 11 (9 T
LY R Y R T Y Y R e

Clock Circuit

Figure 5.2: PIC microcontroller circuit testing



Table 5.1: LED Testing Program

DEFINE OSC 20

LED:
LOW
PAUSE
HIGH
PAUSE
GOTO

PORTB.7
500
PORTB.7

500

LED

33
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LCD Module Testing

34

In order to test the LCD functionality, the circuit as shown in Figure 5.3 is

connected. Then, a simple program to display your name on LCD as shown in Figure 5.4

is written and compiled. When the program is executed, the LCD will display your name.

Therefore, it is concluded that LCD module testing is successfully completed and can be

used for display purposes.

L1

U1
L= 40
— 0 MCIRPP RBYPCD —¢
=— RAUAND RBOPGC —=
- RALANI RBS —=
= RAZ/ANVREF-/CVREF RB4 ——
= RAJANKVREF+ RE3PCM —=
—— RA4TICKICIOUT RBI ==
1 RASIAN4SSIC200T RBL —=
> REDRD/ANS RBO/INT —= i
1 REUWRIANS VDD ﬂ %E LED-
— ] REZCS/ANT vss ——— VS VDD = LED*
= VDD RDPSPT — 7T DB
7T Vs RDGIPSPS —== T DB
= OSCH/CLKIN RDS(PSPS —= 7T DES
——> 0SCUCLKOUT RDA/PSP4 —= == DB4
= RCUTIOSOITICKI RCVRYDT —= ST D
= RCUTIOSUCCE? RCETRICK —= =— DB2
= RCYCCP! RCSISDO (—== —— DBI
T ROISCKISCL RCY/SDISDA —= —{ D50
—— RDUPSHC RD3PSPI —5: i
RD1/PSPI RDPSF2 VES —— RW
T ES
- TEE
Vas Ve
VaS VDD

HOVR

Figure 5.3: LCD connection diagram

LCD
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Figure 5.4 shows the basic LCD display testing source code. This is to ensure that

LCD is functioning well

Name
Author
Notice

Date
Version
Notes

T LR R T

LE

T o3k oF ok oF oF oF oF oF oF oF oF o oF 3 oF o oF oF oF oF oF oF oF oF o oF ok oF oF oF oF oF oF o oF o oF o oF oF oF oF oF oF oF oF o oF o oF oF oF oF oF oF oF oF oF oF oF oF oF oF

DEFIHE 0OSC
DEFINE LCD__
DEFINHE LCD_
DEFINHE LCD_
DEFIHE LCD__
DEFINE LCD__
DEFINHE LCD__
DEFINE LCD_
DEFINE LCD_
DEFINE LCD__
DEFINHE LCD_
Main:

LCDOUT
LCDOUT
LCDOUT
LCDOUT
PAUSE =Z
LCDOUT
GOTO Na
END

UWITTLED.BAS

20 " Use Oscillator 20 MHz

DREG PORTE ' Set LCD Data port

DEIT 0 ' Set starting Data bit (0 or 4) 1if 4—bit
RSREG PORTD ' Set LCOD Register Select port
RSBIT Z ' Set LCD Register Select bit

EREG PORTD ' Set LCD Enable port

EBIT 3 ' Set LCD Enable bit

BITS 8 ' Set LCD bus size (4 or 8 bits)

LINES 2 ' Set number of l1lines on LCD
COMMANDUS Z000 ' Set command delay time in us
DATAUS 50 " Set data delay time in us

SFE, $02 ' Send Command To Clear Screen

"a2hmad Faris"™' Show Text on Line 1

SFE, $C0 ' Set Cursor on Line 2

"Zulkifli"™ ' Show Text onr Line 2

ooo

SFE, $01 ' Send Command To Clear Screen

in

Figure 5.4: LCD testing code

fselect VIEW...EDITOR OPITIONS]
: Copyright (c) 2009 (fselect VIEW...EDITOR OPTIONS]
: A1l Rights Reserved
: 47572009
O e 2

bus

CHEE g AT R R
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5.4 Input Sensory Module Testing

A simple manual test is performed on temperature sensor LM35. Initially, output
voltage of this sensor LM35 is measured by using a multimeter. In the same time, the
current temperature value close to the sensor is measured by a thermometer. There are
three tests done to detect the output voltage at different temperature. Firstly we measure
the output voltage of the sensor at room temperature. Secondly, we measure the output
voltage of the sensor at cold level with measuring the temperature of ice mixed with salt.
This is the way to decrease the temperature. Finally, we measure the output voltage of the
sensor at hot level with measuring the temperature by placing the sensor near a lit candle.
This is the way to increase the temperature. The results that we can get from these tests
are the output voltage decrease when temperature decreases and the output voltage
increase when the temperature increases. This shows that output voltage of the sensor is
proportional to the Celsius temperature. Hence, based on the experiment mentioned
earlier, a conversion program is written to convert the output voltage of the sensor into
byte value. The temperature is sensed by LM35 as shown in Figure 5.5. The internal A/D
Converter in microcontroller converts the analogue data into digital form. This data is in
output voltage which is converted to byte form. Then, it is converted again into
centigrade scale through a required formula in the program. Next, the data is declared
into decimal form in order to display the current temperature on LCD. When the program
is executed, temperature will be sensed by the sensor and the values are being displayed
on LCD.
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5.5  Result of Output Voltage of LM35

Table 5.2 shows the output voltage of temperature sensor LM35 at certain
temperature. All the output voltages of LM35 that are listed in the table are converted to
byte value. However, the byte values which have point must be changed to integer. It is
because PIC program can only read integer values. Then, a graph is sketched and any two

points are used in calculation of linear equation (y = mx + c).

Table 5.2: Output Voltage of LM35

Temperature (°C) Output Voltage (V) Byte Value
0 0.10 5
20 0.22 11
30 0.32 16
40 0.45 23
50 0.60 31
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Figure 5.5 shows the graph of temperature change with byte value

Temperature °C
60
50
40
30
20

10
0 / { { {
Byte

5 11 16 23 31 Value

Figure 5.5: Graph temperature versus byte value

From the graph the linear equation 7y = 10x + 50 is determined and must be included in the PIC
program for LCD display. It will convert the byte value to centigrade scale of current

temperature and when the temperature changes.
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CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This project is not fully completed and all the objectives are not accomplished.
The temperature control system is able to detect and control temperature in server room
automatically but the LCD failed to display the value of temperature. This is due to
hardware failure on LCD. When this failure occurs, the temperature value and password

value inserted by the user will not be displayed on LCD.

This system is suitable to be used as temperature controller inside a server room
when server room cooling system fails to operate properly or temperature range is out of
normal. It should be a backup system to turn back undesired temperature range to normal

range.



6.2

40

Problem Encounter

Small range temperature detection
- The temperature sensor LM35 has high sensitivity but small range
temperature detection. As a result, the sensor will only able to detect the

temperature changes effectively at the range that is very close to the sensor

Sensor easy to damage
- The temperature sensor LM35 can only operate in low current value only. It
means that this sensor is easily damage and out of function if over current

occurs in the temperature sensor circuit.

LCD error
- The problem of LCD in this project is the LCD unable to display the value of
temperature and password value. LCD is functioning as it has power up but it

fail to display any value.
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Recommendation

This system has successfully demonstrated temperature control system but not
successfully in security system. Future recommendation on this project is

included as below:

Bead of epoxy must be used to cover up the wires and leads which connected to
the sensor LM35. This is to ensure that the leads and wires are all at the same
temperature as the surface, and that the LM35 temperature detection will not be
affected by the air temperature. This can reduce the uncertainty of the value
detected by temperature sensor and also improve it in measuring the temperature

accurately.

Use more temperature sensor to monitor temperature in different location. For this
project, only one temperature sensor is used and it will detect the temperature at
one location only. Besides that, if one of the sensor is not function, there we still

have other sensor so that the system still functioning continuously.

Use the high range detection and high sensitivity temperature sensor to monitor
the temperature effectively in spacious room. The LM35 temperature sensor is

high sensitivity but the range detection is small.

Use 7 segment displays and VB software as back up and additional application. 7
segment displays can be used as back up system if the LCD fail to function as the

temperature and password value still can be displayed. The VB software also can
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be used to display the value of temperature and password by interface it to the

hardware during circuit operation.

Costing and Commercialization

This project consists of one main board circuits. The overall cost of the whole
project is approximately RM300 and this is an affordable price for consumer to
use temperature control system in their daily life as this application is able to
control the temperature in server room automatically. It is an efficient
professional meteorological system satisfies the needs of customers in term of
costs, functionality and efficiency. Therefore, this proves that why this application

always has high commercialization potential in the existing market.
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162A

® GENERAL SPECIFICATION
Interface with 4-bit or 8-bit MPU(directly connected M6800 serial MPU)
Display Specification
Display color-Display background color: (DSTN: Yellow-Green,Blue-Gray, Black-White
(DTN: PositionNegative
Polarizer mode: Positive Negative;Reflective , Transflective, Transmissive
Viewmg angle: 6:00 OR 12:00
Display duty: 1/16  Dnving bias: 1/5
Character Generator ROM (CGROM): 10080 bits{ 208 characterX5X8 dots)&(32 character
X5X11 dots)
Character Generator RAM (CGRAM ): 64 X 8 bits (8 characters X5X8 dats)

Display Data RAM (DDRAM): B0XE bits ( 80 characters max)

Mechanical characteristics (Unit:mm)
Extenal dimension: 84.0X44.0X10.0 (15.0 for LED Backlight)
View area; 61.0X15.8 Character font: 5X7dots+cursor
Charmacter size: 2.96X5.56 Dots size: 0.528X0.625

Character pitch: 3.55X6.15

POWER: +5V power
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162A
® Optical Characteristics
(1) Definition of viewing Angle
TOP TOP
- J /
g /
BOTTOM BOTTOM
(2) Definmition of Contrast Ratio:

Reflectance value of non-selecied stake brighiness
Contrast Ratio =

Reflectance value of selected ftate brightness
Test condition : standard A light source

(3) Respomse Time
Response time is measured a8 the shortest period of time possible between the change
in stste of @ LCD segment & demomstrated below

V
1
i
| B
n
Lo *IY --------- 7
I li
1t -4
T
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® [xternal Dimension
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162A

® Absolute Maximum Ratings

Standard Value
Item Symbaol Comdition Unit
Min Max
Supply Voltage for logic Vdd 0.3 7.0 \'
Supply Voltage for LCD V3 Ta=257 Vdd-13.5 0 v
Input Voltage Vi 03 Vdd+0.3 v
Operating Temperature Top - 0 50 C
Storage Temperiune Tslg - -0 70 C
® Electrical Characteristics (Ta=25C, Vdd=5.0V)
) Standard Value .
Item Symbal Condition LUnit
Min Type Max
Supply Voltage for logic Vdd-GND - 4.5 50 5.5 v
Supply Current for logic 1dd 1.5 30 mA
Driving Current for LCD ke - 04 1.0 mA
Driving Voltage for LCD Vdd-V5 Vdd=5Vv LR 45 49 V
Input Voltage H level Vih 2.2 - Vdd WV
Imput Voltage L level Vil 03 0.6 vV
Cutput Voltage “H” Woh loh=-0.205mA 24 - - v
Output Voltage “L" Vol lol=1 2mA 04 v
® Absolute Maximum Ratings For LED Backlight
PARAMETER | SYMBOL| CONDITION MIN, | TYP. | MAX, | UNIT
Supply Voltage VLIED If=200mA - 4.2 - v
LED Forward P
Consumption Cumrent i V=42V 83 0
LED Allowable pd . . 350 . mw
Dissipation
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162A

® Block Diagram

GND
Vdd
V3
RS
R/W
E

DBO-DB7

COMI6

16X 2CHARACTER
LCD  PANEL

AN

SEGRO

LCD  DRIVER

LED BACKLIGHT
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® AC Characteristics (Vdd=4.5V~5.5V, Ta=-30~+857C)

Mode Charactenistic Symbaol Min. | Typ. | Max. | Unit
E Cycle Time te 500 - -
E Rise/Fall Time ety . 20
E Pulse Width (High,Low) tw 230 - -
Wnte Mode | R'W and RS Setup Time taun 40 - - ns
R'W and RS Hold Time Ly 10 -
Data Setup Time La i B0 - -
Data Hold Time b 10 .
E Cycle Tune lg 500 - -
E Rise/Fall Time (M . - i |
E Pulse Width (High,Low) tw 230 - -
Read Mode | R'W and RS Setup Time tsu 40 - - ns
R'W and RS Hold Time tH 10 - -
Data Output Delay Time ty - - 120
Data Hold Time Lon 5 - .
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&National Semiconductor

LM35

November 2000

Precision Centigrade Temperature Sensors

General Description

The LM35 senes are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or tnmming fo provide typical accuracies of £14°C
at room temperature and £34°C over a full =55 to +150°C
temperature range. Low cost is assured by timming and
calibration at the wafer level. The LM35's low output imped-
ance, linear outpuf, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a —-55° to +150°C temperature range,
while the LM35C is rated for a —40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

aged in hermetic TO-46 ftransistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an &-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/*C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
MNonlinearity only £14°C typical

Low impedance output, 0.1 £ for 1 mA load

Typical Applications

+Vs
4V TO 20V)
OUTPUT
M35 = 5w 10.0 meret

—3
=
DE00ss1E-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

g

LM35 Vout

J_ R1

DE005516-4
Choose Ry = -Wg/50 pa
W guT=+1,500 mV at +150°C
= +250 mV at +25°C
= —550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

& 2000 Mational Semicenductor Corporation

05005516

www.national com
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LM35

46

Connection Diagrams

TO-46
Metal Can Package®

BOTTOM VIEW
DaIsE e

*Case is connected to negative pin (GMNDO)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or

LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

BOTTOM VIEW

DE00SE1E-2

Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

S08
Small Outline Molded Package
S
Your =11 B = #Vg
HE.—2 7T=HL
HC — 3 6 —M.C.
GHD — 4 5w
D3005516-21
N.C. = No Connection
Top View

Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

O

LM
3307

Vg Your
GND
DE0155E-24
*Tak is connected to the negative pin (GHND).
Note: The LM350T pinout is different than the discontinued LM3E5DF.
Order Number LM35DT

See NS Package Number TAO3F

www.national.com



Absolute Maximum Ratings (note 10)

TO-92 and TO-220 Package,

If Military/Aerospace specified devices are required, (Soldering, 10 seconds) 260°C
please contact the National Semiconductor Sales Office/ S0 Package (Note 12)
Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
g‘;‘t’gg t:gl'tt:g: +ig$ E :?ﬁx ESD Susceptibility (Note 11) 2500V
Output Current 10 mA (S ;:;lﬂ;}d Operating Temperature Range: Tpm 10 T wax
Storage Temp.; LM35, LM35A -55°C to +150°C
TO-46 Package, —60°C 1o +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60°C to +150°C LM3ED 0°C to +100°C
50-8 Package, —65°C to +150°C
TO-220 Package, -66°C to +150°C
Lead Temp.:
TO-45 Package,
{Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Mote 4) (MNote &) (MNote 4) (Mote 5)
Accuracy T ,=#25°C +0.2 +05 +0.2 +0.5 ‘C
(Mote T) T .=-10°C 0.3 +0.3 +1.0 °C
T &= Thpax 04 1.0 +0.4 +1.0 °C
T &= T 04 +1.0 +0.4 +1.5 ‘C
Nonlinearity T =T 2= g +0.18 £0.35 10.15 0.3 °C
(Note &)
Sensor Gain T =T a=Tppax +10.0 +9.9, +10.0 +9.9, mv/*C
(Average Slope) +10.1 +10.1
Load Regulation T ,=#25°C +04 +1.0 +0.4 +1.0 mY/mA
(Mote 3) 0=I <1 mA T ain=T a=Thpax 0.5 13.0 0.5 3.0 mWmA
Line Regulation T ,=#25°C +0.01 +0.05 +0.01 +0.05 mV/V
(Mote 2) AV=V 2230V 10.02 0.1 t0.02 04 my/N
Quiescent Current Voo=+0Y, +25°C 56 67 56 67 pA
(Mote 9) W g=+EY 105 131 91 114 pA
W =+30V, +25°C 56.2 65 56.2 63 pA
Vo g=+30V 105.5 133 91.5 116 pA
Change of 4V=Vg=30V, +25°C 0.2 1.0 0.2 1.0 pA
Quiescent Current A=V =30V 0.5 2.0 0.5 2.0 pA
(Mote 3)
Temperature +0.39 +0.5 +0.39 +0.5 pAFC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 °C
for Rated Accuracy Figure 1, 1.=0
Long Term Stability T ;=Thax. for +0.08 +0.08 C
1000 hours
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Electrical Characteristics
(Motes 1, B)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{Note 4) (Mote 5) {Mote 4) (Note 5)
Accuracy, T a=+25°C +0.4 +1.0 +0.4 +1.0 'C
LM35, LM35C T 4=—10°C 05 05 15 ‘C
(Note T) T a=Toiax +0.8 +15 +0.8 +15 'C
T a=Toun 0.8 15 +0.8 £20 c
Accuracy, LM25D T 4=+25°C 0.6 1.5 ‘C
(Note 7) Ta=Thnas +09 +2.0 C
Te=Toum +0.9 £20 C
Monlinearity T an=TasTmax 103 0.5 t0.2 tos ‘C
(Note 8)
Sensor Gain T an=T o= T pax +10.0 +9.8, +10.0 +9.8, mV/°C
{Average Slope) +10.2 +10.2
Load Regulation T 4=+25°C +0.4 +20 +0.4 +2.0 mV/mA
{Note 3) 0=l =1 mA T an=TasTmax 105 5.0 0.5 t5.0 mV/mA
Line Regulation T 4=+25°C +0.01 +0.1 +0.01 +0.1 mv
{Note 3) 4vv <30V t0.02 t0.2 t0.02 to.2 mv
Quiescent Current W =+bY, +25°C 56 80 56 80 HA
(Note 9) V =45V 105 158 91 138 pA
W og=+30V, +25°C 56.2 82 56.2 82 pA
W oo=+30V 105.5 161 91.5 141 pA
Change of 4V=N =30V, +25°C 0.2 20 0.2 20 pA
Quiescent Current 4v=v <30V 0.5 3.0 0.5 3.0 A
(Mote 3)
Temperature +0.39 +0.7 +0.39 +0.7 pASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +20 +15 +2.0 ‘C
for Rated Accuracy Figure 1,1.=0
Long Term Stability T s=Thax, for +0.08 +0.08 C
1000 hours
Mote 1: Unless otherwise noted, these specifications apply: —55'C<T =+150°C for the LM35 and LM35A; —40°<T <+110°C for the LM35C and LM25CA; and
0°<T =+100*C for the LM35D. Wg=+5Vdeo and Ipoap=50 pA., in the circuit of Figure 2 These specifications also apply from +2°C fo Tyay in the circuit of Figurs 7.
Specifications in boldface apply over the full rated temperature range.
Note 2: Thermal resistance of the TO-46 package is 400°CAW, junction to ambient. and 24°CAN junction fo case. Thermal resistance of the TO-02 package is
180°CAW junction to ambient. Thermal resistance of the small cutline melded package is 220°C/W junction fo ambient. Thermal resistance of the TO-220 package
is B0°C/W junction fo ambient. For additional thermal resistance information see table in the Applications section.
Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in cutput dus to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance.
Note 4: Tested Limits are guaranteed and 100% tested in production.
Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing gualty levels.
Note 6: Specifications in boldface apply over the full rated temperature range.
Note T: Accuracy is defined as the error between the output voltage and 10mw*C times the device's case temperature, at specified conditions of voltage, current,
and temperature (expressed in *C).
Note 8: Monlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line. over the device's rated temperature
range.
Note 8: Quiezcent current is defined in the circuit of Figure 1.
Mote 10 Absolute Maximum Ratings indicate limits beyond which damage fo the device may occur. DT and AC slectrical specifications do not apply when operating
the device beyond its rated operating conditions. Ses Motz 1.
Mote 11: Human body model, 100 pF discharged through a 1.5 ki resistor
Mote 12: See AM-450 “Surface Mounfing Methods and Their Effect on Product Relability” or the sesction filled “Surface Mount” found in a current Mational
Semicenductor Linear Data Book for other methods of soldering surface mount devices.
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BD135
BD139

NPN SILICON TRANSISTORS

Type Marking
BD135 BO135
BD135-10 BD135-10
BD135-16 BD135-16
BD139 BO139
BD139-10 BD139-10
BD139-16 BD139-16

s STMicroelectronics PREFERRED
SALESTYPES

DESCRIPTION

The BD135 and BD139 are silicon Epitaxial
Planar NPN transistors mounted in  Jedec
SOT-32 plastic package, designed for audio
amplifiers and drivers utilizing complementary or
guasi-complementary circuits.

The complementary PNP types are BD136 and
BD140 respectively.

ABSOLUTE MAXIMUM RATINGS

INTERNAL SCHEMATIC DIAGRAM

SC06960

Symbol Parameter Value Unit
BD135 BD139%9
Veeo  |Collector-Base Voltage (le = 0) 45 a0 v
Veeo  |Collector-Emitter Woltage (1s = 0) 45 80 v
Vesc |Emitter-Base Voltage (Ic = 0) 5 W
Ic Collector Current 1.5 A
lem Collector Peak Current 3 A
I Base Current 0.5 A
Pict Total Dissipation at T, < 25 °C 12.5 W
Piat Total Dissipation at Tams = 25 °C 1.25 W
Tstg Storage Temperature -65 to 150 °C
T; Max. Operating Junction Temperature 150 °C
September 2001 1/4
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BD135/BD139

THERMAL DATA

Run-case |Thermal Resistance Junction-case Max | 10 °CIw |
ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
lceo Collector Cut-off Ve =30V 0.1 LA
Current (le = 0) Vee =30V Te=125°C 10 pA
leso Emitter Cut-off Current |Vegg =5V 10 LA
{lc =0}
Vceojzusy* | Collector-Emitter Iz = 30 mA
Sustaining Voltage for BD135 45 W
(lg = 0) for BD139 80 W
Vegizan* | Collector-Emitter lc=05A le=005A 0.5 W
Saturation Voltage
VBe* Base-Emitter Voltage |lc=05A Ve =2 W 1 Y
Neg+ DC Current Gain lc =35 mA Veg =2 W 25
lc = 150 mA Vee=2V 40 250
lc=05A Ve =2 W 25
hee hee Groups lc =150 mA Vee=2W
for BD135/BD139 group-10 63 160
for BD135/BD139 group-16 100 250

* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 9%
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MicrocHIP PIC18F2455/2550/4455/4550

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

Universal Serial Bus Features:

* USB V2.0 Compliant

Low Spead (1.5 Mb's) and Full Speed (12 Muis)

Supports Contrel, Interrupt, lzochronous and Bulk

Transfers

v Supports up 0 32 endpoints (18 bidirectional )

+ 1-Kbyte dual access RAM for USE

+ On-chip USE fransceiver with on-chip voltage
regulator

* Interface for off-chip USE fransceiver

* Streaming Parallel Port (SPP) for USE streaming
tranzfers (40/44-pin devices only)

Power-Managed Modes:

* Run: CPU on, peripheralz on

* |die: CPU off, peripherals on

v Sleep: CPU off, peripherals off

* |die mode currents down to 5.8 pA typical

* Sleep mode currents down 1o 0.1 pA typica
v Timer1 oscillator: 1.1 pA typical, 32 kHz, 2V
* Watchdog Timer: 2.1 wa typical

* Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

* Four Crysial modes including High Pracision PLL
for USE
* Two External Clock modes, up to 45 MHz
* Internal oscillator klock:
- 8 user-zelectable frequencies, from
31 kHz to 8 MHz
- User-tunable to compensate for freguency drift
+ Secondary oscillator using Timer1 & 32 kHz
* Dual oscillator oplions allow microcontrzller and
UJSE miodule to run at diferent clock speeds
* Fail-Zafe Clock Monitor
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

* High-current sink/source 25 mA2S ma

* Three extemal interrupts

+ Four Timer moedules {Timerd to Timer3)

* Up to 2 Capture/Compars/PWM (CCP) modules:
- Caplurs is 16-hit, max. resolution 6.25 ns (TCY1E)
- Compare is 16-bf, max. resolution 100 ns (TCY)
- PWM output: PWHM resclution is 1 to 10-hit

* Enhanced Caplurs/Compars/FWM (ECCP) module:
- Nuttiple output modes
- Selectable polarity
- Programmabile dead time
- Auto-Shutdown and Auto-Restart

* Enhanced USART moduls:
- LIM bus support

* Master Synchronous Serial Port (MSSP) module
supporing 3-wirg SPI™ (all 4 modes) and 2o
Masier and Slave modes

* 10-bit, up to 13-channels Analog-to-Digital Converter
madule (AT} with programmable acquisition time

* Dwal analog comparators with input multiplexing

Special Microcontroller Features:

+ C compiler optimized architecture with cptional
extended instruction st

+ 100,000 erasehwrite cycle Enhanced Flash
program memory typical

* 1,000,000 eraseiwrite cycle Data EEFROM
meamory typical

* Flash/Data EEPROM Retention: = 40 years

* Self-programmable under software control

+ Priority levels for intermupis

* 3 x 3 Single-Cycle Hardware Multiplier

* Extended Watchdog Timer {WDT):
- Programmable period from 41 m2 to 1312

* Programmable Code Protection

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

* In-Circuit Cebug (ICD) via two ping

+ Optional dedicated ICDACSP port {(44-pin devices only)

* Wide operating voltage range (2.0 to 5.5Y)

Program Memory Data Memory MSSP = g
i
Device . uo 10-bit [CCP/ECCP SPP ﬁ g Timers

(bytes)| Instructions | (bytes) | (bytes) C™ 3 E

5]
FIC18F2455| 24K 12288 20435 258 24 10 210 Mo Y K 1 2 113
FIC18F2550| 32K 15354 20435 258 24 10 20 Mo ul i 1 2 112
FIC1BF4455| 24K 12288 20458 258 35 13 11 fes Y ki 1 2 112
FIC18F4550| 32K 15354 20438 258 35 13 11 es Y i 1 2 113

® 2004 Microchip Technology Inc.

Preliminary

D530632B-page 1
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PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin PDIR, S0I1C

(J=— RETHKEIZPGD

1= RBEKBIZPGC

[ == RBSKEIPGEM

[(J=— RE4/AN11KEID
RE3ANSCCRZINPD
(== REZAMANT VMG
(1= REVAMIDINT1SCHISCL
(= RBNAMIZINTIFLTISCUSDA
[1=— Voo

[J=— VWzs

RCTRXDOTISDO
[ RCATHCK

[J=—= RCED:VP

(= RC&D-vM

MCLRV==/REZ— []*1 e 28
raparn—0 2 7]
ratiant =—=[] 3 s
RAZIANZVszr-Ciiazr =—= [] 4 25
RAUANIazre =] § ] 4
RAATOCKICIOUTRCY=—1] 8 oAt 23
RASAMAESHLVDINC2OUT=—[] 7 L 2
Wgg—= ] — 21
osclck—=0O ¢ E E 20
OSCHCLKOMRAE-—[]10 19
RCOTIOSOITI3CK =— ] 11 12
RCAUTIOSICCPEWIDE=-—[] 12 17
caccPt=—[13 18
Vusz=—[]14 15

40-Pin PDIP
MCLRVrsREZ — 1 S 40
RANANT —[] 3 P
RAXAN2VrEsCVREF -] 4 ar
RANAMINGEF+ == F 96
RAATOCKICIOUTIRCY - 6 5
RASAN4SEHLVDMNCIOUT =— 7 4
RENANS/CHISPP =—=[] 8 P 5%
REVANAICKISPP —] 0 ey ﬁ o
REJANTIOESPP —w[ 10 3 31
Voo — M % '?.."5 a0
Wss .12 00 28
QSCUCLE] ——] 13 Lo g
CSCUCLKOIRAE -~ 14 a7
RCOTICSOTIACK - 15 26
RCATICSICCFITOE ——s 16 a5
RCHCCAAA a—e] 17 4
WiusE -—[] 18 2%
ROWEPPD w—e ] 10 o
RO1/SPP1 =-—[] 20 21

[ =—= RET/KBINPGD
[T = REGKBIZPGC
[ =—-= RESKBITPGM

T [ =—s REAANTIKEINNCESPP

[T == REMANBCCP2WPO
[ =« REZANEINTZVMO

[T = REVANININT1/SCKISC
[T == RENANIZINTIFLTNEDISDA
[T -=— Voo

[T =—Was

[T =—= ROTSPFTIFID

[T =— RDBSPPEPIC

[ =— ROSSPPEFIE

[ -~ - RO4SPPY

[T +—s RCTRMDTISDO

[T =— RCBTHCK

[T == RCSDHVP

[T s RC4DM

[T == ROWISPPI

[T =— ROZSPP2

Note 1: RE3 is the alternate pin for CCP2 rmutiplexdng.

DS530632B-page 2

Preliminary

& 2004 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT 'O DESCRIPTIONS
Pin Humb i
Pin Name I Tumber Pin | Buffer Description
PDIP | GFW | TQFP | Type | Type
MCLRMNPPRED 1 18 18 Master Clear {input) or programming voliage (input).

MCLR | ST Masfter Clear (Reset) input. Thiz pin iz an
active-low Reszst to the device.

VPP F Programming voltage input.

RE3 | ST Digital input.

OSC1/CLE] 13 a2 20 Oscillator crystal or external clock input.

osC1 | Analog Cacillator cryatal input or extemal clock sourcs input.

CLKI | Analog Extermnal clock source input. Always associated with
pin function O5C1. (See QSCACLKO pins.)

OSC2ICLEOIRAG 14 23 Kl Oszcillator crystal or clock output.

osc2 ] — Cecillator crystal cutput. Connects to crystal or
rezonator in Crystal Oscillator mode.

CLED O — In RC mode, SSC2 pin outputs CLEKO which has 1/4
the frequency of 0SC1 and denofes the instruction
cycle rate.

RAE (L8 TTL General purpoze 10 pin.

Legend: TTL = TTL compatizle input CMOS = CMOS compatible input or output

ST = Schmitt Trigger inpuf with CMOS levels |

O = Output
Alternate assignment for CCP2 when CCP2ZMX configuration bit is cleared.

Mote 1:

=]

= [nput
= Power

2: Default assignment for CCP2 when CCP2MX configuration bit is sst.

3 Thesze pins are No Connect unleas the ICPRT configuration bit is set. For NCACPORTS, the pin is Mo
Connect unless ICPRT iz 2et and the DEBUG configuration bit is cleared.




PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT 'O DESCRIPTIONS (CONTINUED)

Pin Humb i
Pin Hame I Tumoer Pin | Buffer Description
PDIP | QFN | TGFP | Type | Type
PORTA Is a bidirectional /0 port.
RANAMD 2 19 13
RAD o TTL Digital IF0.
AMD | Analog Amalog input 0.
RATIAMNT 3 20 20
RAT o TTL Digital IF0.
AR | Analog Analog input 1.
RAZAM2NREFS 4 ey 21
CVREF
RAZ o TTL Digital IF0.
AMNZ | Analog Analog input 2.
VREF- | Analog AID reference voltage (low) input.
CWREF 2 | Analog Analog comparator reference cutput.
RAMANINREF+ 5 22 22
RAZ o TTL Digital IF0.
AM3 | Analog Amalog input 3.
WREF+ | Analog A0 reference voltage (high) input.
RATOCKICIOUTY 5] 23 23
RCW
Rad e 5T Digital 1F0.
TOCKI | 5T Timerd external clock input.
C10UT O — Comparator 1 ocutput.
RCW | TTL External USE fransceiver RCY input.
RAS/ANA/SS/ 7 24 | 24
HLVDIN/CZOUT
RAS o TTL Digital I/0.
A4 | Analog Analog input 4.
55 | TTL SPI™ slave select input.
HLWVDIM | Analog High/Low-Yoltage Detect input.
C20UT o — Comparator 2 output.
RAE — — — — — See the OSCACTLEOIRAG pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power
Mote 1: Alilemats assignment for CCP2 when CCP2ZMX configuration kit is cleared.
2: Default assignment for CCP2 when CCP2ZMX configuration bit is set
3: These pins are Mo Connect unless the ICPRT configuration bit is set. For NCACPORTS, the pin iz No

Connect unless ICPRT is 2et and the DEBUG configuration bit iz cleared.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

RBIANICCP2NVPO 36 12 1

Pin Name Pin Number Fin | Buffer Description
PDIP | GFN | TQFP | Type | Type
FPORTE i= a bidirectional 'O port. PORTE can be
software programmed for internal weak pull-upz on all
inputs.
RBIANAZNNTOY 33 0 g
FLTOISDUSDA
REB0 le: TTL Digital 11O,
AM1Z | Analog Analog input 12.
INTO | ST External interrupt 0.
FLTO | ST Enhanced PWM Fault input i(ECCP1 module).
S0l | ST SPI™ data in.
SDaA (e ST FC™ data 10
RBAUANAMINTA/SCRS 34 10 9
SCL
RB1 lle: TTL Digital 11O,
AMN10 | Analog Analog input 10.
INT1 | ST External interrupt 1.
SCK ([ 5T Synchrenous serial clock inputicutput for SP1 mode.
SCL (L8 ST Synchronaus serial clock inputioutput for FC modes.
RB2Z/ANINTZNMOD 35 1 10
REB2 [e: TTL Digital 1O,
AME | Analog Analog input &.
INT2 | ST External interrupt 2.
WIMO 8] — External USE franzsceiver VMO output.

REB3 W TTL Digital 113,

AMNS | Analog Analog input 9.

ccezlil I ST Capture 2 input/Compare 2 outputfPWH 2 output.

VRO 8] — External USE fransceiver VPO output.
RE4ANTTKBIDICSSPP| 37 14 14

RB4 lle: TTL Digital 11O,

AMNT1 | Analog Analog input 11.

KBID | TTL Interrupt-cn-change pin.

CS55PP O — SPP chip s=lect control output.
RBS/KBI1/PGM 38 15 15

REBS le: TTL Digital 1O,

KBI1 | TTL Interrugt-on-change pin.

PGEM (e ST Low-Yoltage ICSP™ Programming enable pin.
RBS/KBIZIPGC ) 16 16

RB& [le: TTL Digital 1O,

KBI2 | TTL Interrupt-on-change pin.

PGC ([ ST In-Circuit Debugger and 1CSP programming clock pin.
RET/KBIZNPGD 40 17 17

RET [le: TTL Digital 1O,

KBI3 | TTL Interrugt-on-change pin.

PGD (e ST In-Circuit Debugger and 1CSP programming data pin.
Legend: TTL = TTL compatizle input CMOS = CMOS compatible input or output

5T = Schmitt Trigger input with CMOS levels | = Input
O = QOutput = = Power

Mote 1: Alternate assignment for CCP2 when CCPZMX configuration bit is cleared.

Default assignment for CCF2Z when CCP2ZME configuration bit iz sst.

These pins are Mo Conneact unless the ICPFRT configuration bit is 2et. For NCACPORTS, the pinis Mo
Connect unless ICPRT is 2et and the DEBUG configuration it is cleared.

D538632B-page 18 Preliminary & 2004 Microchip Technology Inc.
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PIC18F2455/2550/4455/43550

TABLE 1-3: PIC18F4455/4550 PINOUT 'O DESCRIPTIONS (CONTINUED)
Pin Name Pin Humber Pin | Buffer Description
PDIP | QFN | TQFP | Tvpe | Type
PORTC iz a bidirectional 11O port.

RCOM1OSIT13CK] 15 34 32

RCO o 5T Digital If0.

T1050 o —_ Tirner1 cecillator output.

T13CKI | 5T Timer1Timer2 external clock input.
RCUT10SWCCRE 16 35 35
UDE

RC1 o ST Digital 0.

T105l | CMOS Timer1 cscillator input.

ccp2id o 5T Capture 2 input‘Compare 2 output/PWh 2 output.

UOE o — External USE fransceiver OE output.
RC2ICCP1P1A 17 36 36

RC2 o 5T Digital IO,

CCP1 o 5T Capture 1 input'Compare 1 cutput/PWM 1 output.

P1A o TTL Enhanced CCP1 PWM output, channs! A,
RC4/D-MM 23 42 42

RC4 | TTL Digital input.

D- o — USE differential minus line {input/output).

WM | TTL Extermal USE fransceiver VM input.
RCS/D+ME 24 43 43

RCS | TTL Digital input.

D+ e — USE differential plus line {inputioutput).

VP | TTL External USE transceiver VP input.
RCEBMTXICK 25 44 44

RCE o 5T Digital If/0.

™= o — EUSART asynchronous transmit.

CK o ST EUSART synchronous clock (see RX/DT).
RCTIRXIDTISDO 26 1 1

RCT o 5T Digital IO,

R | 5T EUSART asynchronous receive.

DT o ST EUSART synchronous data (see TX/CK).

500 o — SPI™ data out.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Cutput P = Power

Mote 1:  Aliermnate agsignment for CCP2 when CCP2ZMX configuration bit iz cleared.

2:  Default assignment for CCP2 when CCP2ZME configuration bit is set.

3: Theze

pins are Mo Connect unless the ICPRT configuration kit is sef. For NCACPORTS, the pin iz Mo

Connect unless ICPRT is 2t and the DEBUG configuration bit iz cleared.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT /'O DESCRIPTIONS (CONTINUED)
Pin Humlb i
Pin Hame th umoer Pin | Buffer Description
PDIP | @QFN | TQFP | Type | Type
FORTD iz a bidirectional VO port or a Streaming
Farallel Port (SPP). These pins have TTL input buffers
when the SPP module is enabled.
RDO/SPPO 1% 38 38
RDO o ST Digital WO,
SPPO (Ile: TTL Streaming Parallel Port data.
RD1/SPP1 20 39 29
RD1 o ST Digital WO,
SPP1 o TTL Streaming Parallel Port data.
RD2/SPF2 21 40 40
RD2 o ST Digital 1O,
SPP2 o TTL Streaming Parallel Port data.
RD3/SPP3 22 41 41
RD3 o ST Digital WO,
SPP3 (Ile: TTL Streaming Parallel Port data.
RD4/SPFP4 27 2 2
RD4 W ST Digital 1O,
SPP4 o TTL Streaming Farallel Port data.
RDSISPPIP1E 28 3 3
RDS5 o ST Digital WO,
SPPS W TTL Streaming Farallel Port data.
F1B o — Enhanced CCP1 PWM cutput, channel B.
FRDB/SPPEP1C 29 4 4
RD& o ST Digital WO,
SPPE W TTL Streaming Farallel Port data.
P1C o — Enhanced CCR1 PWM cutput, channel C.
RODTISPPTIP1D 30 5 5
RDT o ST Digital 1O,
SPPT W TTL Streaming Farallel Port data.
F1D o — Enhanced CCR1 PWM cutput, channel D.

Legend: TTL = TTL compatizle input

CMOS = CMOS compatible input or cutput

ST = Schmitt Trigger input with CMOS levels |

O = Output

Note 1: Alternate assignment for CCP2 when CCP2ZMX configuration bit is cleared.
2:  Default azsignment for CCP2 when CCP2ME configuration bit iz set.

3 Thesze pins are Mo Connect unless the ICPRT configuration bit is set. For MCACPORTE, the pin is Mo
Connect unless ICPRT iz 22t and the DEBUG configuration bit is cleared.

P

= Input
= Power




PIC18F2455/2550/4455/43550

TABLE 1-3: PIC18F4455/4550 PINOUT IO DESCRIPTIONS (CONTINUED)

Pin Numb i
Pin Name I TumBer Pin | Buffer Description
PDIP | QFN | TGFP | Type | Type
PORTE is a bidirectional 110 port.
REMAMSICKISPP & 25 25
RED IFo 5T Digital If0.
AMES | Analog Analog input 5.
CK15PP o — SPF clock 1 output.
RE1/AMBICKZSPR 9 26 25
RE1 1Fo 5T Digital If0.
AME | Analog Analog input §.
CK25PP o — SPF clock 2 output.
REZ/ANTIOESPR 10 27 27
REZ2 1Fo 5T Digital If0.
AMT | Analog Analog input 7.
OESPP o — SPF output enable output.
RE3 — — — — —  |See MCLRA/PR/IRES pin.
Was 12, 31(6,30,| 6,29 P — | Ground reference for logic and 'O pins.
3
oD 11,32 7,8, | 7,28 F — | Positive supply for logic and 'O pins.
28,29
YWUSE 18 a7 37 o — |Intemal USE 3.3V voltage regulator output.
NCACCKACPGC — | =1 12 Mo Connect or dedicated ICDACSP™ port clock ™)
ICCK o 5T In-Circuit Debugger clock.
ICPGC e 5T ICSF programming clock.
MCACDT/ACPGD — | = 13 Mo Connect or dedicated ICDACSP port clock )
ICDT o 5T In-Circuit Debugger data.
ICRGD o 5T ICSP programming data.
MCACRST/CYFR — | = | 33 Mo Connect or dedicated ICDACSP port Reset (3
ICRST | — Master Clear (Reset) input.
ICVPP F — Programming voltage input.
NCACPORTS — | =] =4 P — |Mo Connect or 28-pin device emulation )
ICFORTS Enable Z8-pin device emulation when connected
to Vss.
MC — 13 — — —  |Mo Connect.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Cutput P = Power
Mote 1: Allemats agsignment for CCP2 when CCP2ZMX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2ZME configuration kit is set.
3: These pins are Mo Connect unless the ICPRT configuration kit is set. For NC/IICPORTS, the pinis Mo

Connect unless ICPRT is zet and the DEBUG configuration bit iz cleared.
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DEFINE OSC 20 ' Use Oscillator 20 MHz

DEFINE LCD_DREG PORTB' Set LCD Data port

DEFINE LCD_DBIT 4 ' Set starting Data bit (0 or 4) if 4-bit bus
DEFINE LCD_RSREG PORTD ' Set LCD Register Select port
DEFINE LCD_RSBIT 2 ' Set LCD Register Select bit

DEFINE LCD_EREG PORTD ' Set LCD Enable port

DEFINE LCD_EBIT 3" Set LCD Enable bit

DEFINE LCD_BITS 4" Set LCD bus size (4 or 8 bits)

DEFINE LCD_LINES 2" Set number of lines on LCD

DEFINE LCD_COMMANDUS 2000 ' Set command delay time in us
DEFINE LCD_DATAUS 50 ' Set data delay time in us

'trisb = %00000000
'trisd = %00000000

DEFINE ADC _BITS 8  'Set number of bits in result (8, 10 or 12)
DEFINE ADC_CLOCK 3  'Set clock source (rc =3)
DEFINE ADC_SAMPLEUS 50 'Set sampling time in microseconds

TRISA.0=1 'SET AS INPUT PORTA.O

TRISD.4=0 'SET AS OUTPUT PORTD.4
TRISD.5=0 'SET AS OUTPUT PORTD.5
TRISD.6=0 'SET AS OUTPUT PORTD.6
TRISD.7=0 'SET AS OUTPUT PORTD.7

TEMP VAR BYTE

Y VAR BYTE

ADCONO =%00000001
ADCON1 =%00000000



pause 100

MAIN:

adcin 0, TEMP

Y =100 - 2*TEMP

LCDout $fe, 1
LCDout $fe, 2

LCDOUT $FE, $80

Icdout "TEMPERATURE"
LCDOUT $FE, $CO0
Icdout dec y,"CELCIUS"
pause 100

IF TEMP > 30 THEN GOTO LED3
LOW PORTD.4
low PORTD.5
high PORTD.6
LOW PORTD.7
GOTO LOOP

LED1:

if temp > 25 then goto LED2
HIGH PORTD.4
LOW PORTD.5
LOW PORTD.6



LOW PORTD.7
GOTO LOOP

LED2:
LOW PORTD.4
HIGH PORTD.5
LOW PORTD.6
LOW PORTD.7
GOTO LOOP

LED3:
if TEMP > 35 THEN GOTO LED1
LOW PORTD.4
LOW PORTD.5
HIGH PORTD.6
HIGH PORTD.7
GOTO LOOP

LOOP:

PAUSE 100

GOTO MAIN

END
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