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Abstract (English) 

Portable Security System Using Communication Cards 
BY 

Marwa Salaimeh Maysam Albaba 

Our project is based on wireless communication between two plastic cards; each card has 

been adjusted to be sensitive in receiving and sending signals from the other card. This idea is 

based on PIC l 8F4520 microcontroller which is the main part in our project. PIC l 8F4520 

micro controller controls and performs the main activities in this project. 

Each communicating signal between the two cards bolds identifying code known to the 

other card. Receiving or sending signals between the two cards will compare the held code 

according to the code stored in the microcontroller memory. If this comparison process is 
correct, every thing goes well and the alarm system will not activated, but in case of en-or the 

almm system will be activated by the microcontroller. 

This microcontroller is having very sensitive specifications tlu·ough its influence on 

activating the alaim system to give sounds on both sides in case of danger. 

Our aim is implementing this idea for saving valuable things from being taken by thieves and 

also protecting children from kidnapping or abduction. 
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Abstract (Arabic) 

'es3-silts3lsl, 55-fill i a !7 1la 51lsllg ell ! a3ls dleii a9y Rola s Jg Sillgsa ? 
(PIC 18F4520 ~I Uc._,fa ~ l1o~l ~ .t_,µ1 ~ ~)I ~.►.JI y, !fi.11 (microcontroller)~ 

tS~ u_,Y-A ~.JAY.~ 0fo t)!'.is~I 0:-! ~ ~! wl_} . ..;,J lfl .t_,_µ1 I~~ microcontroller) 

0 -<1~-~.\...li··~ ~ ~\ · .lllii1,1 --'- J· -- .I\· )\U ti.a~ -~ -~\;; Lll )l:i.....,\ iJL...., l.l.L ,~l.:il\4-S\.h.ill _r <.,;, ~__?-J ~ '-? _)A ..r' . ~ ~ _)A .) f".l.:! Uu..::>...1, .) • r' J .), ~ . 

~ _}}JJ1.J .)y,':/1 0.,.sJ )~':/1 j4-?, ~ r3=! ul ~_, ~ 4J,Jt:Ll1 o~ 0.J. ;u1..:,.. ~ ,(microcontroller)~l 

~ ~ uy-o .J~ (microconfroller)~l ;u,_._.,1..J-! )~)'\ rl.};j ~ t½ .uµ Lb.JI Uh~ t)S.l..,, r'..H L. 
.cfil.b.,Jl 

<±ls5 sl zLall » J\E9Tellis 9 @5 3 gas-al g» @,ll cut9l @las s 336 fa 5ha Cs eiighl 

V 



List of Contents 
Title Page.: · : ~ I 
Signature Page .. : · II 
Dedication.....................-.%...%.33%%%3.%%3.%3.%3%3%3%33%3%%%%%%%%...,,....J[ 
Acknowledgments.......-.-.............%3.3%%%.3.3%%%.%%3%%.3..%......%....,,,..¥ 
Abstract .. · :.' · .' , VI 
List of Contents............,--......4...%.......%..........2...2............,,...VII 
List of Tables , · .- .' IX 
List of Figures .IX 

I Chapter 1 : Introduction 1 

1.1 Preface 2 

1.2 Project I1np01iance 3 

1.3 Project Objectives 4 

1.4 Literature Review .4 

1.5 Time Plan : ' 5 

1.6 Estimated Cost 6 

1.7 Project Risl<s 7 

1.8 Road Map 8 

Chapter 2: Theoretical Background 11 

2.1 Preface • .. • 11 

2.2 Wireless Communication 11 

2 .3 Hypothes1· s . . • • . • • • • • • • • • • • • • • • • • • • • •. • • .. • • .. 24 . . . . . . . . . . . . . . . . . . . . . . . . 
2.4 Project I11tegraty • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 25 

VI 



2.5 Project Component... · : : : : : · .. : ~ 26 

2.5.1 Microcontroller................................%...%....%...2................26 
2.5.2 Transmitter.........................,-.....%.........%.%..........%%%.........30 

. . 

2.5.3 Reciever ; .. : 31 

2.5 .4 Ala11n._. · · 31 

2.5.6 Batteries... ~--- .. · ~~.; · : 33 

Chapter 3: Design Concepts 37 

3.1 Project Objectives _ 37 

3 .2 Design Options ~ 3 8 

3.2.1 Microcontroller ; ; 38 

3.2.2 Transmitter , · 41 

3 .2.·3 Alar1n 42 

3 .3 Design Realization Approach .44 

3.4 General block diagram .44 

3.5 Interfacing of the main components & subcomponents .46 

Chapter 4: Hardware System Design 59 

4.1 Preface_ 59 

4.2 Project Phases •.•.••••••••••••••.••••.•• • •.· .. 59 

4.3 Schematic Design........-............................%..-·..........%............60 

VII 



. . . . . " . 

4.3.1 Transmitter RT4-433.9.................................................60 
4.,3.2 Receiver RR3-433.92...................................................64 
4.3 .3 PIC 18F4520 67 

4.3.4 Alarm..... _ : 69 

4.3.5 Whole System Schematic , 70 

I Chapter 5: Software System Design 73 

5.1 Preface : 73 

5.2 WinPICS00 73 

5.3 MPLAB IDE 75 

5.4 Sin1ulatio11 .- ; : - 77 

5.5 System Algorithm 82 

5.6 Program code : 87 

5.6.1 Mother card software program 87 

5.6.2 Son card software program : 91 

Chapter 6: Implementation & Testing 96 

6.1 Preface 96 

6.2 Implementation · 96 

6.3 Testi.I1g '. · •. • •. • • • • •. • • • • • .. • .. • • • • •. • • 98 

6.3.1 Project component testing 98 

6.3.2 Project subsystem testing 106 

6.3.3 Integrated system testing 109 

VIII 



Chapter 7: Conclusion & Future Work 113 

7.1 Preface : ~- · .' .. ; · 113 

7.2 Conclusion · : : : 113 

7.3 Problems 114 

7.4 Future work & developing suggestions : 116 

I References 

List of Tables 

IX 



Table 1.1 Estimated hardware costs...................................%2....%.4......2...............6 
Table 2.1: Key Features of Different 18F _Microco'ntrollers 30 

List of Figures 

Figurel. l: Time Plan of our project........... ·: :···.· ·: 5 

Fig.3.1 Alarm using 555 schematic..............................................................43 

Figure 3.2: General Block diagram .46 

Fig. 3.3 PIC18F4520 detailed block diagram .48 

Fig.3.4 Transmitter block diagram 50 

Fig. 3.5 Receiver block diagi·am 52 

Fig. 3.6 RR3 block diagram 53 

Fig. 3.7: Alarm Block Diagram 54 

Fig3.8 Complete project block diagram '. 56 

Fig. 4.1 RT4-433.9 transmitter 61 

Fig. 4.2 HT-12E encoder. 62 

Fig. 4.3 Transmitter schematic 63 
Fig.4.4 RR3-433.92 receiver 64 

' . 

Fig. 4.5 HT-12D decoder 65 

Fig.4.6 Receiver schematic 67 

Fig.4.7 PIC18F4520 : _. 68 

Fig. 4.8 Alann schematic 69 

Fig. 4.9 Whole system schematic 70 

Fig. 5.1: Winpic800 Software •······ • .. • 75 

Fig. 5.2MPLAB IDE...........................................3...3.3.6.363..·3....3.6...........77 
Fig. 5.3 PIC18 Simulator IDE 78 

X 



~ ·• . ~ 
Fig. 5.4 transmitting data (1111)............-.....%........2...45...2.....4.....2..22......................79 
Fig. 5.5 Transmitter is disabled........................%..................%........................,,..80 
Fig 5.6 Alarm is activated..........-.%..%%.....%.%..%%3%33%33%%3%3.%%3%4.4%.324%%%%.2%34%32..........8l 

Fig 5.7 output using oscilloscope tool 82 

Fig5.8 Mothers card flowchart..........................%..%....3..3.......%..33..3.3.%..%.......,,,...84 
. . 

Fig5.9 Sons card flowchart............... ·.· : .- _. '. 86 

Fig. 6.1 Mother card· :.~--.: : :: : : 97 

Fig. 6.2: RT4-433.9 transmitter with encoder circuit. 99 

Fig. 6.3: RT4-433.9 Transmitter data signal. 100 

Fig. 6.4: RR3-433.9 receiver with decoder circuit. 100 

Fig. 6.5 RR3-433.9-Receiver address signal. : .101 

Fig. 6.6 PIC Pocket Programmer (PP-Prog) _ 102 

Fig. 6.7: PPC-Prog schematic 102 

Fig. 6.8 How to use with winPic800 103 
Fig. 6.9 How to use PP-Prog 103 

Fig. 6.10 programming PIC18F4520 through PP-Prog and Winpic800 software program 104 

Fig 6.11 PIC18f4520 testing _. 105 

Fig 6.12: Buzzer testing 106 

Fig 6.13 testing transmitter with its compatible 1eceiver 107 

Fig 6.14 two communication circuits , 109 

Fig 6 .15 Al aim activated at the first card 110 

Fig. 6.16 Data to be transmitted at the first card 111 

XI 



Chapter 

1 INTRODUCTION 

1.1 Preface. 

1.2 Project Importance. 

1.3 Project Objectives. 

1.4 Literature Review . 

1.5 Time Plan. 

1.6 Estimated Cost. 

1.7 Project Risks. 

1.8 Road Map. 



Chapter One 

Introduction 

1.1 Preface: 

This project is about a portable security system that based on maintaining a wireless 

communication between two or more cards within a defined distance. In the simplest form, card 
no.I intermittently transmits specific signal to card no.2. Card no.2 will be receiving the 
incoming signal from card no. I and after receiving that signal it must respond by sending a 

specific signal to card no. I. If card no. I successfully receives signal from card no.2, this means 

that card no.2 is in the safe domain. For any reason if the communication between two cards 

failed and there is a loss in communication between the two cards, the alann should be activated 

The project is based on using these two cards between separate human bodies that is 

between the mother and her child. So this project relates to a system and method for monitoring 
the departure of a child from a retail store or other area. Another important feature about this 
project is that the system can be used to protect personal valuable objects like wallets. In this 

case the first card will be placed on the person shirt pocket and the other card will be placed on 
the valuable object. Therefore this project can easily be upgraded in the future to make it more 

robust and practical. 
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1.2 Project Importance: 

Every body wants to keep his valuable objects safe. Losing or kidnapping a child is the 
parent's greatest fear. While shopping with a small child, parents will be constantly watching to 
make sure that the child does not go out from the store's door. This constant concern is the 
present's major distraction, and is leading to loss of sales. Many retail stores have installed a 

children's play area to minimize the shopping parent's distraction. These play areas do not 

effectively prevent a child from wandering unless the play area is supervised. So we need a 
project that has an advantage of portability with no tether or other device of physical connection 

was required between parent's child, valuable object and the alann. The system should be small 

enough in size to be virtually invisible to the person using it. It would not be only desirable to 

have an alarm that sounds when a valuable object such as a wallet was taken from the owner, but 

also sounds when such object has been inadvertently left behind the owner. 

One intended use of this project is the protection of children from being lost. One pair of 

the cards is placed for instance in the child's shirt pocket, and the other card is also placed in the 
parent's shirt pocket. The two alanns on both cards are activated when the child is far away or 

being lost from his/her parent. So; parents will be able to point and locate where their child is. 
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1.3 Project objectives: 

• Protection of children or any valuable objects from being lost 

» Developing a portable security and protection system based on maintaining a wireless 
' . ~ . 

communication between two or more cards within a defined distance. 
• Developing a small system that can be invisible to the person using it and easy to cauy. 

• Developing a portable security system with alann on both cards that sounds if the son is 

far away or being lost from his mother 

1.4 Literature Review: 

• 'Anti- Pickpocket Alann', granted on March.13, 1990, to Julianj. Yanotti and Tomas 

Johnson. This device involves the attachment of a tether to both a wallet and other 

valuable objects and to an alarm on the person carrying such that improper removal of 
the object from the person actuates the alarm. The alann system of that patent suffers 

from disadvantages of awkwardness and the need to have a tether extending from the 

valuable object. 

■ 'Tracking Radio Frequency System', issued on Nov. 27, 1990 to Maletta. This 

tracking system uses radio frequency signals that is a bracelet secured to a convinced 

felon, who communicates with a tracking device at a central location, such systems, 
however differ from the subject invention in that the device at the central location is 

relatively a large piece of equipment. 
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1.5Time Plan: 

This section provides chart diagram that shows the stages of this project according to 

time; which we will obtain our project associating the time spent doing each stage. 

1/) 
~ 
1/) 
( 
I- 

Documentation 

Testing & Conclusion 

implementation 

Software programming & 
coding 

Detailed design schematic 

Holiday 

Design and Analysis 

Literature review & 

related theory 

Choosing project & 
collecting information 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 weeks 

FIRST SEMESTER Second SEMESTER 

Figl.l Project time plan. 
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1.6 Estimated Cost: 

The project needs both hardware equipments and software programs that run on the 
computer, so we will purchase all the needed electronic components and software programs. So 

4 

this section shows the estimated hardware, software costs as a challenge of every activity we do. 

• Hardware Components: there are many electrical Chips and equipments that have to be 

provided as shown in table 1. 1 :- 

Table 1.1 Estimated hadware costs 

Component Name Unit Price($) Quantity Total Price($) 

PIC 18F4520 18 2 36 

RT4-433.92 22 2 44 

RR3-433.92 22 2 44 

HT-E 4 2 8 

HT-D 4 2 8 

2N2219 1.26 2 2.52 

Buzzer 1.26 2 2.52 

Toggle switch 1.26 2 2.52 

Wrapping board 11 1 11 

Wires 0.36 50 (meter) 18 

Resistors 0.025 20 0.5 

Breadboards 8 6 48 

Battery 1.7 4 24 

Crystal oscillator 1.26 I 1.26 

250.32 
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• Software such as:­ 

1. Windows XP or more it costs (299$). 

2. Microsoft Office (145$). 

3. MPLAB.IDE program (free from intemet). 
4. WinPic800 software programmer (free from the internet). 
5. PIC18 Simulator IDE (free from the intemnet). 

• Human cost: 

The project team consists of two students, work in 27 weeks, 4 hours a day with 12$ per 

hour. So each student get 1296 $ ( 4x 12x2 7) and the total human cost is 2592$ 

The total cost: - the total cost contains the hardware equipments, software-programs and human 

costs, the total cost reach about approximately(3286.32) 

1.7 Project Risks: 

The project may face some problems and risks that we have to declare in the early time of 

the project designing and manipulation, and the project must avoid those problems to work in its 

high efficiency, so when we find a risk we will tty to solve it without effect on the total project 

much as we can. 

1. One of the group member died or is sick 
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2. Unavailability of some project needed components under the pressure of political 

environments 

3. Some of project parts do not work correctly; it will break the whole system, ex: 
transmitter or receiver may not work properly 

4. Lack of experience in using lab. Instruments, ex: high and low voltage in using 
power supply. 

5. The needed time for response is so long that makes the usa nervous. 
6. The scheduling and dependency of the all system parts must be in the correct direction 

and expectation, otherwise we will fail and late in producing the complete and integrated 

program. Like the receiver circuit that depends on existing a compatible address 

transmitter circuit, if there is no such compatible address, a problem occurs and it refers 

to no executed system. 

1.8 Road Map: 

The project consists of six chapters, each chapter talks about a specific area of the 

project. 

Chapter One: "Introduction", this chapter gives an introduction about the 

system, its importance, other related systems, project time 

plan and project cost. 

Chapter Two: ®Theoretical Background", this chapter gives a clear picture 
about the system theoretical background related to the main 

concepts of wireless communication and system basic 

components. 
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Chapter Three: 

Chapter Four: 

Chapter Five: 

Chapter Six: 

Chapter Seven: 

Design Concepts"", this chapter shows what other options 

could be chosen instead of those we used, project design block 

diagram and how each unit interfaces with other units to 
implement the aimed system. 

Hardware System Design", this chapter shows system design 
and circuit schematics for each part of the project, brief 

.description of the work each schematic does. 

'Software System Design ", this chapter describes the program 
that operates the project, psudocode and algorithms that 

describe project systems processes. 

"System Implementation and Testing'', this chapter discusses 
the actual project testing and implementation in details. 

"Conclusion and Future Work", this chapter is simplifying the 

conclusions and results achieved after implementing the entire 

project and gives suggestions for the future system developing. 
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Chapter 

2 THEORETICAL BACKGROUND 

2.1 Preface. 

2.2 Wireless Communication. 

2.3 Hypothesis. 

2.4 Project Integrity. 

2.5 Project components. 

• Microcontroller . 

O Transmitter. 

• Receiver. 

a Alarm. 
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Chapter Two 

Theoretical Background 

2.1 Preface 

As mentioned previously this portable security system based on using two cards. Each 

card contains a PIC microcontroller with its sub components such as memory, control unit and 
comparator means. It also houses a transmitter with modulation means and a receiver with 

demodulation means, an antenna as well as the alann system. 

This chapter provides an illustrative theoretical background for the project basic 

components, and how each component communicates with other components at the same card 

and between the two communicating cards as well. 

2.2 Wireless Communication 

This project will be fully constructed over a communication between two cards. In the 

most fundamental sense, communication between two cards involves implicitly the transmission 

of infonnation that is the identification code between the two cards through a succession of 

processes that involves the generation of the message containing identification code; this 

11 



message is encoded 'in a form that is suitable for transmission over a wireless channels. As 
reaching its destination, the encoded signal will be decoded in order to reproduce the original 
message signal and hence the 01iginal identification code. 

There are .three basic elements to every communication system, namely, transmitter, 
channel, and receiver. Each card has a transmitter that performs modulation process and a 
receiver that performs demodulation as will be discussed in the following sections and the 

project channel is based on a wireless communication with an RF signal. [ 1 J 

• Modulation Process 

The purpose of this project is to deliver a signal containing one card identification code in 
recognizable form to the other card. To do this, the transmitter modifies the message signal into a 

fonn suitable for transmission over the wireless channel. This modification is achieved by means 

of a process known as modulation, which involves varying some parameter of a carrier wave in 
accordance with the message signal. The receiver re-creates the original message signal from a 

degraded version of the transmitted signal after propagation through the channel. This re-creation 

is accomplished by using a process known as demodulation, which is. the reverse of the 

modulation process used in the transmitter. However, owing to the unavoidable presence of noise 

and distortion in the received signal, the receiver cannot re-create the original message signal 
exactly. The resulting degradation in overall system performance is influenced by the type of 
modulation scheme used. Specifically, we find that some modulation schemes are less sensitive 

to the effects of noise and distmtion than others. 
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Two forms of modulation are generally distinguished, · although they have many 

properties in common: If the modulating signal's. amplitude varies continuously with time, it is 

said to be an analog signal and the modulation is referred to as analog. In the case where the 

modulating signal may vary its amplitude only between a finite number of values and the change 

may occur only at discrete moments in time, the modulating signal is said to be a digital signal 

and the modulation is referred to as digital. 
'. ' 

If the modulating signal is digital, the modulation is termed amplitude-shift keying 
(ASK), frequency-shift keying (FSK), or phase-shift keying (PSK), since in this case the discrete 

amplitudes of the digital signal can be said to shift the parameter of the carrier signal between a 
finite number of values. For a modulating signal with only two amplitudes, "binary'' is 

sometimes added·before these terms. [2] 

• 'Digital modulation: 

The aim of digital modulation is to transfer a digital bit stream over an analog band pass 

channel, for example over a limited radio frequency band. This can be described as a form of 
digital-to-analog conversion. The changes in the carrier signal are chosen from a finite number of 

alternative symbols (the modulation alphabet). 

These are the most fmdamental digital modulation techriques: 

• In the case of PSK, a finite number of phases are used. 

• In the case of FSK, a finite number of frequencies are used 

• In the case of ASK, a finite number of amplitudes are used. 

13 



Each of these phases, frequencies or amplitudes are assigning a unique pattern of binary bits. 
Usually, each phase, frequency or amplitude encodes an equal number of bits. This number of 

bits comprises the symbol that is represented by the particular phase. 

. ·. .N . • 
If the alphabet consists of M = 2' alternative symbols, each symbol represents a message 

consisting of N bits. If the symbol rate (the symbol rate is the bit rate divided by the number of 

bits transmitted in each symbol, measuredin symbols-per-second, (Hz)) 

For example, with an alphabet consisting of 16 alternative symbols, each symbol represents 4 

bits. 

Being common to all digital communication systems, the design of both the modulator and 

demodulator must be done simultaneously. Digital modulation schemes are possible because the 

transmitter-receiver pair have prior knowledge of how data is encoded and represented in the 
communications system. In all digital communication systems, both the modulator at the 

transmitter and the demodulator at the receiver are structured so that they perform inverse 

operations. [3] 

14 



• Amplitude-shift keying (ASK: 

Amplitude shift keying (ASK) is a form of modulation which represents digital data as 
variations in the amplitude ofa carrier wave. 

The amplitude of an analog cani.er signal varies in accordance with the bit stream 

(modulating signal), keeping frequency and phase constant. The level of amplitude can be used 

to represent binary logic Os and Is. We can think of a carrier signal as an ON or OFF switch. In 
the modulated signal, logic 0 is represented by the absence of a carrier, thus giving OFF/ON 

keying operation and hence the name given. 

Like AM, ASK is also linear and sensitive to atmospheric noise, distortions, propagation 
conditions on different routes in PSTN, etc. It requires excessive bandwidth and is therefore a 
waste of power. Both ASK modulation and demodulation processes are relatively inexpensive. 

The ASK technique is also commonly used to transmit digital data over optical fiber. For LED 

transmitters, binary I is represented by a short pulse oflight and binary O by the absence oflight. 

[3] 

• Demodulation process: 

Detectors or demodulators extract information riding on a carrier that was encoded before 
transmission and returns it to its original form. This process called demodulation. So, 

demodulation is the act of removing the modulation from an analog signal. 

15 



There are several ways of demodulation depending on what parameters of the base-band 
signal are transmitted in the carrier signal, such as amplitude, frequency or phase. 

However, the received signal is likely to be a corrupted version of the original transmitted 
. ' 

signal; it is distorted due to channel imperfections, many techniques are used to limit localized 

interference and noise. [2] 

• Noise 

Noise is unwanted electrical signals presents in any electrical systems also it could be 

considered as data without meaning. This noise can be characterized as random, unpredictable 

electrical signals from any of the noise source. Noise sources could be man· made (using special 

devices to produce noise over certain system) or natural (any elements such: atmosphere and the 

sun, etc). 

As we know noise can block, distort, or change the meaning of a message or data sent in both 

human and electronic communication, so communication systems should use filters to extract 

data and achieve receiving pure information (data). [2] 
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• Filtering: 

Filter is a device which transmits only part of the incident energy and may thereby 

change the spectral distribution of energy, so filtering is the process of limiting localized 
interference and noise. There are three types of filters and those are: 

a. Low-Pass Filter: 

This filter is designed to transmit electromagnetic frequencies below a certain value, 
while excluding or reduces those of a higher frequency by blocking them. The actual amount of 

attenuation for each frequency varies from filter to filter. It is sometimes called a high-cut filter, 

or treble cut filter when used in audio applications 

b. High-Pass-Filter: 

This filter is designed to transmit electromagnetic frequencies above a certain value, 

while excluding those of a lower :frequency by blocking them. Contrast with low-pass filter. The 

actual amount of attenuation for each frequency varies from filter to filter. It is sometimes called 

a low-cut filter; the tenns bass-cut filter or tumble filter are also used in audio applications. It is 

useful as a filter to block any unwanted low :frequency components of a complex signal while 

passing the higher :frequencies. Of course, the meanings of 'low' and 'high' frequencies are 

relative to the cutoff frequency chosen by the filter designer. 

17 



c. Band-Pass-Filter: 

A filter designed_to transmit a particular band of electromagnetic frequencies between a 
. . . : ... ~-. . . .. 

lower cut-off frequency (fi) and a higher cut-off frequency (f;) while excluding those of higher 
or lower frequencies. It can be made by a combination of a low-pass filter and a high pass filter. 

An ideal filter would have a complete flat passband ( e.g. with no gain/attenuation 

throughout) and would completely attenuate all frequencies outside the passband. Additionally, 

the transition out of the passband would be instantaneous in frequency. In practice, no bandpass 
filter is ideal. The filter does not· attenuate all frequencies outside the desired frequency range 

completely; in particular, there is a region just outside the intended passband where frequencies 
are attenuated, but not rejected. This is known as the filter roll-off. Generally, the design of a 

filter seeks to make the roll-off as narrow as possible, thus allowing the filter to perform as close 

as possible to its intended design. 

However, in this project the low pass filter is used in the receiver circuits to obtain the 

original signal. [2] 
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" Types of wireless technologies: 

During the last few years, many wireless technologies came out for serving in the short-range 
field for commercial applications. Many solutions are possible but need further investigation, 
such a solution is: 

A. Infra red (IR) technology. 

B. Radio :frequency (RF) technology. 

C. Blue tooth technology. 

A. Infra red ( IR) technology: 

l. Based on the technology of infra red based 
2. Directional system which means that the transmitter should be directed to the 

receiver, and if something is blocking the signal like a wall; the system will not 

work. 
3. Short range, the distance in which the system can cover few meters. 

4. The signal could be affected by a noise signals. 
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B. Radio frequency (RF) technology: 

1. Based on radio frequency. 
2. Non directional system, nothing can block the signal from the transmitter to reach 

the receiver. 

3. Wide range, this system covers a wide distance up to miles and this depends on 
the used modules. 

4. The signal could be affected by noise signals. 

C. Blue tooth technology: 

1. It is a new technology. 

2. We can't say that it is limited because the technology we have in our country is 
limited up to 100 m, but it's over that range at the outside world. 

3. It is a unidirectional system. 

From the previous comparison we are going to use the second technology that is the radio 

frequency (RF) signal.Because: 

1. It is not limited for a couple of meters. 
2. It is unidirectional technology in which we will serve our project. 

3. Easy to implement. 

4. Cheap 
5. We believe that this is the actual way for the wireless communication and covers 

all what this project need. 
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Radio Frequency (RF) signal: 

RF (Radio Frequency) is any frequency within the electromagnetic spectrum associated 
with radio waves propagation and suitable for utilization in radio communication. Some of these 

waves serve as caniers of the lower-frequency audio waves; others are modulated by video or 

digital infonnation. Radio waves are identified by their frequencies, expressed in kilohertz 

(kHz), i.e., thousands of cycles per second, in megahertz (MHz), i.e., millions of cycles per 

second, or in gigahertz, i.e., billions of cycles per seconds. The frequencies cover a significant 

portion of the electromagnetic radiation spectrum, extending from nine kilohertz (9 kHz), the 
lowest allocated wireless communications frequency (it's within the range of human hearing), to 

thousands of gigahertz (GHz). 

The electromagnetic waves can be generated by alternating current fed to an antenna. 
When an RF current is supplied to an antenna, it gives rise to an electromagnetic field that 

propagates through space. This field is sometimes called an RF field; in less technical jargon it is 

a "radio wave." Any RF field has a wave length that is inversely proportional to the frequency; 
short waves have relatively high frequencies; long waves have relatively low frequencies 

RF is a good way to pass infonnation between two things. In the last few years, many 

cheap RF boards have become available on the market. Some wireless devices operate at IR or 

visible-light frequencies, whose electromagnetic wave lengths are shorter than those of RF fields. 

[4] 
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• Antenna: 

Antenna is a conductive device that converts electromagnetic waves into electric current 
and vice versa also designed to transmit or receive radio waves. Antennas are used in systems 

. . 
using wireless communication such as· radio, television broadcasting, wireless LAN, radar 

and...etc. The antenna radiate the modulated 'signal through the air so that the destination 
can receive it and usually work in air or outer space, but can also be operated under water or 

even through soil and rock at certain frequencies for short distances. 

The Antenna in Physical manner 1s an airnngement of conductors that generate a 

radiating electromagnetic field in response. to an applied alternating voltage and the 

associated alternating electric current, or can be placed in an electromagnetic field so that the 

field will induce an alternating current in the antenna and a voltage between its tenninals. 

There are two fundamental types of antennas, which, with reference to a specific three 

dimensional (usually horizontal or vertical) plane are: 

Either Omni-directional (radiates equally in all directions), or Directional (radiates more in 

one direction than in the other). 
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. . 
Antenna parameters 

There are several critical parameters that affect an antenna's performance and can be 
adjusted during the design process. These are: 

1. Resonant frequency that is related to the elechical length of the antenna. 
2. Gain which measures the directionality of a given antenna. Low gain emits 

radiation in all directions equally, whereas a high-gain antenna will preferentially 
radiate in particular directions. 

3. Impedance that results as electro-magnetic wave travels through the different 
parts of the antenna systems. 

4. Bandwidth that is the range of frequencies over which it is effective, usually 

centered on the resonant frequency. 
5. Effeciency in transferring power. 

Transmit antennas may also have a maximum power rating, and receive antennas differ in 

their noise rejection properties 

Depending on their use and operating frequency, antennas can take the fonn of a single 
piece of wire, a dipole grid such as a yagi array, a horn, a helix, a sophesticated parabolic­ 
shaped dish, or a phase array of active electronic elements of virtually any flat or convoluted 

surface. 
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., . 
The size and shape of antennas are determined primarily by the frequency of the signal 

they are designed to transmit or to receive. In our project we will use antenna as a single 
piece of wire. (2] 

2.3 Hypothesis: 

The hypothesis of this project evolved from the research collected about every theme 

related to the project. 

• Hypothesizing every component needed to make up this pmject is available and will 
perform its aimed operation. 

• Hypothesizing Jab. instruments and tools ne«led for testing and implementing the 

project are available. 
• Hypothesizing this project can be developed and controlled using PIC microcontroller. 

• Hypothesizing this project can be developed and implemented using wireless 

communication with radio :frequency (RF) signal. 

• · Hypothesizing the project software can be programmed by any high level or assembly 

language. 
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Project hardware: 

This project is made up from the following hardware components: 

1. PIC microcontroller that will control all system operations 
2. Transmitter with its encoder that will send needed data 

3. Receiver with its decoder that will receive data sent by the transmitter 

4. Alann system that will give a special sound like buzzer 

• Project software: 

Here are the following can be used: 

1. MPLAB IDE software program to write the software code that will operate our 

project. This software code will be written using a high level language that is C 

language. 
2. WinPIC800 software programmer to download our project program to the PIC 

microcontroller. 
3. PICI8 simulator IDE to simulate ourprogram and check it before downloading. 

2.4 Project integraty: 

■ Toe system does not have anything illegal related to relegion and operates within low, for 

example ~ use RF singnal and this signal is more acceptable in low in our countries than 

bluetooth signal. 
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» The system has no illegal input or response and also does not have bad ethicals. 
The system is secure since each card has its own secret identification code and each 

transmitter operates only with its compatable receiver with both must have the same 8-bit 
address. 

» This project is safe since no unsafe and harmful component is used and the alarm system 
chosen is very simple and unharmful. 

2.5 Project Components: 

Of course the basic unit of the system is the control unit that will control all the aimed 

applications, this unit is the microcontroller. The microcontroller is needed to perfonn security 

calculations wanted to examine if there is any break of the system work ( e.g. if the separation 

distance between the two cards became longer than that specified, means when the child is 

getting away from his/her mother). 

In the following sections we provide a detailed explanation of each component and each 

part of this project. 

2.5.1 lYiicrocontroller: 

A microcontroller is a cheap single-chip microcomputer. Single-chip microcomputer 

indicates that the complete microcomputer system lies within the confine of the integrated circuit 

chip. Microcontrollers are capable of storing and mnning the program that was written and 

downloaded into it. The main parts of a microcontroller generally consist of the Central 
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Processing Unit (CPU), ·Random Access Memory (RAM), Read Only Memory (ROM), 
input/output lines (I/O lines), serial and parallel pents, timers and other peripherals such as 
analog to digital (A/D) converter and digital to analog (D/A) converter. 

Microcontrollers ate inexpensive microcomputers. The micro controller's ability to store 
• 4 

and run unique programs makes it very flexible. For example, one can program a microcontroller 
to perform functions based on predetennined situations (1/0 line logic) and selections. The 
microcontroller's capability to carry out mathematical and .logic functions. allows it to imitate 

complicated logic and electronic circuits. [5] 

Other programs can make the microcontroller behave like a neural circuit or a fuzzy logic 

controller. 

• PIC 18F4520 microcontroller: 

This subsection provides a theoretical background about the PICI 8F4520. 

Different tasks related to this microcontroller, plus the problems faced and how they were 

solved . 

The PIC18f4520 is a very powerful 8-bit enhanced flash microcontroller based on Risk 

architecture with a nano watt technology, easy-to-program since it has only 7 5 single word 

instmctions as well as an extended set of 8 new instructions designed to optimize re-entrant code, 
operates at 40 MHZ frequency and is packed into 40- Or 44-pin package. The main features of 

PICl 8F4520 are given below: 
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PIC18F4520 main features: 

• 256 bytes of EEPROM data memory. 
• 32K enhanced flash program memory. 
·" Self programming under software control. 
• Up to 13 channel 10-bit Analog-to-Digital (AID) converter module. 

• 2 additional timers. 

• Capture/compare/PWM functions (CCP). 

• Enhanced capture/compare/PWM (ECCP) module. 

• Master synchronous serial port can be configured as either 3-wire Serial 
Peripheral Interface (SPIT) or the 2-wire Inter-Integrated Circuit (PCT") bus 

and 

• Enhanced Universal Asynchronous Receiver Transmitter (USART) module. 

All of these features make this PIC ideal in serving our needs for the project in single 

chip, since we need memory to hold digitized identification data, and modulation to modulate the 

carrier signal with the identification data, transmitter that is connected to the antenna for 

intermittent transmission of the carrier signal to the other card, receiver that is connected to the 
antenna for intennittent reception of a modulated carrier signal from the other card, and a 
comparator for comparing identification data in its memory with data carried in the modulated 

carrier signal received from the other card, all of these components can be carried over one chip 

that is PIC 18F4520. [6] 
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As mentioned previously, the microcontroller that has been selected in this project is the 
PIC 1 8F4520 from Microchip Technology Incorporate. This was done after a· long search, 

reading and comparison between it and other potential microcontrollers that can be used in this 
project. Simply, we have chosen this chip for its convincing key features as shown in table 2.1. 
The following points summarize why we select the PIC18F4520: 

• Up to 32Kx 16 words of FLASH Program Memory, this is quite enough for this project. 
• Only 75 single word instructions to learn with Assembly, therefore, it is not so hard to 

learn. 

• C compiler optimized architecture. 
• Serial communication through Enhanced Universal Synchronous Asynchronous Receiver 

Transmitter (EUSART) module. 

• Low price ( about 18$). 

Table 2.lshows a comparison between our PIC18F4520 and othermicrocontrollers. 
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Table 2.1: Key Features of Different 18F Mfcrocontrollers 

Key Features PIC 18F2420 PIC 18F2520 PIC 18F4420 PIC 18F4520 

Flash program memory 1 6K 32K 16K 32K 

# Single word instructions 8192 
, 

16384 8192 16384 
, 

SPRAM 768 1536 768 1536 

EEPROM (bytes) 256 256 256 256 

I/0 25 25 36 36 

CCP/ECCP (PWM) 2/0 2/0 Ill 1/1 

Timers 1/3 1/3 1/3 1/3 

• Transmitter: 

Simply, a transmitter is any object (source) which sends information to an observer 

(receiver). 

A transmitter propagates an electromagnetic signal such as radio with the aid of an 
antenna. A transmitter usually has a power supply, an oscillator, a modulator, and amplifiers for 
Audio Frequency (AF) and Radio Frequency (RF). The modulator is the device which 

piggybacks (or modulates) the signal information onto the cani.er frequency, which is then 

broadcasted To transmit a new signal, oscillatms create sine waves which are encoded and 

broadcasted as radio signals. 
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Transmitter is needed to convert the message signal that contains the identification code 
produced by the frequency generator into a form suitable for transmission through a wireless 

communication to. the other card. However, as the transmitted signal propagates along the 
channel, it is distorted due to channel imperfections. Moreover, noise and interfering signals 
(originating from other sources) are added to the channel output, with the result that the received 
signal is a corrupted version of the transmitted signal. 

• Receiver: 

A receiver is an electronic circuit that receives a radio signal from an antenna and 

converts the signal into sound, pictures, navigational-position information, etc. So the receiver 
operates on the received signal so as to reconstruct a recognizable form of the original message 
signal for a user. Receiver usually has demodulator or detector, filters and RF power amplifier. 

In this project receiver is needed to receive the message signal containing the transmitted 

card identification code. [8] 

2.2.3 Alarm 

This project has been basically designed utilizing two or more cards in intermittent 

wireless communication with each other within a defined communication range. 
Coming to this point the importance of the alarm arises. We need an alarm on card no.I 

h. h · · 1 0 nd when the alann system activated and another alarm on card no.2 wIucl gIves spec1a, sou 
which also should generate sound in certain sequence, so we can use it later in specifying the 
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location of this card. We should notice that this alarm system is activated if communication 
between two cards is broken. 

Alarm system is an electrical or electronic device that serves in case of danger by means 

of a sound or signal. There are many alarm systems that can serve what is needed in this project, 
buzzer is considered as a simple cheap alann and can serve this project perfectly. [2] 

• buzzer 

A buzzer or beeper is a signaling device, usually electronic that consists commonly of a 

number of switches or sensors connected to a control unit that determines if and which button 
was pushed or a preset time has lapsed, and usually illuminates a light on the appropriate button 

or control panel, and sounds a warning in the form of a continuous or intermittent buzzing or 

beeping sound. 

The word "buzzer" comes from the rasping noise that buzzers made when they were 

electromechanical devices, operated from stepped-down AC line voltage at 50 or 60 cycles. 

Other sounds commonly used to indicate that a button has been pressed to ring. 

Initially this device was based on an electromechanical system which was identical to an 
electric bell without the metal gong (which makes the ringing noise). Often these units were 

anchored to a wall or ceiling and used the ceiling or wall as a sounding board. Another 

implementation with some AC-connected devices was to implement a circuit to make the AC 
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current into a noise loud enough to drive a loudspeaker and hook this circuit up to a cheap 8-ohm 
speaker. Nowadays, it is morn popular to use a ceramic-based piezoelectiic sounder. [2] 

2.2.4 Batteries: 

A battery is an electrochemical device that stores chemical energy which can be 

converted into electrical energy by producing electrons through chemical reactions that is 

Electro-Chemical reactions. Chemical energy is stored and then converted to electrical energy on 
demand, thereby providing a direct-current voltage source. Although the term battery" is 

properly applied to a group of two or more electrochemical cells connected together electrically, 

both single-cell and multi cell devices are called battery. 

There are two general types of batteries; the primary (non rechargeable) battery and the 

secondary (chargeable) battery. [9] 

• Primary (non rechargeable) battery: 

The primary known as non rechargeable and delivers current as the result of a chemical 
reaction that is not efficiently reversible. Practically, this makes the primary battery non 
rechargeable. Only· one intermittent or continuous discharge can be obtained before the 
chemicals placed in it during manufacturing are consumed. Then the discharged primary battery 

must be replaced. 
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• Secondary ( rechargeable) battery: 

The secondary or storage battery is rechargeable because it delivers current as the result of a 
chemical reaction that is easily reversible. They come in many' different designs using different 

chemicals. 

Rechargeable batteries operate very much in the same way as regular battery when they are 
being discharged. However; when the battery is charged, the electrons flow in the opposite 
direction-of the discharge until it is fully charged. They can take electrical energy and store it as 
chemical energy for later use. 

Non chargeable batteries can be replaced with higher capacity, enviromnentally friendly, 

rechargeable butteries that last for longer each time they are charged and can be used many 

hundreds of times saving us a lot of money. So future applications are proposed to use 

rechargeable batteries and this project uses them. [9] 

There are several types of rechargeable-battery chemistries: 

I. Nickel-Cadmium (Ni Cad) batteries. 

2. Nickel-metal-hydride (NIMH). 

3. Lithium-ion. 
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4. Zinc-Air. 

5. Rechargeable alkaline. 

But which type is most suitable for this project? Really, there are three main considerations: 

•. Cost. 

s Performance for a given application. 

• · Environmental friendliness. 

Since one objective of this project is to develop a portable system that is invisible to the 
person using it and easy to cany, we need a small sized rechargeable buttery that gives as the 
needed voltage and last for the longest possible time. However, we didn't find a specific buttery 
that has all features that we just provided, but we found that Lithium-ion is the most suitable 

available rechargeable buttery for this pmject for the following reasons: 

1. These butteiies produce the same energy as NIMH butteries but are 40% smaller, half the 

weight. 

2. Cheap 

3. Very good power to weight ratio 
4. Better for the environment because they don't contain toxic materials such as cadmium or 

mercury. 
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Chapter three 

Design Concepts 

The project objectives and its general block an:l sub blocks diagram will be shown in 

this chapter. 

3.1 Project Objectives: 

This section gives a clear picture about objectives that we rum to achieve after 

implementing this project. The main objectives are listed below: 

• To develop a portable security system that is small enough to be virtually invisible to 
the person using it so that each card is sized to be sufficiently small and easy to carry. 

" Designing and programming a system controller unit and interface it with other 

components. 

+ To achieve security by means of placing two identification codes in the memory of 
each card and use a comparator for detennining if a correspondence exists between the 
identification code in the memory and code carried in the modulated carrier signal 

received from the other card. 
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• To develop a portable security system with an alann that sounds if such a 

correspondence is not created in the comparator means on the first card after defined 

number of transmissions of the modulated carrier signal by the first card. 
This alarm should be activated on both cards when mismatch code generated and when 
the other card will be out of the defined range. 

3.2 Design options: 

There are many issues that we must consider in order to build a functional, successful 

and reliable portable security system using communication cards. That issue involves proper 

design, choice of major components, methods for modulation and others, which are a challenge 

on its own. There are many alternative options for choosing each component and this section 

talks about each available option. 

3.2.1 Microcontroller: 

Micro controller controls different needed functions for the entire project. We have two 

available suitable options: 

1. PIC 16F877 

2. PIC 18F4520 
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a To develop a portable security system with an alarm that sounds if such a 
correspondence is not created in the comparator means on the first card after defined 

number o_f transmissions of the modulated canier signal by the first card. 

This alann should be activated on both cards when mismatch code generated and when 

the other card will be out of the defined range. 

3.2 Design options: 

There are many issues that we must consider in order to build a functional, successful 

and reliable portable security system using communication cards. That issue involves proper 

design, choice of major components, methods for modulation and others, which are a challenge 

on its own. There are many alternative options for choosing each component and this section 

talks about each available option. 

3.2.1 Micro controller: 

Micro controller controls different needed functions for the entire project. We have two 

available suitable options: 

1. PIC 16F877 

2. PIC 18F4520 
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• PIC 16F877: 

The PIC 16f877 is an 8-bit microcontroller based on Risk architecture, easy-to-program 
since it has only 35 single word instructions with 200 nanoseconds execution time and is 

packed into 40- or 44-pin package. The convincing features for choosing this microcontroller 

are: 

• Up to 8Kx 14 words ofFLASH Program Memory, that is quite enoug for this project. 

• Only 35 single word instructions to learn with Assembly, therefore, it is not so hard to 

learn. 
• Low price (about $12-$20). 

But the problem in choosing this PIC is the difficulty in programming because it does 
not have a high level language compiler specially that its programmer is not available in 

our university and very expensive to be pmchased. 
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• PIC 18F4520: 

This project uses PIC18F4520. Its·key features are explained in chapter two and are 

closely related to PIC 16F877 features microcontroller, and the option of choosing 
PIC18F4520 refers to: 

• High computational performance. 
• Economical price. 

• High endurance. 

• Enhanced Flash program memory. 

• Its programmer availability in our university. 

• It is C compiler optimized architecture so it is programmed using C language that the 

project team familiar with. 

" Availability of Mp lab program used in programming it. 
• Mplab already provides built functions that makeprograrnming easier. 
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3.2.2 Transmitter: 

The transmitter is used to transmit the identification code. Two suitable options are 
available: 

1. RTQ4-XXX transmitter. 
2. RT4-XXX transmitter. 

• RTQ4-:XXX transmitter: 

It is an ASK radio transmitter with crystal oscillator and extemal Antenna that allows 

to realize a complete radio transmitter adding a coding circuit and shows stable electric 

characteristics. It has the following features: 

• High Output Power. 

• Range I 00+ meters. 
• Working frequency (433.92, 868.35, 915 MHz) and available as 433, 868 MHz. 

It seems an excellent choice fa this project, but the problem is that we don't have much 

availability of components. 
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■ RT4-:XXX transmitter: 

Fortunately RTQ4-XXX is a pin out compatible with RT4 Transmitter that is much 
available at a suitable price. This transmitter is discussed in detail in chapter two and here we 

give the key features that convince us in choosing this excellent transmitter. 

Available as 315, 418, 433 MHz 
• Range up to 70 metms 

Available In DIL or SIL Package 
» Wide Operating Voltage 

It seems that its range is less than R TQ4 transmitter. But indeed, 70m is enough for this 

project and does not need more. 

3.2.3 Alarm system: 

Alann system is needed to give a special sound that indicates bth mother and child 

locations. We have two available suitable options: 

I. Alann system using555 

2. A simple buzzer 
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■ Using 555 timer: 

It is circuit built from: 555 timer and RC circuit edged by a simple speaker. This circuit 

is activated when PIC l 8F4520 microcontroller command it to work according to certain 

conditions. The circuit gives a good sound, but in order to achieve a relatively reliable high 

sound, we can connect an amplifier, thereby giving a much stronger sound good enough to 

indicate both mother and child location at a longer distance. The circuit schematic is shown 
below: 

· I00k 

0.1u 
DSCHG OUT . . . . . .. 
CV 0.1u 

CONNECT TO THE RST 
THR 555 PIC TRG 

IOK -..:c 8 \/CC 

. --..:c 

Fig.3.1 Alarm using 555 schematic 

• A simple buzzer: 

0.1u 

~­ Iv 
"7) SPEAKER 

• · · h t ill take in this project. It is a simple circuit that has only a This option is what we wil 
· d to tr nsistor This buzzer when triggered by PIC 18F4520 gives a simple buzzer connecte a a · . 

• • • • th I t· n of both mother and her child. The reasons for choosmg special sound indicating e 1ocat1o 

this option is that 
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I. It is a relatively very simple circuit with only two components. 

2. Buzzer is much available in our market. 
3. Gives us the needed sound and this buzzer can be replaced with a much higher 

sound circuit like piezoelectric alarm. 

3.3 Design realization approach: 

In this project we will follow the prototype approach when we implement the project 

system. We will build two cards (the mother card and son card) with both have symmetrical 

components. Those components are PIC, transmitter with encoder, receiver with decoder and 
alarm system. RF communication signal holding digital code will be sent and received between 

both cards. 

3.4 General block diagram: 

This section illustrates all general components of the system, their block diagrams and 

routines embedded in the two cards. 

Fig3.2 illustrates two thin cards with their major components. These major components 

are microcontroller, transmitter, receiver as well as the alarm. 
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The transmitting/receive part acts on both the reception and transmission of a radio frequency 

(RF) carrier signal through which card no.l intermittently transmits specific signal to card 
no.2. The controller at card no.2 continuously monitors the received demodulated signal, and 

on sensing the commencement of such signal the controller prepares other embedded circuit 

parts as shift register and comparator for comparing this signal with an identification code in 
the card memory. Meanwhile, card no.I has started monitoring for any sign of a return carrier 
, 

signal and on sensing. the commencement of that carrier signal; .card no. l controller prepares 

other circuit component as shift register and comparator for comparing the received signal with 
code in card no. l memory. On matching those codes, we reset a timer and card no.2 is in safe 
domain. If the timer is not reset during a defined number of transmissions by the first card, the 

alarm circuit will be immediately activated on both cards. 

In the following section we will show each component block diagram and the 

interfacing between those components in more details. 
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T 
Transmit/ 
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Microcontroller 

Alarm 

J, 

Transmit/ I } 

· Receive part ✓
Microcontroller 

y 

B- 
Fig. 3.2: General Block diagram 

3.5 Interfacing of the main components & sub components 

This section illustrates interfacing between all components of the system, their detailed 

block diagrams and detailed system circuits operations. 
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• Microcontroller PIC18F4520 part: 

This portable security system is based on PIC18F4520 microcontroller to control 

functions of memory, the modulation means, the demodulation means and the comparator 
means. 

As we can see in Fig.3.2 shows the general interface between the microcontroller and 
the other two major components; transmitter/receiver and the alarm. 

Card no.2 microcontroller continuously monitors receiving any sign of a received 
carrier signal and on sensing such a signal the controller prepares it to be compared with an 

identification code placed in the card memory (PIC 18F4520 memory). If both are matched 

then the microcontroller order the transmit/receive part to generate carrier signal and prepared 
it to be sent by transmitter to card no. I. At this moment, controller on card no. I has started 
monitoring receiver for a return carrier signal from card no.2. On sensing that signal, controller 
prepares it for comparing with identification code placed at card no. I memory. If matched, the 

controller restarts an internal timer. If this timer is not restarted during a defined number of 

transmissions by the first card, the controller activates the alann. 
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Fig. 3.3 PICl 8F4520 detailed block diagram. 

• Transmitter/Receiver part: 

On both cards a transmitter/receiver is mounted that is acting on both transmission and 
reception of a radio frequency (RF) carder signal. 

The card receiver receives the modulated carrier signal coming from the other card 

intermittently. The demodulator placed at the receiver demodulates the carrier signal coming to 

the card in order to obtain a digital code carried in that signal. That code, will be prepared for 

comparing operation done by the comparator with the identification code placed in that card 
memory. In case that both codes are matched, carrier signal is generated and the contents of 
identification code register are fed into the carrier signal at the modulator housed in the 

transmitter. The transmitter then sends the carrier signal to the other card intermittently. 
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As a first stage we need to define the frequency on which the transmitter will operate and 

that is done by the frequency generator or oscillator. The basic operation that must be 

performed on the carrier signal is modulation which is performed as the second stage by the 
modulator. The identification code placed in the card memory is fed into the canier signal 
generated by_ the carrier signal generator at the modulator. The canier signal and the 

identification code are modulated by means of modulation which is a technique for impressing 

information (voice, music, picture, or data) on a radio-frequency canier wave by varying one 
or more characteristics of the wave in accordance with the intelligence signal. In this project 

modulation can be done by varying the amplitude (or height) of the canier known as amplitude 

shift keying modulation (ASK). However, there are various forms of modulation, each 

designed to alter a particular characteristics of the carrier wave. 

The power amplification of the radio signal is carried out in the final stage of the block 

diagram. It makes the signal stronger so that it can be transmitted into the aerial. However, the 

RF power amplifier output must be connected to a correctly matched antenna (the "Load") to 
work properly. The carrier signal is sent and received between two cards through this antenna. 

Using wrong antenna, or no antenna, can cause damage to the transmitter. 

Fig. 3.4 shows our detailed transmitter block diagram. As we can see, the transmitter has 

three major parts: modulator, frequency generator and the radio frequency power amplifier. 

T · • t d t the antenna for the transmission of the carrier signal to the other ransm1tter 1s connec e o 

card 
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Modulator [ ~--~ RF power 
amplifier 

Frequency 
Generator 
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Fig.3.4 Transmitter block diagram 

RT4-433.92 Radio Transmitter: 

This project uses RT4-433.92 as its transmitter. RT4-433 is a hybrid circuit that allows 

realizing a complete radio transmitter adding a coding circuit with SAW resonator and external 

antenna. 

We have chosen this transmitter for its features; its high reliability in a DIL package 

(Dual In-line Package) with stable electric characteristics "thick film hybrid technology". 

433.92 MHZ is enough for this project as it serves about 70m which is a good distance for 

determining if the child has bea away from his mother. 
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Coming to this point, we will talk about the receiver. Fig. 3.5 shows our detailed 

receiver block diagram. As we can see, the receiver has three major parts· that are the 

demodulator, filter and the radio frequency power amplifier. Receiver is connected to the 

antenna for receiving the carrier signal has been sent by the other card. The canier signal is 
received :from the other card through an antenna which is connected to a power amplifier. The 

power amplification of the radio signal is carried out in the first stage of the block diagram. It 

makes the signal stronger so that it can be transmitted into the aerial. This amplifier is 
connected to a filter that is needed to pass only our frequency. As a final stage, this filter is 

connected to a demodulator for the process of demodulation. 

Demodulation is the act of removing the modulation from an analog signal. 

Demodulating is necessary because the receiver system receives a modulated signal with 

specific characteristics and it needs to tum it to its original characteristics. 

There are several ways of demodulation depending on what parameters of the signal are 

transmitted in the carrier signal, such as amplitude, frequency or phase. And because our signal 
has been modulated with a linear modulation ASK (Amplitude shift keying Modulated), we 
need an ASK demodulator. After this process, we get the original identification code that is 

ready to be sent to the shift register to be compared by the comparator with the previously 

stored identification code. [I OJ 
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Fig. 3.5 Receiver block diagram 

RR3-433.92 Radio Receiver: 

This project uses RR3-433.92 as its receiver. RR3-433.92 is a super regenerative 

amplitude shift keying (ASK) radio receiver with laser trimmed inductor. 

We have chosen this receiver for its features; that its high frequency stability in 

presence of mechanical vibrations, manual handling and in a wide range of temperature. 
The frequency accm-acy is very high, thanks to laser trimming process. Fig. 3.6 shows RR3 

block diagram. [10] 
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Fig. 3.6 RR3 block diagram 

• Alarm part: 

Both cards houses a simple alarm that is activated if no correspondence is created after 
defined number of transmissions of the modulated carrier signal between the two cards. 

Simply, within a defined communication range, a modulated earlier signal intermittently 

transmitted by the first card is adapted to create a correspondence on the other card, on finding 
such correspondence; the other card is adapted to transmit a return modulated carrier signal to 
the first card. The retum modulated carrier signal is adapted to create a correspondence in the 
first card after resetting an intemal timer as we refereed previously. However, if the timer is 
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not restarted that is the correspondence is not . ted creae on that card after a defined number of 
transmissions of the modulated canier signal by th t ·d 1 • . • · · » · v, 1at cara, then an alarm register will be setting 
and this setting will activate our simple alarm circuit 

Microcon troll er Interface circuit (e.g 
: transistor, timer555) 

Sound part 
(e.g: Speaker, Buzzer) 

Fig. 3.7: Alarm Block Diagram 

As shown in fig. 3.7 the alann system can be implemented using either a transistor 

connected to a buzzer or by using timer 555 connected to a sound speaker. PIC l 8F4520 

microcontroller will nigger the buzzer through the transistor base that is connected to one of 
the PIC I 8F4520 output ports, or will activate timer 555 and though speaker gives sound. 

However, this alann activation can only occur if such mismatching between both cards codes 

occur or ifthere is no respond between both cards. 
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Embedded card circuitry 

Fig. 3.8 shows the two card of the project more details with the interface between all the 
project components and sub components. As shown in the figure, each card is housing: 

1. A PICI 8F4520 microcontroller that embodies the following components: 

a. A memory holding a digital identification code for identifying the card. 

b. A comparator means for determining if a correspondence exists between the 
identification code in the memory and the digital code carried in the modulated 
canier signal received from the othe.- card. 

2. Also each card housing an antenna 

3. A transmitter connected to the antenna for intennittently transmitting the 

modulated canier signal to the other card. 

4. A receiver connected to the antema for intennittently receiving a modulated 

canier signal from the other card. 
5. Modulation means for modulating the· carrier signal with the identification code 

in the memory. 
6. Demodulation means for demodulating the carrier signal to obtain a signal code 

carded in that signal. 
7. Both cards housing an alarm means that it is activated if the correspondence is not 

created in the comparator means on the first card after a defined number of 
transmissions of the modulated carrier signal by the first card. 
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Fig3 .8 Complete project block diagram 

On card no.I (mother card) is mounted an antenna that acts on both the reception and 

transmission of a radio frequency (RF) carrier signal. The antenna is connected to signal 

demodulator, and to a signal modulator. Signal demodulator removes the digital identification 

code from the carrier signal, and that code is shifted serially into a shift register. Once register 

has been loaded, its contents are compared in a comparator with the contents of the 

identification code register. If the contents of both registers are matched, comparator produces 

a code match signal on output line to the controller. The second card has similar components. 

The differences between the two cards will be discussed later. 
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An antenna is mounted on mother card and initiates the intermittent communication 
between the two cards. A controller o · th •d · · n mot er car turns on a carrier signal generator 
connected to a modulator. After the carrier signal has stabilized, the contents of identification 

code register are fed into the carrier signal by modulator. A controller on the card no.2 (son's 
card) continuously monitors demodulator for any sign of a carrier signal, and on sensing the 
commencement of such a signal the controller prepares shift register to receive an 

identification code from demodulator. Once shift register has been loaded serially, its contents 
are compared in comparator with identification code register. If the two inputs to comparator 

match, the output line from comparator changes state. The change in state causes son's card 

controller to tum on carrier signal generator connected to modulator. After the carrier signal 
has stabilized, the contents of an identification code register at the son's card are fed into the 

carrier signal at modulator. 

Meanwhile, controller at the mother card has turned off carrier signal generator and has 
started monitoring demodulator for any sign of a return carrier signal from the son's card. On 
sensing the commencement of that retum carrier signal, conh·oller at mother card prepares shift 

register to receive an identification code from demodulator. The shift register is then loaded 

serially, and its output compared in parallel with the identification code register on mother card 

· by comparator on that card. If the comparator output line changes state, indicating a match, 

controller at mother card restaits operation again. If mismatching occurs or no signal sensed, it 
• .c. · h ki .c. • • nately 2.25 second if this period finished without matching or waits tor cliecl ng tor approx · '> 

· · 1. ·troll • at both cards activates an alann circuit that is housed within sensmg any s1gna., con o er 
mother card as well as son's card. 
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Chapter Four 

Hardware System Design 

4.1 Preface: 

This chapter gives a big look about the options can be used in implementing this project. 
For example is there any choice can b d t · 1 · · · e usec to implement this project using another 

microcontroller, another transmitter or another alarm system. It also provides the full schematic 
view to this project for each subsystem in it and also for the complete system. 

4.2 Project phases: 

1. Transmitter at the mother card will send identification code to the receiver of the son 

card. 
2. If data reaches sons card successfully, receiver demodulates data and data will be ready 

to be compared with the stored son identification code. 
3. If both codes match each other, son's card reply with a signal holds sons identification 

code and send it to be compared at the mother card. 
4. If codes do not match or no data received, PIC will activate alam system at son's card. 
5. If the mother's card receive signal from her son, then comparison operation with the 

stored mother's identification code will be done. 
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6. If both codes match each other, mother card intern replies with a signal holds motha's 
identification code and send it to be compared at the son card. 

7. If both codes do not match orno data received, PIC will activate alann system at mother's 
card. 

4.3 Schematic design 

This chapter illustrates a detailed schematic design for the major components that make 

up this project as well as the interfacing schematic design for all of these components together. 

The components are: 

1. Transmitter RT4-433.9 

2. Receiver RR3-433.92 

3. PIC 18F4520 microcontroller 
4. Alarm system 

4.3.1 Transmitter RT4-433.9: 

th sage signal that contains the Simply, the transmitter is used to convert e mes ·4 • 
erator into a form suitable for transmission 

identification code produced by the frequency gen 

hr . :ati t the other card. tI rough a wireless communic ton to 
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This project uses RT4-433.92 as its transmitter. RT4-433 is an AM/ASK complete RF 

hybrid transmitter with very stable frequency at a range up to 70m. It allows realizing a complete 

radio transmitter adding a coding circuit with SAW resonator and external antenna. The 
transmitter is shown in fig.4.1: 

It has four pins: 

I. Pinl is connected to the supply voltage (+5v) 

2. Pin2 is connected to the ground 

3. Pin3 is a data input connected to the output of the encoder 

4. Pin4 is connected to the antenna to transmit the data serially. 

~I,_____, 
Vee 

RTg EA ! 
GND 

Fig. 4.1 RT4-433.9 transmitter 

. ·t '··formation (address + data) that is previously encoded RT4-433.9 transmitter transmits ini 
. · t ses HT-12E encoder. via an encoder and this project u 
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■ Encoder HT-12E: 

HT-12E encoder is one of 2° series of encoders that is used for remote control system 

applications. These encoders are capable of encoding information which consists of N address 
bits and 12-N data bits. Each address/data input can be set to one of the two logic states. The 

programmed addresses/data are transmitted together with the header bits via an RF transmission 

medium upon receipt of a nigger signal. The capability to select a TE nigger on the HT-12E 
enhances the application flexibility of the 2° series of encoders. HT-l 2E is shown in :fig.4.2 

1 ...... 
13 VDD .l\O 

A1 2 17 DOLT 
A2 3 16 os::::1 
Aa 2 15 osc2 
A¢ 5 1¢ TE 
J\5 6 13 .'\D11 
A6 7 12 AD1O 
A7 a 11 ADS 

533 9 10 A Da 

HT 1.2E 
-18 DlP 

Fig. 4.2 HT-12E encoder 

As it shown-in the figure, this encoder has 18 pin: 

1. Pins ( 1-8) are input pins for encoder address (AO-A 7) setting 

2. Pin 9 is connected to ground 
3. Pin (10-13) are input pins fur address/data (AD8-AD11) setting 

4. Pin 14 is a transmission enable for this enroder . MO I . 
5. Pins 15/16 come from output/input oscillator pins and are connected to 1 t1at gives 

the best oscillatiig frequency. 
· · utput 6. Pin 17 is encoder data serial transmissmn ° 

7. Pin 18 is connected to the positive power supply(+5v) 
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■ Transmitter schematic: 

The HT -12E encoder has to take a specific address; in this project we give it an 8-bit 

address (AO-A7). The four AD8-AD11 pins are considered as data pins that will take the 

identification code needed to be carried over the RF signal to be transmitted to the other card. As 

the transmission enable (TE) is enabled; the information (address + data) would be available at 
the output pin (D out) that is connected to pin 3 ofRT4 transmitter and that encoded information 

would be carried over RF signal. Fig 4.3 shows the transmitter schematic with its combatable 
encoder. 

RT4-433.9 

~3 

-=-o 
u2 

O DOUT 17 

A1 
A2 
AS 
A4 
5 LI 
#6 I 

a ,- 
T -=-o 1/0,, .AD8 1/0 AD9 1/0 AD10 1/9 .AD11 

1M 16 OSC1 15 OSC2 
14 TE 
18 MD D 

Fig. 4.3 Transmitter schematic 
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4,3.2 Receiver RR3-433.92: 

Simply, we need a receiver in order to receive the message signal containing the 
transmitted card identification code. 

This project uses RR3-433.92 as its receiver. RR3-433.92 is an AM/ASK super 

regenerative radio receiver with laser trimmed inductor that is combatable with the used 

transmitter. The receiver is shown in fig.4.4. 

It has 15 pins: 

1. Pins (1,10,15) are connected to supply voltage (+5v) 

2. Pins (2, 7, 11) are connected to the ground 
3. Pin 3 is connected to external antenna 

4. Pin 14 is the receiver output connected to decoder input 

5. Pins (4,5,6,8,9,13) are not connected 

AERIAL 
RR3-XXX 

I data 

+S\V 

Fig.4.4 RR3-433.92 receiver 
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The RR3.433.92 receiver oi th · c. . · o.ves e InJ.onnation received to a decoder that will 
perform the demodulation proc · d . ess m or er to get our needed previously transmitted 
identification code. The decoder used in this project is HT-l 2D decoder. 

• Decoder HT-12D: 

HT-12D decoder is one of 2° series of decoders that is used for remote control system 

applications and is combatable with HT-12E encoder. For proper operation, a pair of 

encoder/decoder with the same number of addresses and data fonnat should be chosen. 

The decoders receive serial addresses and data from a programmed 2 series of encoders that 
are transmitted by a carrier using an RF transmission medium. They compare the serial input 

data three times continuously with their local addresses. If no en-or or unmatched codes are 

found, the input data codes are decoded and then transferred to the output pins. The 2 °series of 
decoders are capable of decoding information that consists ofN bits of address and 12_N bits of 

data. Of this series, the HT-12D is arranged to provide 8 address bits and 4 data bits. HT-12D is 

shown in Fig. 4.5. 

AD 
A 
A2 

V.OD 
17 VT 

OSC.1 
osc2 
DIN 

12 D10 
11 D3 
td 93 

HT12D0 
-18 DIP 

Fig. 4.5 HT-12D decoder 
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As it shown in the figure, this decoder has 18 pin: 

8. · Pins (1-8) are input pins for decoder addr (AO A . • • ' ' IeSS - 7) setting 
9. Pin9is connected to ground. 
10. Pin (10-13) are output data pins (D8-Dl l) setting 

11. Pin 14 is a serial data input pin acts as a tn· . .c-. th d gger for e tecoder 
12. Pins 15/16 come from output/ir 1t ·ill: ·. . mpu osc1 ator pms and are connected to 47 Kn that gives 

the best oscillating frequency. 
13. Pin 17 for valid transmission 

14. Pin 18 is connected to the positive power supply(+5v) 

• Receiver schematic: 

The receiver output pin (14) is connected to the HT-12D input (DIN). This HT-12D 

decoder has a specific 8-bit address (AO-A7) combatable with the used encoder address. The 
decoder receive data that are transmitted by an encoder and interpret the first N bits of code 
period as addresses and the last 12-N bits as data, where N is the address code number. A signal 

on the DIN pin activates the oscillator which in. tum decodes the incoming address and data. The 

decoders will then check the received address three times continuously. If the received address 
codes all match the contents of the decoder's local address, the 12-N bits of data are decoded to 

activate the output pins and the VT pin is set high to indicate a valid transmission. This will last 

unless the address code is incorrect or no signal is received. At the end of this process we get our 
original identification code that was transmitted over an RF signal and now is ready to be 
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compared by the microcontroller. Fig 4 6 sh . 

d 
. ows the receiver schematic with its combatable 

deco er. 

. . -=-o . 

14 DIN 1/0 08 
·og l/0 

/!-0 010 =±% AI 011 
A2 17 A3 vr 
A4 
/!6 
A6 ·c· 
A7 N, r 
0SC1 :l: 

0SC2 
18 VDD 

Fig.4.6 Receiver schematic 

4.3.3 PIC 18F4520 Microcontroller: 

-t6v 

This project uses PIC I 8F4520 to control the functions of transmitter, receiver and alarm 

system. This microcontroller is packed into a 40 pin package as shown in Fig. 4.7 
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Fig.4.7 PIC18F4520 

It has the following features: 

1. 20 MHZ operating frequency. 
2. Memory: 32768 bytes memory, 16384 bytes program memory, 1536 bytes data 

memory 

3. Five I/0 resources: A, B , C, D, E 

4. Four timers 
5. One capture/compare/PWM module with another enhanced 

capture/ compare/PWM 

6. 20 interrupt som·ces 
7. MSSP with enhanced USART serial communication 

8. Parallel communications PSP 
9. Programmable high low voltage detects. 

10. Programmable brown out reset 
11. Instruction set: 75 insnuctions with 83 extended insnuctions enabled. 
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All the other project compon t en s are connected to this microcontroller in a way 
that each of them can perform its proper ope ti di ·d b l eration as 1scusse e ow. 

4.,3.4 Alarm: 

This project uses two alarm systems housed on both cards. An alarm system is needed to 

give a special sound if communication between two cards is broken; this sound is useful to 

indicate both mother and child's location. 

The alarm system used in this project is a simple buzzer that has two edges. With edge 1 

is connected to Vee (5v) while edge 2 is connected to a transistor. This buzzer gives a special 

sound to indicate the location of both mother and her child. Fig. 4.8 shows the alarm system 

circuit. 

vcc 

LS1 
r l BUZZER 

Q1 
2N22 19 

. -=-o . 

Fig. 4.8 Alarm schematic 
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As shown in the figure, edge 1 of the buzzer is connected to the collector of the transistor 

while the transistor emitter is connected to ground and the transistor base is connected to an 

output pin of the microcontroller; this output pin works a trigger that activates the alarm 
when needed. 

4.3.5 Whole system schematic: 

As we can see from fig. 4.8, PIC l 8F4520 is connected to all project components. Those 

are: transmitter, receiver and the alarm. 
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F. 4 9 Whole system schematic 1g. · 
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As the stored identification code needed t b h k . • o ve checked is a four bit code. We need four 
Pins to send a specific 4 bit identification code to the d . . . . encoder input, four input pins to receive 
[our bit code from the encoder output, one output' pin connected to the alarm, in addition to two 
ground pins and another two for Vee and one pin for reset (MCLR/VPP/RE3), 

PIC 18F4520 uses four pins of port A specifically pins(A0-A3) from the LSB till the MSB 

as input pins to receive four bit data from the output of the decoder which is connected to RR3 
receiver. This code is compared with. a four bit identification code stored in one of the PIC 

intemal registers. If they are matched, PIC will use four pins of port B as output pins specifically 

pins (BO-B3) from the LSB till the MSB to send four bit data to the input of the encoder that is 

connected to RT4 transmitter in order to be sent to the other card. But if both codes are 
mismatched PIC will nigger the alann circuit. 

Pins 13/14) come from output/input oscillator pins connected to 20 MHz that gives the best 
oscillating frequency. High volts (+5v) were given through pins (11,13) and ground through 
pins(12,3 l) ,also to ensure that it always gets five volt what ever the input is; we used a 

regulator interfaced with the power supply. 
Pin (4) of the PIC ➔ pin 2 of the port A is connected to the base edge of the transistor which 

is connected to the buzzer. This pin works as a nigger that activates the alann circuit if 

mismatching between both cards occurs or such communication signal cannot reach either card 

for any reason. · · 

Wh . (4) . 1 ' high (D) output then the buzzer is activated at.both the mother and en pin gives tog1c h, 3 
. · . . 1 d . di tes their location. Keeping in consideration the her child cards and gives a special sounc 1ncicat. 

difference in sound for both cards. 
. . hi s that matching between both cards occurs and 

If pin (4) gives logic low output (0), tl is mean 
ited the child is safe, thereby the buzzer should not be activa · 
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5 Software System Design 
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5.2 WinPIC800. 

5.3 MPLAB IDE.· 

5 .4 Simulation. 

5.5 System Algorithm. 

5.6 Program Code. 

72 



Chapter Five 

Software System Design 

5.1 Preface: 

This chapter describes the basic program used to operate PIC l 8F4520. Some methods and 

psudocode are used to simplify this program, it also conta alg ·thm de · , n runs gont ns escnbe both cards 

processes from first step in the project (initialize the ports & tr ·ttt· h · 1 ransmiting the signal) to the final 

step (receiving signal and perform the action elated to the sigal). 

The overall software is programmed by using C language. 

5.3 WinPIC800: 

Being that PIC has the ability to be programmed more than one time, so there must be an 

interface circuit between the PIC and the PC (personal computer) so we can read from and write to 

it (programming). Also the PC should have software which we can program PIC18F4520 through 

it and that software used is WinPIC800. 

WinPIC800 is free download software used to operate along with the corresponding 

programmer built for our PIC 18F4520. 
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The WinPIC800 and its programm r . · · nersupport multiple series from the Microchip PIC (for 8 
: 18 pin 28 pm, 40 pin). There are m d · pin any tevices that are compatible with WinPIC800. This 
pic800 programmer downloads the HEX fl h win] tle that represents the program we want to download 

it on the PIC. 

Winpic800 Software is very easy to deal with, and use through its friendly UI (User 
Interface). Before that the software should be downloaded to the PC (which can be downloaded as 
free from internet), then the programmer circuit is connected to the PC through Parallel port, then 

we can work easily with programmer. 

First of all the PIC 18F4520 should be fixed in its place on the programmer circuit. Be sure 
that there is power supply connected to the circuit, then start Winpic800 Software. Through its 
window· first we detect the connected device and in our case the program should give us that "the 

detected device is 18F4520", then we open the .HEX file stored on the PC, download it on the PIC 

through "program all button". To be sure that the program downloaded correctly we use "verify 

button" which checks the downloaded code. There is property on this software that we can read the 

code stored on the PIC. Fig5.1 shows Winpic800 Software interface. 
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Fig. 5.1:Winpic80O Software. 

5.3 MPLAB IDE: 

MPLAB IDE is a Windows@-based Integrated Development Environment (IDE) for the 

Microchip Technology Incorporated PICmicro® micro controller. MPLAB IDE allows the user to 

write, debug, and optimize PICmicro microcontroller (MCU) applications. MPLAB IDE includes a 

text editor, simulator, and project manager. MPLAB IDE also is easy-to-learn and use Integrated 

Development Environment (IDE). 
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Ox0008: FF!'F FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
0x0010: FEFF FFFF FFFF FFFF FFFF FEFF FEFFF FFFF 
0><0018: FFFF J!T!T !'!'Fl' FRF RFF l'Fl'F FlTl' FFFF 
ox0020: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
ox0028: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
0><0D'.30: l'JiTJi' l'l'IT JTIT l'l'l'I' l'l'l'I' l'ffli' l'l'IT J'l'l'I' 
ox0038: !'Fl'F J!T!T ITFF FFFF F!'Fr l'FFF FlTl' FFFF 
0><0040: rn'F FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
0x004o: EPP EEEE EEF FEFE FPEPPP EFFF FFF 
Ox0050: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
Ox0050: FFFJ!' FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
UXUUou: EEEE EEEE EEEE EEEE EEEE FEFE EEEE EEFF 
0><0068: FF!'F J!T!T FFFI' FFFF FFFF FFFF FFFF FFFF 
Ox0070: l'FFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
0xO076: PEFF EFFF FFFF FFFF FFFF FFFF FFFF FFFF 
><0080 : !TIT !TIT !Tf'f' f'f'f'f' f'ITf' f'fi'f' f'l'fi' ITfT 

0><0088: FFFF FlTF !TFF FFFF FFFF FFFF FFIT FFFI' 
0><0090: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
0><0098: FE'FF FFFF FFFF FFFF FFE'F FFFF FFFF FFFF 
OxO0A0: FEFF FFFF FFFF FFEFF FEFF FFFF FFFF FFFEF 
OKOOJl.8: ffl'F lTlT nrr l'ffF ffff l'Fl'F Fl'lT Fl'FF 
nsnntn , tarn mu mu! III m+» ±III rI mum 
Ha> GTPOA-LPTI 

5.3 MPLAB IDE: 

·········· ······ 
... ············· 
················ ················ .......................... 
······· ········· 

················ 

Fig. 5.1 :Winpic800 Software. 

y 

:MPLAB IDE is a Windows@-based futegrated Development Environment (IDE) for the 

Microchip Technology Incorporated PICmicro® microcontroller. MPLAB IDE allows the user to 

write, debug, and optimize PICmicro microcontroller (MCU) applications. MPLAB IDE includes a 

text editor, simulator, and project manager. MPLAB IDE also is easy-to-learn and use futegrated 

Development Environment (IDE). 
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The MPLAB C18 compiler has the following features: 

• Integration with the lvfPLAB IDE :6 . · .' · 7 tor easy-to-use project management and source-level 
debugging. 

@ Generation ofrelocatable object modules for enh: d d J 11 ance co e reuse. 

• Compatibility with object modules generated by the MP ASM asserrbler, allowing 

complete freedom in mixing assembly and C programming in a single project. 

• Transparent read/write access to external memory. 

• Strong support for inline assembly when total control is absolutely necessary. 

• Efficient code generator engine with multi-level optimization. 
• Extensive library support, including PWM, SPJTM, l2C™, UART, USART, string 

manipulation and math libraries. 

• Full user-level control over data and code memory allocation. 

Using MPLAB IDE helps us writing code and testing it to make the project works in a 
' ' ' 

proper way. After building the program ( executing the build command in the MPLAB so it 
.' compiles the code) we write for any of system cards, it automatically creates (.hex) file having the 

same name of the project which includes the hex translated code of the C code. This hex file can 

be used in PICl 8 simulator IDE program; we will talk more about this program in chapter six. 

Fig5.2 gives simple viewof MPLAB interface. 
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N MPLAB IDE v7.31 
File Eat View Project Debugger Programmer Tools Configure " 
I Cl a ] db a I . ::ii (i) -·rr - ~-- Window Help 
! er. "],cfaiah]egy' cecksum: 0xctaa [ 
] 23-5-2007pic work.mcw [ (p) T] = ~~~ · ocuments and Sett' \ j ings soso\Desktop\first project\cardi .c 
8 el 23-S-2007plc work.mcp 
C source Flies 
. '· -lfil cardl.c 
8 el Header Files 

~ delays,h 
B pl8f'1520.h 

' ... e) Object Fdes 
CJ utrary Fdes 
8- el Linker Scripts 

~--G;;'. 18f45201.ll<r 
'.... el Other Flies 

[i nae ]/ Pe srotas 

#include<pl8f4620.h> 
f include delays.h­ 

fpragma config OSC = mTI06? 
fpraga config HCLRR = 0111 
I /no lJatchdog, no lov voltage progr=ing 
fpragma config UDT = orr 
fpraga config LVP = OFF 

void cardl (void) ; 

void llain(void) 
{ 

III/port B as input port from reciever 
TRISB=ObOOOOllll; 
////portD as output port to trans:aitter 
TRISD=ObOOOOOOOO; 
////Porte as output port to control 
TRISA=ObOOOOOOlO; 

I 

PICI BF4520 , W:O novzdcc bank 0 WR .%. 

Fig. 5.2 MPLAB IDE. 

5.4 Simulation: 

At The first stage we simulate card operation by using PIC18 Simulator IDE software. This 

software is shown at the figure below.Fig.5.3: PIC18 Simulator IDE. 
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e PlC1 8 Slmul tu ID <l or E . Evi\luatfon Co 
Ale Simul ti PY rs. ["_Bets roots overs a 
[Piograsmtssaon [77 cADoses sa sas4a2an.as..a.......... 
j Microcon troller I PIC1 ~~~;;~men~[ and Settings\soso\Oesktop\maysam\card1 .hex 

Clock Frequency I B.O "Hz 

[ 
Last Instruction ·-------- "' 

r=.;::;=;:.;=;;...=..:;_,;:.:.:.:.::::::------__J 1- Next ln,truction 
I lnattuctiom Counter j 5 n' I Clock Cycles Counter J 

[ 

Program Counter and Working Register 
iPc" I 000000 rrrrrrrrrrrrrrrrrrr 
[w Register l\Y'REG) Joo rrrrrrrr rr 
Special Function Registers (SFAs)------- 

Hex Binary Value 
Address and Name Value 7 6 5 4 3 2 1 0 

rnsu I rrrrrrrr ... 
TOSH rrrrrrrr 
rnsL rrrrrrrr or±em ririrrrr #Ct414 rrrrrrrr 

IFFAh Pc~rH rrrrrrrr 
FFSh PCL [o rrrrrrrr 

rrrrrrrr 
rrrrrrrr 
rrrrrrrr 
rrrrrrrr 
rrrrrrrr 
rrrrrrrr 
rrrrrrrr 
QCl□□r□rGi □□rrrrrr 

.. 
FFBh TBLPTAU 
FF7h TBLPTRH 
FF6h TBLPTAL 
FF5h TABLAT 
FF4h PAODH 
FF3h PAODL 
FF2h INTCON1 
FF1h INTCON2 
FFOh INTCON3 

Real Time 
Duration 
0.00 ts 

General Purpose Registers (GPRs) 
Hex Hex 

Addr. Value Addr. Value [E g 
00 

m= 
Too 

Fl= m= 
foe 
Too [# 

~foe 01Fh 00 

Fig. 5.3 PIC18 Simulator IDE 

We load the .hex program that performs the first card operation and then start simulation. 

The card operation can be seen using two tools; 8xLed board and oscilloscope. 

The following. figure shows how 4-bit code (1111) is sent through transmitter at ports D0-D3. 
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SPIC18 Simulator IDE - Evaluation Copy 
File Simu lation Rate Tools Options Help 

[Pigram Lasaor I C:\Documents and Settings\soso\Desktop\23-5-2007pic woik.hex 
I Microcon troller I PIC1 BF4520 I Oock Frequency I ao MHz 

sv-cs. (JD 
I Last Instruction I [ 

Next Instruction 
J MOVL\1/01101 II'.'===========-;..-_-_-_,,-.,,....-_- __j I· MOV\1/F POSTINCl ,A 

I Instructions Counter I 38 

Program Counter and Working Refjster--------~ r---=--e-=-- 

1 
RealTime fPC I 000050 rrrrrrrrrrrrrr□r□rrrr Duration 

[wHegWEG] [r I 1 1Tr: [ aaogs 

[lock Eyles ourter [ iga 

Special Function Registers (SFRs)-----~ 

Address and Name 
Hes Binary Value 
Value 7 6 5 4 3 2 1 0 

rm rosu [o rrrrtTTT , 
Psi7CSH [oo r111rrrr 
IfFDh rnsL f3a rr□□□rrr 
a sir' [ad IrtrTtur 

h PCLATU i rrrrrrrr 
Ah PCtATH rrrrrrrr 
ierg, pi II7IiIIt I T 
am Ttetau [id rrrTTTTT 
mh TBLPTRH roo- rrrrrrrr 
IF'E6h TBLPTRL l2c'" rrwr□□rr 
FFsh TABLAT [n rrrrrrrr 
FF4h PRODH fOO rrrrrrrr 
mh PRODL i rrrrrrrr 
!mh 1NrcmN1 rrrrrrrr 
FF1h INTCON2 t:l□□□r□r□

Oh INTCON3 [J□rrrrrr ..,. 

General Purpose Registers (GPRs) 
Hex Hex 

Addr. Value Addr. Value 

[gf [# 
}% tr o 
003h joo 00 
004h ,□ 00 
005h 00 
006h 00 00 
007h 00 00 
008h nm 01 Bh 00 
oosh roo I 01 sh oo 
0ll6.h f'oo 01Ah 00 
0OBh loo [UiBh o 
0OC:h o [oi Ch 00 
00Dh 00 01Dh 
0OEh j7io 01 Eh 
OOFh Joo 01 Fh 

I PORTA.a □
I PORTA, 1 □
! PORTA,2 □
I PORTD,0 □
[PHTD, 1 □
J PORTD,2 0 

□I PORTD,3 

j PORTB,7 0 

r Always On Top I Dose I 

Fig. 5.4 transmitting data (1111) 

I 
I 
I 

i 
! 

The following figure shows the moment when the transmitter is disabled as pin TE goes high at 

port AO when finishing transmitting data. 
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S PIC1 8 Simula.tor IOE. • Evaluation Copy 
File Simulation Rate Tools Options Help (CJ=a 
I Pro!J am Localion I C:\Oocunent s and Sett" \soso I Microcontrol er J PIC, 8F4S20 l'l!l$ \Desktop\23--5-2007pic WOik.hex 

[Clock Frequency I ao MHz 

[ 
L&t lnsbuclion------- 

[ BRA 78 I [ NeMtrl_n•_truc_tion;;.;;;-- .. -;;-;-s-;~-.,,..-..,..-=--=--=-- II 
I ;;::;=~.::;;-==;;:::::::::;:==.:;-;;:::::::::_J I BSF PORTA.2A Paar caa F ss [as.arr G, 'I 
r=Program Counter andWorki,g Register-------- r----a~-- 
] p--,,,,- [ Real Time 
1 [PC I 000104 rrrrrrrrrrrre1rrrrrorr Duration 
1 

J W Ac,gi$ ter [WAEGJ foo rrrrrrrr I 34.50 ~ 

r- Special FUl'lciion Registers (SFRs)----- 
- General Purpose Registers (GPAs) 

Hex Hex 
Addr. Vu Addr. Vu 
!OOlh JOO I010h foo • i.f"oo l011h foo;:: foo 012h foo Joo , 013h roo 
[ooiji" f"oo ! 014h JOO 
rem;- foo I 01 Sh f7io 
[os [o ] 01 sh JOO 
1007h roo 1017h roo 
[oa [oo_ ] 01 ah Joo 
! 009h f7io 019h Joo 
foCwi"" f"oo ! 01Ah Joo 
fciiITTi" [7iif ! 01 Bh JOO 
JoooiToo 1 01 Ch roo 
foooil [1Jo ! 01 Oh f1io 
[oEF [oo [oEi [ 
Jcm, f"oo l01Fh foo ~ 

Hex Binary Value 
Adciesand Name Value 7 6 5 4 3 2 1 O 

~ rosu . roo rrrrrrrr ... 
FF±Eh TOSH ["oo rrrrrrrr - 
jo most jis IT Harr T 
fFCh STKPTR fli2"" rrrrrrCJr - 
FF PCATU [oo rrrrrrrr 
fFAh PCI..PCLATH l7il> rrrrrrrr 
fFF9ii i rrrrrorr lm!:i TBLPTRU rrrrrrrr 
FF7h TBLPTRH rrrrrrrr 
FFSh TBLPTRL nc- rr□rt::i□rr 
rr5hT~LAT f1i)rrrrrrrr 
FF4h PROOH foo rrrrrrrr 
Ff3h PADOL foo" rrrrrrrr 
FF2h INTCONl Joo rrrrrrrr 
FFTE NTN? ~ fJQGir.JrQr□
jFFiii INTCON3 [cii"' □r.irrrrrr • - 

SnxunB ... GJ@@.ll 

co ' 
I 

I POATA.O □! 
®@ 

t ! PORTA. 1 o· 
© ,I 

l POATA,2 m ,j 
O ,, 

I POATD.O o· I 
O ! POATD.1 □ ' O ! POATD.2 G3' ' 
~ J POATD.3 □
® J POATB.7 □
r Aorta» [oe ] 

Fig. 5.5 Transmitter is disabled 

The alarm is activated as no signal is received at receiver of the first card. Buzzer is 

connected to port A2 and at that moment this pin goes high as shown in the figure below. Fig 5.6 

Alann is activated 
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~ PIC18 Simulator IDE - Evaluation Copy "" 

(DJ a Fie . Slmuation Rate Tools Options Help 

[Program Location I 
C:\Documents and Setlings\S0$0\De:klop\23-5-200lpic work.hell I MiC10COntroler I PIC18F4520 J Clock Frequency I 8.0 MHz j Last lmtruction 

1

, NeKt lnitruction 

I 
- I BSF PORTA.2.A I I BRA-2 
I lmtructiont Courtet I 63 I Clock Cycles Counter I 316 
- Program Counter and Working Register 

I Real Time [c 0001os rrrrrrrrrrrr□rrrrr□□r Duration 
I w Regsier l\'IREGJ roo- rrrrrrrr I 39.50ts,o 

- Special Function Registers (SFRs) 
- General Purpose Registers (GPRs) 

Hex Binary Value Hex Hex Address and Name Value 7 6 5 4 3 2 1 0 Addr. Value Addr. Value 
[FrF TOsU roo rrrrrrrr ... 

I cm-i f1io 010h ! pg yew foil rrrrrrrr - i== I¾ 011h 00 ;:: h TOSI. I rTDD□,r, 00 012h 00 
FFh sTKPTR rrrrrrur ,_ 

, 003h roo· I013h ~ FFBh PCtATU rrrrrrrr r== foo 014h 00 IFFAh PCtATH rrrrrrrr [o [ois [o 
FF9h PCL fos rrrrr□or EI: E FF8h TBLPTRU f1io rrrrrrrr 00 017h 00 
ITTh TBLPTRH Ji= rrrrrrrr ~ i018h 00 FF6h TBLPTRL rr□r□□rr = a; FF5h TABLAT rrrrrrrr [@Al f1iif" OlAh 00 
FF4h PRODH foil rrrrrrrr ;W~oo IFF3h PRODL ~ rrrrrrrr f1ij"" 01Ch 00 
FF2h INTCONi rrrrrrrr Ii= j 01Dh joiJ IFF1h INTCON2 

·- [gtmrrrrrr i01Eh loo 
jFFOh INTCON3 o□rrrrrr • i01Fh loo...:'.'.. - 

G) 0 x LED B ... GJ[g]~ 

© I PORTA.a □
®© J PORTA.1 □
O J PORTA. 2 o.l 

O I PORTD.O ol 
{ O •I 

J PORTO. 1 □
O j PORTD.2 □
O J PORTD.3 □
© J PORTB. 7 □
r AlwaysOnTop ~ 
- --·~ - - . --· - ~ 

Fig 5.6 Alarm is activated 

The following figure shows the result of the operation using oscilloscope tool 
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• 

[Piogram Location [ D\D · · · ocumenls and Settings\: 3\D 
.TMascrota [" Picirasz {> ""?Proia@i.his . ck Frequency [ B.0 \ r· Lost lnstruction-············· - MHz IC\ r rs"""" 9-688 
'/ fm!rilcli~Coun!ct: / 454 rr;;;;;.;;.~,.=..;::.,..=-=-~------- :_· ·1· ~ ] PORTC,O fJ: 

[cc cycles Courier j 2736 \WI 
' . Pfo!lramCoumrandWO!ki'lgRegisto1--...__,. --:-'----- (f) r,;;. · · · r-=--- I PORTC, 1 . 0 l PC .I O0OOCC _fTrrrrrrrrrrn~□rr : Real Time 
[WeyawRts] [F rTrunnion (@) TomAT IT T.ho'',/wasps go 

i ·e~u!Qs~ope_ 0 I PORTA,2 c::; 
·· __ Q :::i __ ™'_ 0 ~ [PORTO, 0 [I 

l PORTC,O. I O [PORT0,1 G ' 

"[O 'YJ tPORTD,2 L 
\POR1'A,1 \ 0 r ~Ni'.up..: 'YJ I PORTO, 3 0 
,...., __ ! r Al~OnTciii I Close. l POf\iA.2 -· ... ...:::...::::.::..· _:...,.=~=!_I 
J '-Pull-up.-:, 

#4 • I• t 

Fig 5. 7 output using oscilloscope tool 

5.5 System Algorithm: 

This section shows routines and functions of the programs and algorithms written to make 

the system work properly. Each card has an algorithm written to control the function of the card 

and each card has a flowchart describes how this card will work. 

Fig5.8 shows the flowchart of mother's card, which represents the start with initialization 

done to configure the work of each port we used in PICI 8F4520 .then the mother's code will be 

Prepared on PORTD for transmitting it through transmission circuit. This transmission could not 
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be done unless the enable pin in the· encoder is activated (TE =O). After finishing the transmission 

this card should wait for son's card to reply with its code, this means if the receiver of the mother's 

card receives any data from the son's card. The end of waiting will be according to the VT pin of 
the decoder in the receiving · circuit. If the mother's card dose not receive any data the 

• rocontroller should wait four times to give the other· card chance to reply if there were no m1c1. 
l•v_;i data after this four times the alann circuit will be activated. rece w . . ·· . 

There is another case causes the alarm to be activated, that is if the son's card replies with incorrect 
code and the same as previous case the microcontroller will wait for four times then if no correct 
reply the alann is activated 
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Initializing and Configuration 
for Ports 

YES 

Prepa re the data to be sent 
on PORTD (1111) 

e OS 
the transmission process 

(TE=O) 

Wait for some time so data 
and transmitter comple te 

sa e e rso 
transmitter stand by for 

another work 

Check if there any data 
received from 2° card 

YES 

Wait for 4 times for 
VT=1 (receive data ) 

Receive input and mask it with 
000011111 

NO 

NO 

Wait for 4 times to 
receive correct data 

s 

Activate alarm 

% 
Fig5.8 Mothers card flowchart 
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• 
*TE: pin 14 from HT-E which is connected to the Transmitter, this input pin should be O so this 
art (transmission) can start transmission. p . 

+yT: pin 17 from HT-D which is connected to the Receiver, this output y- 1 vhe the 3 · 3 pngves when ere is 
any action on the receiving part. 

Fig5.9 shows the flowchart of son's card, which represents the start with initialization done 
to configure the work of each port we used in PIC18F4520 .then the son's code will wait for the 

mother's card to send correct code by keep checking the VT pin of the decoder in the receiving 
circuit. If there is data received it will be checked if it equal to the code of this son's mother. If the 

received data is correct then another data will be prepared on PORTD for transmitting it through 

transmission circuit. This transmission could not be done unless the enable pin in the encoder is 

activated (TE =0). After finishing the transmission, the card will repeat its work again. If the 
received code incorrect the microcontroller should wait four times before activating alann. Beside 

this if the card doesn't receive data from the beginning, the microcontroller should wait for 4 times 

before activating the alarm system. 
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Initializing and Configuration 
fer Ports 

r-,]aitfor mothers card to send 
~m r--------------~ 
v 

Check if there any da1a 
received from 2 card 

NO YES 

Wait for 4 times for 
VT=1 (receive da1a ) Receive Input and mask it with 

000011111 

YES 

NO 

Wilt for some time so data 
and 1ransnitter canplet e 

l.isiible Ifie ena>iier so 
transmitter stand by for 

another work 

Wat for 4 times to 
receiv e 00ITed dala 

[pg"E;geese -ssonproress 
(TE=O) 

Wait for S0111e time so data 
and transmitter cxxnplele 

e en Ier so 
transmitter stand by for 

another work 

AdiYale alalTn 

­ 
Fig5.9 Sons card flowchart 

86 

I 
I 
I 
i 
I ,. 



+TE: pin 14 from HT-E which is connected t th . ·· to 1e Transmitter, this ° + 
,art (transmission) can start transmission. 3!IS1nput pin should be 0 so this 

:1=V'f: pin 17 from HT-D which is connected to th s ' e Receiver this output . . . 
any action on the receiving part. ° pm gives 1 when there is 

5.6 Program Code: 

This section shows a software programs that l b · · nas een written using C language. We have 

two programs, one for the mother card and the other is for her child d E. h card. iach program describes 

the full operation for each card. 

5.6.1 Mother card software program: 

This part of the C language program is responsible to send and receive identification code 

(digital bits) wirelessly between mother's card to her son card. 

This program is divided into three parts: first one (the libraries needed and some 

configurations must be done for this PIC), second part (main code in which we configure and 
initialize ports we used from the PIC), third pait (this part is responsible of the real calculation 

needed and the enabling\disabling parts from the project). 
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PART ONE: 

sinclude<pl8f4520.h> 
±include<delays.h> 
#pragma config OSC = INTIO67 

config MCLRE = ON #pragma 
#pragma config WDT = OFF//no Watchdog, no low voltage programming 
#pragma config LVP = OFF 
Jpragma config PBADEN = OFF/ I to turn of ADc 

This part shows calling for PICl 8F4520 related libraries (p18f4520.h), also delays library 
(delays.h) needed in the program. This part is specifying the oscillation PIC l 8F4520 work at, it 

can work either at internal oscillation or connecting external oscillator between pin 13 and pin 14 of 

the PIC. The code shown indicates that the oscillation will be internally which means 8MHz. 

PIC18F4520 has internally ADC (Analog -To- Digital Converter), we can work with it through 

PORTB, because we need this port as input port so first we should disable this property by using 

the following configuration "PBADEN = OFF". 

PART TWO: 

void cardl(void); 

void main (void) 
I 
//port B as input port from reciever 
TR1SB=O00001111; 
//portD as output port to transmitter 
TRISD=ObOOOOOOOO; 
//Porta as output port to control 
TRISA=0b00000010; 
ADCONO=Ox3c; 
ADCON1=Ox OF ; 
While ( 1 ) 
{ 
card1(); 
) 
) 
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This part shows the initialization of the ports we used. PORTB as input port which will be 

connected to the data lines received from the Receiver, PORTD as output port which will be 

connected to the data lines transmitted through Transmitter and PORTA as output port which will 
be used to control the transmitter, receiver, and alarm system. 

This part contains while (I) at which this statement will achieve the continuous working of 

the PIC according to program downloaded to it. The last thing in this part is the calling of cardl () 
function in which we have all work in it. 

PART THREE: 

void cardl (void) 
( int inputl; 

int output; 
int i,j; 

PORTD=15; // == 1111 
d "T"' t.· r_ansmi t" //send O to set enco er 

PORTC=O; 
DelaylOOTCYx(O); 
//disable the transmitter 
PORTC=15; 
DelaylOOTCYx(O); 

Connected to VT if ( PORTAbits.RAl)//RAl 

{ . 
inputl=PORTB & ObOOOOllll, 

//start to compare 
if(input! == 13) // 1101 

{ cardl();) 
else 

(. O·i<4·i++) ,·m (for\i=; ·7 4t±.RA1)//RAI connected to VI as rof{'Sa < oiiooo±±; (inpu' = 
//start to compare 

.t1 == 13)(cardl();) if(inpu == 
} 

} 
while (1) { 
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} 
} 

//set alarm circuit 
PORTAbits.RA2=1; ) 

else 
{for(i=0;i<4;i++) 

{if { PORTAbits.RAl)//RAl conne t , ~ 
{ , c ea LO VT 
input]=PORTB ¢ 0b00OO1111; 
//start to compare 
if(inputl == 13) {cardl() ;) 

} 
while(l){//set alarm circuit 

PORTAbits.RA2=1; ] ]) 

This part starts by preparing the code that mothers card will transmit (1101) then enable the 

encoder to receive this data and send it through transmitter (this enabling done by sending o to TE 
pin in the encoder since its active low pin). then call for delay function from delays.h library which 

gives the encoder some time to completely prepare data for transmitting. After the delay complete 

the encoder will be disabling by sending 1 to TE pin in the encoder so that the transmitter will not 

send more data until the PIC order that. 

After sending this code the PIC will wait for another code comes from the sons card, the 

PIC will recognize that data received by checking the VT pin from the decoder at which this pin 

will be 1 if there any correct action on the receiver ,in other words if the receiver received code 

from the correct address (sons card address) the VT will be 1, the PIC then compares the received 

code (send by sons card) to that one stored in side the PIC .if the two codes are matched then the 

previous process will be restarted. If the two codes are not matched the card will wait four times 

before starting the alarm. If it receives correct code through these four times the process will 

restart, If not the alarm will be activated by the PIC after finishing four times. 
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If the PIC doesn't receive signal from st h 
. . . art, t e program will be transferred to the last else 

statements at which will wait four times to receive any data ifthe • 
Y a a, 1 t ere 1s no data received the alarm 

system will be activated. 

5.6.2 Son card software program: 

This part of the C language program responsible to receive and send identification code 

(digital bits) wirelessly between the son card and his/her mother. 

This program is divided into three parts: first one (the libraries needed and some 

configurations must be done for this PIC), second part (main code in which we configure and 

initialize ports we used from the PIC), third part (this part is responsible of the real calculation 
needed and the enabling\disabling parts from the project). 

PART ONE: 
#include<pl8f4520.h> 
#include<delays.h> 

#pragma config OSC = INTI067 
#pragma config MCLRE = ON 
#pragma config WDT = OFT//no Watchdog, no low voltage programming 
#pragma config LVP = OFF 
tpragma config PBADEN = OFF// to turn of ADc 

Th. h all" c. PIC 18F4520 related libraries, also delays library needed in the Is part slows ci bing1or • 
· . • • ·11 u· PICI 8F4520 work at, it can work either at mtemal Program. This part is specifying the oscillation 

· • inl3 and pinl4 of the PIC. The code shown oscillation or connecting external oscillator between pl . 
· · . • · h means 8MHz. PIC l 8F4520 have mtemally Indicates that the oscillation will be internally whic 
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ADC (Analog -To - Digital Converter), we can work with it th 
this port as input port, so first we sh ld di · rough PORTB, because we need 

oul lisable this property by ·" ·the .: 
ogDEN = OFF". (Note: the two rds w1 9y using tie following configuration 
PBA! · · 0 carts will have th e e same configurations) 

PART TWO: 

void card2 (void) ; 

void main (void) 
{ 
//port B as input port from receiver 
TRISB=Ob00001111; 
//portD as output port to transmitter 
TRISD=ObOOOOOOOO; 
//Porta as output port to control 
TRISA=0b00000010; 

ADCONO=Ox3c; 
ADCON1=0xOF ; 
while ( 1 ) 
I 
Card2(); 
} 
} 

This part shows the initialization of the ports we used. PORTB as input port which will be 

connected to the data lines received from the Receiver, PORTO as output port which will be 

connected to the data lines transmitted through Transmitter and PORT A as output port which will 

be used to control the transmitter, receiver and alarm system. 
This part contains while (1) at which this statement will achieve the continuously working 

of the PIC according to program download to it. The last thing in this part is the calling of card2 O 
function in which we have all work in it. 

I 
I 

I 
I 
!4 
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PART THREE: 

void card2 (void) 
I 
int i,j7 
int input©, input]; 
int output; 

if(PORTAbits.RAl==l) //if any data recieved 
{inputl=PORTB & ObOOOOllll; 
//start to compare 
if (inputl == 15 ) 

{ output=l3; 
PORTD=output; 
PORTAbits.RAO=ObO; //send l high to set encoder "TE transmitt" 
DelaylOOTCYx{O); 
DelaylOOTCYx(O); 
PORTAbits.RAO=Obl; //disable the transimtter 

) 
else{for (i=O;i<4;i++) { 

if(PORTAbits.RAl==l) //if any data recieved 
{inputl=PORTB & ObOOOOllll; 
//start to compare 
if (inputO == 15) 
{ 
output=l3; 
PORTD=output; 
PORTAbits.RAO=ObO; //send l high to set encoder "TE 
transmitt" 
DelaylOOTCYx(O); 
DelaylOOTCYx(O); 
PORTAbits.RAO=Obl; //disable the transirntter 
card2();} 

} 
) if (i==4) {while ( 1) 

{//set alarm circuit 
PORTAbits.RA2=0bl;) 
) } } 

else 
{for(i=O;i<4;i++) 

{if ( PORTAbits.RAl)//RAl connected to VT 
{ inputl=PORTB & ObOOOOllll; 

//start to compare 
if(inputl == 13) {card2();} 

) 
while (1) 

{//set alarm circuit 
PORTAbits.RA2=0bl; )) ) 

I 

I 
I , 
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pre on this card will wait for mothers rd t d · 
car to senc its code (the mothers card should start 

the whole process) ' the PIC will recognize that data received by checking the VT pin from the 
der at which this pin will be 1 if there any t · • • • deco correct action on the receiver, in other words if the 

receiver received code from the correct address (mothers card address) the VT will be 1 , the PIC 

then compare the received code to that. one stored in side the PIC ( 1111) .if the two codes are 

matched then the PIC prepares the code that sons card will transmit ( 1 O 11) then enable the encoder 
to receive this data and send it through transmitter (this enabling done by sending O to TE pin in 

the encoder since its active low pin), then call for delay function from delays.h library which gives 

the encoder some time to completely prepare data for transmitting. After the delay completes, the 

encoder will be disabled by sending 1 to TE pin in the encoder so that the transmitter will not send 

more data until the PIC order that. After this, previous process will be restarted. If the two codes 

are not matched the card will wait four times before starting the alann. If it receives correct code 

through these four times the process will restart if not after finishing 4 times the alann will be 

activated by the PIC. 

If the PIC from the start doesn't receive (means VT pins hadn't been active "l ") any data 

the program will be. transferred to the last else statements at which will wait four times to receive 

any data if there is no data received the alarm system will be activated 
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Chapter Six 

Implementation and Testing 

6.1 Preface: 

In this chapter we are going to show the implementation and testing processes for our 
system. System testing is an important and crucial step in implementing any system. This system 

has more than one issue to be tested, however some testing parts reflect software and others reflect 

hardware. 

After testing each component and each subsystem that makes up this project, the 

implementation process is done and will take many testing to ensure that there are no en-ors. This 

implementation process will be done using different components and tools as it will be discussed 

later in this chapter. 

6.2 Implementation: 

T 
· . · . h · 1 tation of both cards system. We implement the system by 

his section illustrates t e implemen 
• · · : rd, ere built with both have symmetrical components that 

using prototype model in which two car s w . 
· with its decoder and buzzer as an alarm system. 

are PIC, transmitter with its encoder, recet©I 
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The mother card was built and a signal with a 4-bit identification code is sent by the 
mother transmitter to her son's card. The son's card intern receives that signal and after some 

processes as demodulation and decoding, this signal was compared with a stored 4-bit cod at the 

son's card. According to comparison process, both codes were match and the alarm system didn't 

activate. And the son's card sent a signal with a 4-bit code to be compared at the mother card. 

We tried another case as shown in fig. 6.1 in which the mother card sent a signal, but that 

signal was not received by the son's card, because we kept it away from the mother card. Because 

there was no specific signal received, the alarm was activated at both the son's and mother card. 

Fig. 6.1 Mother card 

full through those two cases where the alarm However, project was implemented success Y 

didn't 
system once activated and once 1 

· . h following days using wire rapping tool. 
d rototype model in t e o 

We will implement these two car s P . .c. 
11 

. tools and components: 
done by using the following This implementation process was 0 

• Connectors with different colors. 
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• JC stands. 

• 1020 cm bread board. 

• All the ICs that are depicted in the design cha t ( h · pier see c apter 4). 
• Wrapper tool for wrapping the connectors on the ICs stands. 

o A wire grabber and a wire cutter 

6.3 Testing: 

This section demonstrates methods and procedures used to test separately each project 

components, each subsystem in order to examine the whole system operation and behavior. 

6.3.1 Project components testing: 

In this section we show how each component in the project was tested. And those major 

components are: 

I 
I 
I 
I 

i I 

1. Transmitter 

2. Receiver 

3. PIC 18F4520 microcontroller 

4. Buzzer 
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■ Transmitter Testing: 

We made use of multi-channel oscilloscope to get the waveform for the transmitted signal 

from the transmitter. So we connected RT4-433.9 transmitter with the HT-12E encoder as shown 

below in fig. 6.2. We specified the address of the transmitter and receiver to be the same through 

the 8-bit address lines at encoding /decoding chips. Putting pin 4 of the transmitter connected to 
the antenna. 

F. 6.2: RT4-433.9 transmitter with encoder circuit. 1g. . . 

, th gh its TE pin. The output of the data pins d th Transnutter ctrcmt rou I 

We tume on e . d ithf bit data. The signal itself can be seen by .al b' transmitter wit 1our 
depends on whether the signa beingt Ty> eform below was taken from 

to Pin 1 7 of the encoder. T e wave o attaching the oscilloscope 

transmitter test out tests. 
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Fig. 6.3: RT4-433 .9 Transmitter data signal. 

• Receiver Testing: 

As we did with the transmitter, we made use of multi-channel oscilloscope to get the 

waveform for the received signal at the receiver. So we connected the RR3-433.9 receiver with the 

HT-12D decoder as shown below in Fig. 6.4. Putting pin 3 of the receiver connected to the 

antenna. 

. . RR3 433 9 receiver with decoder circuit. 
Fig. 6.4: -' > 
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We turned on the Transmitter c· . ·· arcutt. The output of the ·· 
signal being transmitted. The signal itself data pins depends on whether the 

can be seen by attachi: .: 
encoder. The waveform below was taker fr · c mg the oscilloscope to pin 17 of the 

· · an rom receiver test, thi: 5 
circuit checks the mcoming address in ord . ' is signal shows how the decoding 

er to specify acceptir ° . 
address was 00000000. ng or rejecting data, here the sent 

Fig. 6.5 RR3-433.9-Receiver address signal. 

• PIC 18F4520 testing: 

We tested PIC l 8F4520 trough its ability to download programs. And to get the newly code 

into 18F4520 we used a WinPIC800 programmer that we referred previously at chapter 5 with a 

PIC Pocket Programmer (PP-Prog) circuit that has a chip slot where we put PIC 18F4520. PP­ 

Prog is a PIC programmer for program PIC Microcontroller devices via PC parallel port which 

supports different software such as WinPic800. There are two indicators LED and PCB, One for 

Power supply and one for programming in progress. Fig. 6.6 shows the complete assembly of this 

hardware programmer. 

101 



Fig. 6.6 PIC Pocket Programmer (PP-Prog) 

. . . . . . . . 

.. ······ 

. l_ OSca< l.!ll . : ··1 
=o 

JOY.. 

F. 6 7· PPC-Prog schematic 1g.. · 
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■ How to use with WinPic800: 

To use this project with winPic800 w 
e must set hardware as the following picture. 

Fig. 6.8 How to use with winPic800 

This circuit compatible with propic2 hardware so it was selected .Then we select all check box like 

the above picture and click Apply edits 

Adaptor 16dc 

F. 6 9 How to use PP-Pro g 1g. · 
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. ·, 
.6, r, 

, 

~--Silt. -- . J . -·-- J 

[ a',1 ! <3 -­ Fig. 6.10 programming PIC1 8F4520 through PP-Prog and Winpic800 software program 

The following testing code is used to flash I eds ON and OFF on ports D that works as an 

output port for the circuit shown in figure 6.11. 

#include<p18f4520.h> 

#include<delays. h> 

#pragma config OSC = INTIO67 

#pragma config MCLRE = ON 

OFF//no Watchdog, no low voltage programming #pragma config WDT = 

#pragma config LVP = OFF 

# OFF// to turn of ADc pragma config PEADEN= 

Void main () 

{int a; 

TRISD=ObOOOOOOOO; 

While (1) 

(for (a=0; a<10000;++a) 

{PORTDbits.RDl=l; 
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pORTDbits.RD2=1; 
pORTDbits. RD3=1; 

for (a=0;a<10000;++a) 
{PORTDbits.RDl=0; 

PORTDbits. RD2=0; 
PORTDbi ts. RD3=0; 

} //end for loop 

} }//end while 

I I • 

' 

Fig 6.11 PIC I 8f4520 testing 
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■ Buzzer testing: 

We build an alarm circuit as shown in fig.6.12. This alarm circuit contains a simple buzzer 

that has two edges and a transistor. The transistor collector is connected to the buzzer with high 
voltage (+5v), the other edge of the buzzer is connected to ground (Ov), the transistor emitter is 

connected to ground, and the transistor base is given a high voltage. As a result the buzzer is 
activated giving a good clear sound. Fig 6.12 shows buzzer testing. 

Fig 6.12: Buzzer testing 

6.3.2 Project subsystems testing: 

. r testing As referred previously d with the receiver 5» 
Transmitter testing was done synchronize th gh an RF signal. This code was 

. d' . tal code rou transmitter circuit was used to transmit a 11gl 
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ected to be received at receiver circuit W t 
exp " e tested comm · · 

·nustrated below: unication subsystems through two 
stages as 1i' 

• First stage: 

At the first stage we tested one transmitter and one recei it · 1 · · ..c. · Iver a a smg e c1rcmt peuormmg 
one card, the transmitter was used to transmit a 4-bit digital code and this code was expected to 

be received by the receiver housed in the same circuit. This circuit was built over a breadboard 
as shown in fig. 6.13 

RT4-433 transmitter was connected to HT-12E encoder while RR3 receiver was connected 
to HT-12D decoder which intern was connected to four leds through its D8-DI1 pins. We gave this 

encoder a specific 8-bit digital address that was (11111110) through AO-A 7 pins. This address is 

compatible with the decoder address. We gave a 4-bit digital code that was (1111) trough pins 

{AD8-AD11) as Data to be sent, this data code was expected to be received at RR3-433 receiver 

and then decoded by HT-I 2D decoder. Our receiver circuit received this code and though all leds 
through D0-D3 turned on. This circuit had been tested many times to emphasize better results, 

each time with a different 4-bit digital code. 

r .. 
} ,. 
~ . . with its compatible receiver 

Fig 6. 13 testing transmitter 
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■ Second stage: 

At this stage we build two circuits ·· olifyin ,,- ts simpl ing two cards. Each circuit had same 
components as in first stage. In first stage, encoder at the first circuit was given a special 8-bit 
address that was (00000000) and was combatable with decoder address at the second circuit, 
also TE pin should have 0 value to enable the transmission process, where as encoder in second 

card should be disabled (with high value 1) this done with second card when it transmits. 

Transmitter at the first circuit was used to transmit a special 4-bit digital code that was ( 1111 ), 

and this code was received at receiver at the second circuit and though turns all leds on based. 

Encoder at the second circuit was given a specific address (I 1111111) which was combatable 

with receiver decoder at first circuit. Second transmitter was used to transmit a different 4-bit 

digital code that was (0101), and this code was received at receiver in the first circuit and 

though turns the second and the four leds on. Both circuits had been tested many times to 

emphasize better results, each time with a different 4-bit digital code. This circuit was built 

over a breadboard as shown in fig. 6.14 
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Fig 6.14 two communication circuits 

6.3.3 Integrated system testing: 

As we tested project major components and subsystems that make up this project, now we 

are ready to connect all these subsystems together to perform the whole system testing. The project 

integrated system simply contains two symmetric cards systems that have the same components 

and subsystems. Both have a communication subsystem that consists of a transmitter with its 

encoder and a receiver with its decoder, alarm system that has a simple buzzer with its transistor 

and the microcontroller that is PIC 18£4520 which controls all operations. 
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We tested the first card which simplifies the mother card in isolation from the other card that 

simplifies the son's card. We connected RT4-433 transmitter with HT-12E encoder. We gave this 

encoder a specific 8-bit digital address that was (11111111) through AO-A 7 pins. The 4-bit code to 

be transmitted came from the specified PIC output port that was port D and that code had a value 

l 111. That code was expected to be received at the son's card and performs the comparison 

operation at the microcontroller of the son's card. The mother card now waits for a signal to be 
received from the son's card through its RR3 receiver. We connected that RR3 receiver with HI- 

12D decoder. We gave that receiver a specific address that was 00000000 through AO-A 7. Data 

expected to be received was decoded by decoder and act as input to the microcontroller through its 

input port B. 

Since there was only one card system there was no signal received at the mother card 

receiver. So there was no specific input code received at port B of the PIC and the comparison 

operation was failed, so the alarm system was activated and the buzzer gave a continuous sound. 

Fig. 6.15 below shows the mother card system with a led connected the transistor base to indicate 

that the buzzer is activated and works on. 

Fig 6.15 Alarm activated at the first card 
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Fig. 6.16 Data to be transmitted at the first card 

The same steps performed in testing the mother card. Were used in testing the son's card 

and gave good results. 
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. · ._ & D eloping Suggestions. 7.4 Future Work ev 
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Chapter Seven 

Conclusion & Fut ure Work 

7.1 Preface: 

This chapter describes and gives a complete look over th . . 
beginning; produced problems faced the in ple n» he entire project from the 

. imp ementation, so those who will u 
this idea can avoid these problems It al . pgrade and develop 

. . ·. . . so provides suggestions that could be useful for 
developing the idea in future. 

7.2Conclusion: 

If we go back to our subject and reevaluate the full discussion in details the following 

notes can be seen: 

The project is a wireless communication system between two or more plastic cards to be 

used in security and safety of kids and valuables. The project is depending on a special system 

having a microcontroller, transmitter, receiver and alarm. They are arranged in a way to be 
sensitive in giving what is needed from. In the mean time it is still in need for more trials and 

developments. 

We should point out the good knowledge we got in this subject, the many new things we 
came to kn ab troll and related items which all gave us more professional and 

ow about microcont :olter 
Practical ideas especially in using less componcnl6 
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Going back to the good results have been achie d fl d . . • 
. · , _ . , . . ve we n many ideas in this field can 

: jlemented as what· we have done in th· . · · . 
ye imp} 2ls project such as Haj season and related 
rcumstances. More over, this also can be implemented in many branches of the community 
practical life. It is of great va~ue to let this project directed to the happiness of the humanity. 

Our estimation to the benefits and success of this project can be considered of good value . . .,. 

in the field of the security. Beside that the sophisticated instruments came through the 

implementation of the project systems like signal transmission and alarm system gave us new 
understanding in this field. 

We advice those who. are coming later to have this project in mind and try to develop it 
to better instruments for the sake of good and peaceful life for all. 

7.3 Problems: 

. h t hases hardware and software The problems we faced during this year ave wo p 

problems and the sections below illustrate them. 

7.3.1 Hardware Problems: 

th waiting for components t difficult problem was e 
• The first and the most 433.92) to be available. This late extended 

433.92 and RR3- . 
(PIC18f4520, RT4-? >- ' d th on the current semester. 

' semester to the seconc mon 
from last month of the first . circuit for both cards, there were ±. iitter and receiver 

• When. start testing the transm . t1 between the related transmitter and 
. transmitted correctly 

no data received or 5t working correctly. 
. . two circuits were no 

receiver. Also the 
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• After PIC programme _ _ _ : 
-· - - - . - . r crash, we waited for a : 

and then we worked togethe _., another one for at least three weeks • erandbiiltourown; ? 
error but 1t ~orks. _ programmer. It has percentage of 

• Finding a small sound . . circuit so we : 
h 

. . - - can use it as ala . h 
s ould have small size th t rm in t e card. This circuit 

' a sound should be 1 d 
distance and has the fewest ou enough to be heard from a number of components. 

• One of the PIC18F4520 has b >ke­ · , ro en leg, because of tti and removing it . pu ng on the PIC on the base 
many times and th' b . . ' is ase 1s very hard to the PIC 

• Also one of the problems, connectin . . . . . g wrong wires in the wrong places such as 
swapping the high and low olta ° vo age to the circuit, or providing high voltage or 
current that the circuit cannot work with it id . . 1 an m some times damaged the 
component. 

7.3.2 Software Problems: 

• Since that each PIC should have programmer so that PIC could be programmed, 

there was only one PIC programmer for 5 graduation groups. 
• The unavailability of this device caused a- great latency in microcontroller 

programming which was the most important operation in system testing and 

implementation. 
• Programming PIC 18f4520 at first was difficult not in using C-programming 

language, but because of the considerations that we must study to configure 

PICI 8f4520 to work correctly and others that the person achieves it by 

experience in programming this PIC. So during writing and running the programs 

on the microcontroller we faced some problems that the program doesn't work as 

the project needed to be working. 
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7.4 Future Work & developing suggcsti 
. . . . . . .. . b es_10ns: 

The system could be applied with mor 
· . re cards all communicate with one master card, 

so mother with two or more sons can use this. st . sys em. 

The system can have more than one alarm system the u· s chc b tw th . · ·· , er can c oose e een em, 
when alarm caused it may: call certain number e.g. police number, or add vibration 
system. 

Provide the ability to reprogram the system through removal serial port with 

computer. So the user can program the system according to the distance he wants, also 
the number of cards used and can program many other features like the· type of alann 

used. 

It also gives the user ability to change the alarm sound, used by using more than one 

card will recognize the alann from which card came. 

b ting to it LCD so the user can read the status The project could be updated oy connec 

of the system at any moment. 

. . nununication like using the Bluetooth 
dern technologies in CO 

System can use mo . 11 hones so if there is any emergency 
communicate with cel > 

technology that makes it to 11 directly to her phone and with 
her son the system ca 

situation such as mother loses will specify the exact location of 
_, : et OI satellites the system 

some cooperation with intern 
the son. 
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PIC18F2420/2520/4420/4520 
pin Diagrams 

28-pin PDIP, SOIC 

MCLRNPP/RE3 - 
RAO/ANO -- 
RA1/AN1 - 3 

RA2.JAN2NREF·/CVRE.F -- 4 
RA3/AN3NREF+ -- 5 

RA4/T0CKVC1OUT- B 
RA5/AN4/SS/HLVDIN/C2OUT - 7 

Vss- a 
OSC1/CLKI/RA7 - 9 

OSC2/CLKO/RAB - 10 
RC0/T1OSO/T13CKI ,._ 11 
RC1/T1OS1/CCP2(11 - 12 

RC2/CCP1 ,._ 13 
RC3/SCK/SCL .._.. 14 ...._ _ 

-- RB7/KBl3/PGD 
- RB6//KBI2/PGC 
- RB5/KBl1/PGM 
- RB4/KBI0/AN11 
+ RB3/AN9/CCP2) 
- RB2/INT2/ANB 
- RB1/INT1/AN10 
- RB0/INT0/FLT0/AN12 
-\/L 
-+--Vss 
-RC7/RX/DT 
+= RC6/TXICK 
·+e RCS/SDO 
.._ RC4/SDI/SDA 

40-pin PDIP 
MCLRNPP/RE3 - 

RAO/ANO s 
RA1/AN1 - 

RA2/AN2NREF.-/CVREF - 
RA3/AN3NREF+ - 

RA4/T0CKVC1OUT - 
RAS/AN4/SS/HLVDIN/C2OUT ­ 

· RE0/RD/AN5 ~ 
RE1/WR/AN6 - 
RE2/CS/AN7 - 

Voe--►
\/SS 

OSC1/CLKI/RA7 - 
OSC2/CLKO/RA6 - 

RC0/T1OSO/T13CKI - 
RC1/T10S1/CCP2(1l - 

RC2/CCP1/P1A - 
RC3/SCK/SCL - 

RD0/PSPO - 
RD1/PSP1 - 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

co Co 
N N 
'112' It) 
oq'oq' u. u. co co ~~ 
(.) (.) a: a: 

40 
39 
38 

· 37 
36 
35 
34 
33 

...._ RB7/KBI3/PGD 

...._ RB6/KBl2/PGC 
- RB5/KBl1/PGM 
,..._ RB4/KBI0/AN11 
« » RB3/AN9/CCP2() 
...._ RB2/INT2/AN8 
____. RB1/INT1/AN10 
- RB0/INT0/FLT0/AN12 
/DD 
-vss 
_ RD7/PSP7/P1D 
_ RD6/PSP6/P1C 
_ RDS/PSPS/P1B 
-RD4/PSP4 
-RC7/RX/OT 
-RCB/TX/CK 
+s RC5/SDO 
_ RC4/S0I/SOA 
• s RD3/PSP3 
-R02/PSP2 

28-pin QFN 

2827 26 25 24 2322 
21 

1 • 20 

i PIC18F2420 ~~ 
4 PIC18F2520 11 
5 16 
6 15 
7 8 91011121314 

t t t t t t t 
-- .... _J c3 g 5 
5 4 9 5 5 8i88¥%€ g8g3a 
in=0 Q 

0 iii a::;;; tS a:: % gi .... 1:: I:: .... 
? O 2? • CCP2 multlplexing. Note 1: RB3 Is the altemale pin for 

RA2/AN2NREF·/CVREF - 
RA3/AN3NREF+ - 

RA4/TOCKVC1 OUT - us«rssvoicR£]_; 
OSC1/CLKI/RA7 _. 

OSC2/CLKO/RA6 - 

- RB3/AN9/CCP2(1) 
- RB2/INT2/AN8 
- RB1/INT1/AN10 
- RBO/INTO/FLT0/AN12 
a/DD 
a\VSS 
+ RCTIRIDT 
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PIC18F2420/2520/4420/4520 
1.0 DEVICE OVERVIEW 1.1.2 
rs document contains device specific information for 
. 6lowing devices: {he Ve 

, PIC18F2420 • PIC18LF2420 
,PC18F2520 • PIC18LF2520 
.pP018F4420 • PIC18LF4420 
.018F4520 · PIC18LF4520 
T's family offers the advantages of all PIC18 micro­ 
controllers - namely, high computational performance 
at an economical price - with the addition of high­ 
endurance, Enhanced Ftash p:-ogram_ memory. On top 
of these features, the PlC18F2420/2520/4420/4520 
family introduces design enhancements that make 
these microcontro!fers a logical choice, fur many high­ 
performance, power sensitive applications. 

4.1 New Core Features 

1.1.1 nanoWatt 1ECHNOLOGY 
All of the devices in the PIC18F2420/2520/4420/4520 
family incorporate a range of features that can signifi­ 
cantly reduce power consumption during operation. 
Key items include: 
, Alternate Run Modes: By clocking the controller 
from the Timer1 source or the internal oscillator 
block, power consumption during code execution 
can be reduced by as much as 90%. 

, Multiple Idle Modes: The controller can also run 
with its CPU core disabled but the peripherals still 
active. In these states, power consumption can be 
reduced even further, to as little as 4% of normal 
operation requirements. 

• On-the-fly Mode Switching: The power . 
managed modes are invoked by user code during 
operation, allowing the user to incorporate power­ 
saving ideas into their application's software 
design. 

• Low Consumption in Key Modules: The 
power requirements for both Timer1 and the 
Watchdog Timer are minimized. See 
Section 26.0 "Electrical Characteristics" 
for values. 

MULTIPLE OSCILLATOR OPTIONS 
AND FEATURES 

All of the devices in the PIC18F2420/252044204 520 
family offer •e diff . " en terent oscillator options, allowing 
users a wide range of choices in developing application 
hardware. These indude: 
' Four Crystal modes, using crystal's or ceramic resonators. 
' Two External C!ock modes, afferfng the o;rtion of 

using two pins (oscillator input and a divide-by-4 
clock output) or one pin (oscillator input, with the 
second pin reassigned as general I/'O) 

' Two External RC Oscillator modes with the same 
pin options as the Extema[ Clock modes 

• An internal oscillator block which provides a:1 
8 MHz clock and an INTRC source (approx­ 
mately 31 kHz), as well as a range of 6 user 
selectable ciock frequencies, between 125 kHz to 
4 MHz, for a total of 8 clock frequencies. This 
option frees the two oscillator pins for use as 
additional general purpose Io. 

• A Phase Lock Loop (PLL) frequency multiplier, 
available to both the high-speed crystal and inter­ 
nal oscillator modes, which allows clock speeds of 
up to 40 MHz. Used with the internal oscillator, the 
PLL gives users a complete selection of clock 
speeds, from 31 kHz to 32 MHz - all without using 
an external crystal or clock circuit. 

Besides its availability as a clock source, the internal 
oscillator block provides a stable reference source that 
gives the family additional features for robust 
operation: 
• Fall-Safe Clock Monitor: This option constantly 

monitors the main clock source against a refer­ 
ence signal provided by the internal oscillator. If a 
clock failure occurs, the controller is switched to 
the internal oscillator block, allowing for continued 
low-speed operation or a safe application 
shutdown. 

• Two-Speed Start-up: This option allows the 
internal oscillator to serve as the clock source 
from Power-on Reset, or wake-up from Sleep 

t·1 the primary clock source is available. mode, un 1 

0S396318-page 7 - 
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plC1 SF2420/2520/4420/4520 
~ . 

other Special Features 
12 
q%rory Endurance: The Enhanced Flash cells 
'Loan program memory and data EEPROM are 
rated to last for many thousands of erase/write 

c1es-UP to 100,000 for program memory and 
[a,000 tor EEPROM. Data retention without 
refresh is conservatively estimated to be greater 
an 40 years. · . . . 

, self-programmability: These devices can write 
to their own program memory spaces under inter­ 
al software control. By using a bootloader rou­ 
tine located in the protected Boot Block at the top 
of program memory, it becomes possible to create 
an application that can update itself in the field. 

, Extended Instruction Set: The PIC18F2420/ 
2520/4420/4520 family introduces an optional 
extension to the PIC18 instruction set, which adds 
a new instructions and an Indexed Addressing 
mode. This extension, enabled as a device con­ 
figuration option, has been specifically designed 
to optimize re-entrant application code originally 
developed in high-level languages, such as C. 

, Enhanced CCP module: In PWM mode, this 
module provides 1, 2 or 4 modulated outputs for 
controlling half-bridge and full-bridge drivers. 
Other features include Auto-Shutdown, for dis­ 
abling PWM outputs on interrupt or other select 
conditions and Auto-Restart, to reactivate outputs 
once the condition has cleared. 

• Enhanced Addressable USART: This serial 
communication module is capable of standard 
RS-232 operation and provides support for the LIN 
bus protocol. Other enhancements include 
automatic baud rate detection and a 16-bit Baud 
Rate Generator for improved resolution. When the 
micro controller is using the internal oscillator 
block, the USART provides stable operation for 
applications that talk to the outside world without 
using an external crystal (or its accompanying 
power requirement). 
'10-bit AID Converter: This module incorporates 

programmable acquisition time, allowing for a 
channel to be selected and a conversion to be 
initiated without waiting for a sampling period and 

thus, reduce code overhead. 
'Extended Watchdog Timer (WDT): This 
enhanced version Incorporates a 16-bit prescaler, 
allowing an extended time-out range that is stable 
{9Ss operating voltage and temperature. See 
ti ection 26.0 "Electrical Characteristics" for. 
me-out periods, 

1.3 
M
Details on Individual Family 
embers 

Devices In the PIC1 available i 2,, '2420/2520/4420/4520 family are 
diagrams tor ,',""_®d 40/44-pin packages. Block 
and Figure 1-2. ° groups are shown in Figure 1-1 

The devices are diffe : ways: . . . ' erent1ated from each other in five 

1. Flash program 
PIC1 BF2420/4420 :;1°':1°ry (16 Kbytes · for 
PIC18F2520/4520). ev,ces and 32 Kbytes for 

2. AD cha I (1 · · 40744.,"PS.10 for 28-pin devices, 13 for 
-pin levices), 

3. I/O ports (3 bidirectional ports on 28-pin devices 
5 bidirectional ports on 40/44-pin devices), 

4. CCP . and Enhanced CCP implementation 
(28-pin devices have 2 standard CCP mod­ 
ules, 40/44-pin devices have one standard CCP 
module and one ECCP module). 

5. Parallel Slave Port (present only on 40/44-pin 
devices). · • · 

All other features for devices in this family are Identical. 
These are summarized in Table 1-1. 
The pinouts for all devices are listed in Table 1-2 and 
Table1-3. . . 
Like all Microchip PIC18 devices, members of the 
PIC18F2420/2520/4420/4520 family are available as 
both standard and low-voltage devices. Standard 
devices with Enhanced Flash memory, designated with 
an "F" in the part number (such as PIC18F2420), 
accommodate an operating VoD range of 4.2V to 5.5V. 
Low-voltage parts, designated by "LF" (such as 
PIC18LF2420), function over an extended VDD range 
of 2.0V to 5.5V. 

o 2007 Microchip Technology Inc. 
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PIC18F2420/2520/4420/4520 
3ABLE 1-1: ..--- Features PIC18F2420 

PIC18F2520 

5Gnats Frequency DC-40 MHz 
PIC18F4420 PIC18F4520 

DC- 40 MHz 
5,-cr Memory (@ytes) 16384 DC- 40 MHz DC- 40 MHz 

32768 16384. 54am Memory 8192 16384 
32768 

pnstructions) 8192 16384 
5-6 mnoy @ytes) 768 1536 
a EEPRoM Memory (Bytes) 256 768 1536 

256 256 256 
Rurup Sources 19 19 20 20 
To Ports Ports A, B, C, (E) Ports A, B, C, (E) Ports A,B, C, D, E Ports A, B, C,D, E 
Tmers 4 4 4 4 
Capture/Compare/PWM Modules 2 2 1 1 
Enhanced 0 0 1 
capture/Compare/PWM Modules 1 

Serial Communications MSSP, MSSP, MSSP, MSSP, Enhanced USART Enhanced USART Enhanced USART Enhanced USART 
parallel communications (PSP) No No Yes Yes 
10:bllAnalog-to-Dlgltal Module 10 Input Channels 10 Input Channels 13 Input Channels 13 Input Channels 
Resets (and Delays) POR,BOR, POR,BOR, POR,BOR, POR, BOR, 

RESET Instruction, . RESET lnslrucOon, RESET Instruction, RESET lnstrucllon, 
Stack Full, Slack Slack Full, Stack Stack Full, Stack Stack Full, Stack 

Underflow (PWRT, osT), Underflow (PWRT, OST), Underflow (PWRT, OST), Underflow (PWRT, OST), 
MCLR (optional), WOT MCLR (optional), WOT MCLR (optional), WOT MCLR (optional), WOT 

programmable Yes Yes Yes Yes 
Hlgh/1.ow-Vollage Detect 
programmable Brown-out Reset Yes Yes Yes Yes 

Instruction Set 75 Instructions; 75 Instructions; 75 Instructions; 75 Instructions; 
83 with Extended 83 with Extended 83 with Extended 83 with Extended 

Instruction Set enabled fnstructlcn Set enabled Instruction Set enabled Instruction Set enabled 

28-pln PDIP 28-pin PDIP 40-pln PDIP 40-pln PDIP 
Packages 44-pin QFN 44-pin QFN .. 28-pin SOIC 28-pin SOIC 

44-pin TQFP 44-pin TQFP 
28-pin QFN 28-pln QFN 

DEVICE FEATURES 

. I 
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pIGURE 1-2: 

PIC18F24 
PIC18F4420/4520 (40/44 p 20/2520/4420/4520 

ffible Pointer<21 > I 
{-PIN) BLOC 

Data Bu&<8> K DIAGRAM 

Address Latch 

~~ 
Data Latch 

Instruction Bus <i®/ l 

INTRC 
T1OSI Oscillator 

T1 . 8MHz OSO [X}- blll Oscillator 

cir?) [X} ll 

Vo, Vss [X} l 

rec;;-i 
~ 

Note 1: 
2: 

RAO/ANO 
RA1/AN1 
3;2;"®wow N3REF+ 
RA4/TOCKI/C1OUT 
RA5/AN4/SSIHLVD osczc6a;;"g'®our 

LI # [QoSCi/CLK®h/RAT 

RBO/INTO/FLTO/AN12 
RB1/INT1/AN10 
RB2/INT2/AN8 
RB3/AN9/CCP2\) 
RB4/KBI0/AN11 
RB5/KBl1/PGM 
RB6/KBl2/PGC 

1 u...l.J' t--o-r.,tl RB7/KBl3/PGD 

State machine · 
control signals 

Internal 
Oscillator 
Block 

Power-up 
Timer 

Osclllator 
Start-up Timer 

Power-on 
Reset 

Watchdog 
11mer 

Brown-out 
Reset 

RC0/T10SO/T13CKI 
RC1/T1 OSI/CCP2!1) 
RC2/CCP1/P1A 
RC3/SCK/SCL 
RC4/SDI/SDA 
RC5/SDO 

lLLLA ,Key RCErTx#CK 
RC7/RX/DT 

Fall-Safe 
Clock Monttor 

Precision 
Band Gap 
Reference 

PORTO 

RDOP SPO:RD4IPSP4 
RD5/PSP5/P1 B · 
RD6/PSP6/P1 C . 
RD7/PSP7/P1D 

REO/RD/ANS 
RE1/WR/AN6 
RE 2iCSIANT 

LL {X] MCLRyer/REs®) 

CCP
2 
ls multiplexed with RCT when configuration bit CCP2MX Is set, or RB3 when CCP2MX Is not set. 

RE3 Is only available when MCLR tunctionailty Is disabled. 3: OSC1ICLKI ang 0SC2ICLKO are only available in select oscillator modes and when these pins are not being used as U9" 

Refer to Section 2.0 "Oscillator configurations" for additional lnforrnauon. 
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pc18F2420/2520/4420/4520 
~ 

PIC18F2420/2520 PINOUT 1/0 DESCRIPTJO 
· Pin Number NS 

pIn Name 
Pin Buffer 

PDIP, QFN Type Type 
SOIC Description 

RyrPRE3 
ic.R 
yPP 
RE3 

26 

osc1/CLKI/RA7 
osc1 

CLKI 

RAT 

osc2/CLKO/RA6 
0sc2 

CL.KO 

ST 

p 
I ST 

9 6 
ST 

CMOS 

1/0 TTL 
10 7 

0 

0 

Master Clear (input) or programming voltage (input) 
aster Clear (Reset) input. This pin is an active-low 
eset to the device, 

Programming voltage input. 
Digital input. · 

Oscillator crystal or external clock input. 
Oscillator crystal input or external clock source input. 
ST buffer when configured in RC mode; CMOS otherwise. 
External clock source input. Always associated with pin 
function OSC1. (See related OSC1/CLKI OSC2/CLKO 
pins.) ' 
General purpose 1/0 pin. 

Oscillator crystal or clock output. 
Oscillator crystal output. Connects to crystal or 
resonator in Crystal Oscillator mode. 
In RC mode, OSC2 pin outputs CLKO which has 1/4 the 
frequency of OSC1 and denotes the instruction cycle rate. 

RA6 1/0 TTL General purpose 1/0 pin. · · · 
Legend: TTL= TTL compatible input · CMOS = CMOS compatible input or output 

ST = Schmitt Trigger Input with CMOS levels I = Input 
o = Output P = Power 

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set. 
2: .Alternate assignment for CCP2 when configuration bit CCP2MX is cleared. 

S 2007 Microchip Technology Inc. 
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C1BF2420/252014420/4520 
' +NF ­ BE 1O: 

Pin Number Pin Buffer 4 Ma:»> PDIP I QFN TQFP Type Type Description ..--222TEXT: 
1 ! 18 18 

Master Clear (input) or programming voltage (input). aisss iG!-";; 
I 

I ST Master Clear (Reset) Input. This pin is an active-low jCL: 
Reset to the device. p 
Programming voltage input. VrP 

I ST Digital input. R[~3 ........ --·-··· ..... -- ....... ;-;:-- 
32 30 Oscillator crystal or external clock Input. gciici.As , ' 

I ST Oscillator crystal input or external clock source input. cos 
ST buffer when configured in RC mode; 
analog otherwise. 

I CMOS External clock source input. Always associated with CLl<I 
pin function OSC1. (See related OSC1/CLKI, 
OSC2/CLKO pins.) 

1/0 TTL General purpose 1/0 pin. RA7 
14 33 31 Oscillator crystal or clock output. [osc2co/RA6 

0 - Oscillator crystal output. Connects to crystal osc2 
or resonator in Crystal Oscillator mode. 

0 - In RC mode, OSC2 pin outputs CLKO which CLKO has 1/4 the frequency of OSC1 and denotes 
the instruction cycle rate. 

1/0 TTL General purpose 1/0 pin. 
RA6 

CMOS = CMOS compatible input or output - ein ut 

3 pfC18F4420/4520 PIN OUT 1/0 DESCRIPTIONS 

d: TTL= TTL compat1bl P I ut 
Legen. ST = Schmitt Trigger input with CMOS levels ~ : ;iwer 

o = Output. 2MX · t 
CP2 h n configuration bit CCP2 is se . 

Note 1: Default assignment for C ~ ~ nfiguration bit CCP2MX is cleared. 
A!yntea assigr@ant fr CCP'> when co 

M. rochlp Technology Inc. 2007 ic 



PIC18F2420/2520/4420/4520 
sf Pin Number Pin Buffer pIn Name PDIP QFN TQFP Type Type Description 
~ 

PORTA is a bidirectional 1/0 port. 2 19 19 A/ANO 
1/0 TTL Digital I/O. RAO 

I Analog Analog input 0. ANO 
3 20 20 xMIANT 

1/0 TTL Digital 1/0. RAT 
I Analog Analog input 1. ANT 

21 21 2REF-ICVREF 4 
RA2/AN 

1/0 m Digital 1/0. RA2 
I Analog Analog input 2. AN2 
I Analog ND reference voltage (low) input VREF- 
0 Analog Comparator reference voltage output CVREF 

22 22 RA3/AN3REF + 5 
1/0 TTL Digital 1/0. RA3 
I Analog Analog input 3. AN3 
I Analog ND reference voltage (high} input VREF+ 

23 RMITOCKI/C1 OUT_ 6 23 
Digital I/O. 1/0 ST RA4 

I ST TimerO external clock input TOCK! 
0 ~ Comparator 1 output C1OUT 

24 RA5/AN4/SS/HLVDIN/ 7 24 
C20UT 

1/0 TTL Digital 110. 
RA5 

I Analog Analog input 4. 
SPI slave select input. . . AN4 

I TTL 
High/Low-Voltage Detect input. ss 

I Analog 
Comparator 2 output HLVDIN 

0 - C2OUT 
See the OSC2/CLKO/RA6 pin. 

RA6 
See the OSC1/CLKI/RA7 pin. 

CMOS compatible input or output RA7 
CMOS- ut - In ut 

PIC18F4420/4520 PINOUT 1/0 DESCRIPTIONS (CONTINUED) 

tagena: 1.= TT compatible f".,,cuoslevels Be; 
ST = Schmitt Trigger inpt P 

O = Output . bit CCP2MX is set. 
· P2 when configuration . p2Mx is cleared. Note 1: Default assignment of [,,g when coring@uration bit cc 
2: Alternate assignmen, for 
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pc18F2420/2520/4420/14520 
~ . 

PIC18F4420/4520 PINOUT I/O DESCRIPTIONS (CONTINUED) 9LE 13: Pin Number Pin Buffer 
(A 

pIn Name PDIP QFN TQFP Type Type Description 
~ PORTB is a bidirectional 1/0 port. PORTS can be 

software programmed for internal weak pull-ups on all 
Inputs. 

aNTO/FLT0IAN12 33 9 8 
1/0 TTL Digital 1/0. RBO I ST External interrupt 0. NT0 I ST PWM Fault input for Enhanced CCP1. PTO I Analog Analog input 12. N12 

34 10 9 gNTA/AN10 
1/0 TTL Digital 1/0. RB1 I ST External interrupt 1. jNT1 I Analog Analog Input 10. AN10 

11 10 RB2NT2/IAN8 35 
1/0 TTL Digital 1/0. RB2 I ST External interrupt 2. iNT2 I Analog Analog input 8. AN8 

12 11 RB3/AN9/CCP2 36 
1/0 . TTL Digital 1/0. 

RB3 I Analog Analog input 9. t AN9 · 
1/0 ST Capture 2 input/Compare 2 output/PWM 2 outpu . ccPz\)» 

14 RB4/KBI0/AN11 · 37 14 
Digital 1/0. 1/0 TTL RB4 

I TTL Interrupt-on-change pin. 
KBIO I Analog Analog input 11. AN11 

RB5/KBl1/PGM 38 15 15 
TTL Digital 1/0. . 1/0 

I t rupt on-change pm. · RB5 
I TTL n er - CSP™ Programming enable pm. KBl1 

1/0 ST Low-Voltage I PGM 
16 

Digital 1/0. l RB6/KBI2/PGC 39 16 
1/0 TTL RBS I TTL Interrupt-on-change P n~ ICSP programming KBl2 
1/0 ST In-Circuit Debugger a 

PGC clock pin. 
·- - ....... 

40 17 47 
TTL Digital I/O. -% RB7/KBl3/PGD 

1/0 
Interrupt-on-change p1 d !CSP programming RB7 

I TTL In-Circuit Debugger an KBI3 
1/0 ST 

data pin._ Gatible input or output 
PGD 

CMOS = CMOS comp 
= Input legend: TTL= TTL compatible inP®_,, cMOS levels. ! power 

ST = Schmitt Trigger input w P : ·t. 

CCP2MX is se O =Output onfguration.bl 5;jjy js cleared. 
CCP2 when co · bit CCP Mote 1: Default assignment for' 59 when configuration 

2: Alternate assignment for CCP 

l. 
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PIC18F2420/2520/442014520 
PIC18F4420/4520 PINOUT 1/0 DESCRIPTIONS (CONTINUED) rBLEl- U'"'''j,,,,_F'''""!"U"fl, 

pin Name 

;::---- 

co/Ti0so/T13CKI 
RCO 
TH0SO 
T1iCKI 

ct/TM0SI/CCP2 
RC1 
Ti0SI 
ccPz®» 

RC2/CCPA/P1A 
RC2 
CCP1 
P1A 

RC3ISCK/SCL 
RC3 
SCK 

SCL 

RCA/SDI/SDA 
RC4 
SDI 
SDA 

RCS/SDO 
RCS 
SDO 

RC6fTX/CK 
RC6 
TX 
CK 

Pin Number Pin Bu ffer PDIP QFN TQFP Type Type Description 
p ORTO is a bidirectional 1/0 port. 15 34 32 

110 ST Digital 110. 
0 - Timer1 oscillator output. 
I ST Timer1/Timer3 external clock input. .. 16 35 

17 36 

18 37 

23 

24 

25 

42 

43 

44 

35 
1/0 ST 

I CMOS 
110 ST 

36 
1/0 ST 
1/0 ST 
0 - 

37 
1/0 ST 
1/0 ST 

. 1/0 ST 

42 
ST 1/0 

I ST 
1/0 ST 

43 

44 

110 ST 
0 - 
1/0 ST 
0 - 

1/0 ST 

1/0 ST 
I ST 

1/0 ST 

Digital 1/0. 
Timer1 oscillator input. 
Capture 2 input/Compare 2 output/PWM 2 output. 

Digital 1/0. t 
Capture 1 input/Compare 1 outpuUPWM 1 outpu . 
Enhanced CCP1 output. 

Digital 1/0. . ~ 
Synchronous serial clock input/output for 
SPIT' mode. {+o-?CT" mode Synchronous serial clock inpuUoutput or . 

Digital 1/0. 
SPI data in. 
Pc data I/O. 

Digital 1/0. 
SPI data out. 

Digital 1/0. t nsmit 
=USART asynchrono?". cas related RxrT). 
EUSART synchronous c 

1 1 Digital 1/0. receive. 
RC7/RX/DT 

26 
EUSART asynchronou~ ta (see related TXI/CK). 

ART synchronous a 
RC7 EUS atible input or output RX cos'= cMs comp DT. - - ·- · ., .. t I . = Input 

Legend· TTL= TTL compatible _Input with CMOS levels P = Power • itt Trigger inpu 
ST = Schm1 r - · · . CPZMX is set. 
0 =Output he configuration!7,6gjyx is cleared. 

t for CCP2 w en fi ration bit Note 1: Default assignmen CCP2 when configUl 
2: Alternate assignment for' 
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-··-·· -<apat IMOHIT IO pp:e 
SCRIP TIONS (CONTINUED) 

plC1 SF2420/2520/4420/4520 
~ 

-3 PIC18F4420/4520 PINOUT 1/0 DESCRIPTIONS (CONTINUED) asEt '77 soar] j hi,i,(""(180f0), 
. pJn Name PDIP QFN TQFP Type Type 

Description 

porPSPO 
RDO 
psPO 

DPSP1 
RD1 
pPsP1 

RD2PSP2 
RD2 
pPSP2 

RD3/PSP3 
RD3 
PSP3 

RD4/PSP4 
RD4 
PSP4 

RD5/PSP5/P18 
RDS 
pPSP5 

P1B 

19 

20 

21 

22 

27 

28 

29 

38 

39 

40 

41 

2 

3 

4 

38 

39 

40 

41 

2 

3 

4 

1/0 
1/0 

1/0 
1/0 

1/0 
1/0 

1/0 
1/0 

Vo 
1/0 

1/0 
1/0 
0 

1/0 
1/0 
0 

ST 
TTL 

ST 
TTL 

ST 
TTL 

ST 
TTL 

ST 
TTL 

ST 
TTL 

ST 
TTL 

PORTO is a bidirectional 1/0 port or a Parallel Slave 
Port (PSP) for interfacing to a microprocessor port. 
These pins have TTL input buffers when PSP module 
is enabled. 

Digital 1/0. 
Parallel Slave Port data. 

Digital 1/0. 
Parallel Slave Port data. 

Digital 1/0. 
Parallel Slave Port data. 

Digital I/O. 
Parallel Slave Port data. 

Digital 1/0. 
Parallel Slave Port data. 

Digital 1/0. 
Parallel Slave Port data. 
Enhanced CCP1 output. 

RD6/PSP6/P1 C. 
RDS 
PSP6 
P1C 

RD7/PSP7/P1D 30 5 5 l/0 ST Digital 1/0. 
RD7 TTL Parallel Slave Port data. 

1/0 Enhanced CCP1 output. 
PSP7 0 CMOS compatible Input or output 

Digital I/O. 
Parallel Slave Port data. 
Enhanced CCP1 output. 

P1D CMOS= · 
Legend: TTL= TTL compatible input . CMOS levels = Input 

· ST = Schmitt. Trigger input with p = Power 
O = Output b5it CCP2MX is set. 

2 ·hen configuration 1 2MX is cleared. Nate 1: Detaut assignment for CC%',%n concur=tion bit ccP 
2: Alternate assignment for C 

~ 
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PIC18F24 20/2520/4420/4520 
2.0 

21 

OSCILLATOR 
CONFIGURATIONS 

oscillator Types 

FIGURE 2-1: 

pc18F2420/2520/4420/4520 devices can be operated 
, tan different oscillator modes. The user can program 
the configuration bits, FOSC3:FOSC0, in Configuration 
Register 1 H to select one of these ten modes: 
A. LP Low-Power Crystal 
2. XT Crystal/Resonator 
3, HS High-Speed Crystal/Resonator 
4. HSPLL High-Speed Crystal/Resonator 

with PLL enabled 

5. RC External Resistor/Capacitor with 
Fosc/4 output on RA6 

6. RCIO External Resistor/Capacitor with 1/0 
on RA6 

7. INTIO1 Internal Oscillator with Fosc/4 output 
on RA6 and 1/0 on RA7 , . 

8. INTIO2 Internal Oscillator with 1/0 on RA6 
and RA7 

9. EC External Clock with Fosc/4 output 
10. ECIO External Clock with 1/0 on RAS 

2.2 Crystal Oscillator/Ceramic 
Resonators · 

In XT, LP, HS or HSPLL Oscillator modes, a crystal or 
ceramic resonator is connected to the OSC1 and 
OSC2 pins to establish oscillation. Figure 2-1 shows 
the pin connections. 
The oscillator design requires the use of a parallel cut 
crystal. 

Note: Use of a series cut crystal may give a fre­ 
>. quency out of the crystal manufacturer's 
' specifications. 

CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(XT, LP, HS OR HSPLL 
CONFIGURATION) 

PIC18FXXXX 

Note 1: See Table 2-1 and Table 2-2 for initial values of 
C1 and C2. 

2: A series resistor (Rs) may be required for AT 
strip cut crystals. · 

3: RF varies with the oscillator mode chosen. 

TABLE 2-1: CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Typical Capacitor Values Used: 

Mode Freq OSC1 OSC2 

XT 3.58 MHz 15 pF 15 pF 
4.19 MHz 15 pF 15 pF 
4 MHz 30 pF 30 pF 
4 MHz 50 pF. 50 pF 

Capacitor values are for design guidance only. 
Different capacitor values may be required to produce 
acceptable oscillator operation. The user should test 
the performance of the oscillator over the expected 
VD and temperature range for the application. 
See the notes following Table 2-2 for additional 
information. 

Note: When using resonators with frequencies 
above 3.5 MHz, the use of HS mode, 
rather than XT mode, is recommended. 
HS mode may be used at any Vo for 
which the controller is rated. If HS is 
selected, it is possible that the gain of the 
oscillator will . overdrive. the resonator. 
Therefore, a series: resistor should be 
placed between the OSC2 pin and the 
resonator. As a good starting point, the 
recommended value of Rs is 33052. 

Ds39631B-page 23 - 
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plC18F2420/2520/4420/4520 
~ 

CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

----- Typical Capacitor Values 

sc 1yP® 
crystal .. Tested: 
freq - C1 c2 

e 32 kHz 30 pF 30 pF 

-xr 1 MHz 15 pF 15 pF 
4 MHz 15 pF 15 pF 

is 4 MHz 15 pF 15 pF 
10 MHz 15 pF 15 pF 
20 MHz 15 pF 15 pF 
25 MHz 0pF 5 pF 
25 MHz 15 pF 15 pF 

cwacltor values are for design guidance only. 
These capacitors were tested with the crystals listed 
below for basic start-up and operation.These values 
are not optimized. 
Different capacitor values may be required to produce 
acceptable oscillator operation. The user should test 
the performance of the oscillator over the expected 
Vo and temperature range for the application. 
sea the notes following this table for additional 
Information. 

Crystals Used: 
32kHz 4 MHz 
25MHz 10MHz 

1 MHz 20MHz 

Note 1: Higher capacitance increases the stability 

.a±E' using certain ceramic resonators at any 
voltage, it may be necessary to use the 
.HS mode or switch to a crystal oscillator. 

3; Since each resonator/crystal has its own 
: characteristics, the user should consult 
the resonator/crystal' manufacturer for 
.:- appropriate values of external 

... ·· . .,- components. . . :- :•; . . . . . . 

4; Rs may be required to avoid overdriving 
<crystals with low drive level specification. 
' 5 /Always verify oscillator performance over 
the VDD and temperature range that IS 

expected for the application. . 

An external clock source. . . 
osc1 pin in the HS d may also be connected to the 

mo e, as shown In Figure 2-2 FIGURE2-2: EXTERNAL CLOCK INPUT 
OPERATION (HS OSC 

·. CONFIGURATION) 

Clock from 
Ext. System 

Open 

X ] OSC'T 

PIC18FXXXX 
OSC2 (HS Mode) 

2·3 External Clock Input 
The EC and ECIO o ·11 t clock sour t b sci a or modes require an external 

. ce o ·e connected to the OSC1 pin. There is 
no oscillator start-up time required after a Power-on 
Reset or after an exit from Sleep mode. 
In the EC Oscillator mode, the oscillator frequency 
divided by 4 is available on the OSC2 pin. This signal 
may be used for test purposes or to synchronize other 
logic. Figure 2-3 shows the pin connections for the EC 
Oscillator mode. 

FIGURE 2-3: EXTERNAL CLOCK 
INPUT OPERATION 
(EC CONFIGURATION) 

Clock from 
Ext. System 

Fosc/4 

"'X).. --1.i OSC1/CLKI 
PIC18FXXXX 

OSC2/CLKO 

The ECIO Oscillator mode functions like the EC mode, 
except that the OSC2 pin becomes an additional gen­ 
eral purpose 1/0 pin. The 1/0 pin becomes bit 6 of 
PORTA (RA6). Figure 2-4 shows the pin connections 
for the ECIO Oscillator mode. . _ 

FIGURE 2-4: EXTERNAL CLOCK 
INPUT OPERATION 
(ECIO CONFIGURATION) 

Clock from 
Ext. System 

RA6 

o ] OSC1/CLKI 
PIC18FXXXX 

1/0 (OSC2) 

© 2007 Microchip Technology Inc. 

Dsassa 1B-page 24 
preliminary 



elecontrolli 

res 

RT4-XXX 
Radio Transmitter Module with SAW Resonator and External Antenna 

General description 

The RT4-XXX is an hybrid circuit that allows to 
realize a complete radio transmitter adding a coding 
circuit. 

It shows stable electric characteristics thanks to the 
"Thick film hybrid" technology. 

XXX: working frequency (315,418,433.92 MHz) 

J-ETS 300 220 Compliance (RT4-433.92-IE TS) 

High Reliability 
IL Package 

Applications 

□ Wireless security systems 
D Car Alarm systems 
Remote gate controls 
□ Sensor reporting 

SCHEMATIC 

EA 

T 



istics 

f 
4. 

supply Voltage 

Supply Current (Vcc=5V IN=1KHz Square Wawe) 

working Frequency I 
RF output Power into 507 (Vi=5V, Vcc=12yy 
Harmonic Spurious Emission 

Input High Voltage 

Max Data Rate 
Operating Temperature Range 

303.8 

2 

f1t til' •,ng this device requires emissions testing and government approval, wich is the responsibility of the equipment manufacturer. ·pmentu rz ye9 

-25 

4 
mA 

433.92 MHz 
7 10 dBm 
-30 dBc 

Vee ! V 
4 I KHz 

+80 c 

Description Mechanical Dimensions 

r- 17.78 mm 
~ 

Supply Voltage Ve 

i GND Ground 
Modulation Input ~ C4 IN 

s.osm:[1 TOP VIEW 10.16 mm EA External Antenna 

' 2 3 sy ~ 

ICAL APPLICATION 

JX 

Led 
Vee + 

In RT4 EA 1 16 r> 2 M 15 
C 

14 GND 3 1 
4 4 13 

5 5 12 

6 0 11 
2 

7 6 10 

8 9 

lelecontrolli 
OFFICE & PLANT HEAD 

Puglie 177 va Nan "f, • a 
aoo26 cas 1 7599033 re +89,©' ysos«ss 
Fax: +39 



jecontrolli RR3-XXX 
Super Regenerative Radio Receiver With Laser 
Trimmed Inductor 

General description 

The RR3-XXX is a super regenerative data receiver. 
Sensitivity typically exceedes -l00dBm (2.2uVrms) 
when matched to 50 ohm. 

It shows high frequency stability also in presence of 
mechanical vibrations, manual handling and in a wide 
range of temperature. 

The frequency accuracy is very high thanks to laser 
trimming process. PATENTED. 

I-ETS 300-220 Compliance (RR3-418, RR3-433.92) 
FCC 15/C Compliance (RR3-315) 

: custom-specified working frequency 
(200 + 450 MHz) 

dardEuropean and U.S. frequencies (315MHz, 
Hz, 433.92MHz) are readly available from 
k. 

·v . AF 

• [ 
' Pre- Amp 

I 
GND 
RF 

··• 'i" 
RF 

oscillator 

7 " Quench 
oscillator 

~- .. 

Applications 

• Home security systems 
• Car Alarm systems 
• Remote gate controls 
• Sensor reporting 

LP AM 
Ampli 

·1 
GND 
AF 

. . . 

. . ! .·· 

comparator -.:::-0- · 
~ UT 0 . 

GND 
Test AF 
Point 



eristics 

RF supply Voltage 
AF supply Voltage 
supply Current 
working Frequency 

Tuning Tolerance 

.3dB Bandwidth 

Max Data Rate 
RF Sensitivity (100% AM) 

Level of Emitted Spectrum 
Low-Level Output Voltage 

t, High-Level Output Voltage 
Operating Temperature Range 

Description 

RF +V, 9 NC 
RFGND 10 AF +V, 
IN 11 AF GND 
NC 12 AF +V, 
NC 13 Test Point 
NC 14 OUT 
RFGND 15 AF +V,, 
NC 

Ta = 25C u nless otherwise specified 

voe 

2.5 
voe 

200 3 mA 
450 MHz 

±0.2 ±0.5 MHz 
±2 ±3 MHz 

-100 
2 KHz 

-105 
-65 

dBm 
-60 dBm 

3.6 
0.6 V 

-25 
V 

+80 c 

Mechanical Dimensions 

# 38.1mm 

A 

Components Side 
I 

12.7mm 

AL APPLICATION 

AERIAL RR3-XXX 
IN 

DECODER 
OUT 

+5V 

te/econtrolli 
HEAD OFFICE & PLANT 

yia Naz. delle Puglie 177 
g026 Casoria (NA), Italy 
rat: +39 081 7599033 
p,: +89 081 7596494 



DOLT EK 
2? s,_ HT12A/HTt2= 
° ?@sofFncoders roatureS 

Operating voltage 
.94V-5V for the HT12A 
.9, 4V-12V for the HT12E 
Low power and high noise immunity CMOS 
technology 
Low standby current: 0.1A (typ.) at 
V=6V .• HT12A with a 38kHz carrier for infrared 

• transmission medium 

Applications ' .. ·· · 
Burglar alarm system 
Smoke and fire alarm system 

, Garage door controllers 
, Car door controllers 

General Description 
Te 2 encoders are a series of CMOS LSis for 
remote control system applications. They are 
capable of encoding information which consists 
ofN address bits and 12-N data bits. Each ad­ 
dress/data input can be set to one of the two 
logic states. The programmed addresses/data 
are transmitted together with the header bits 

Selection Table 

" Minimum t . -, ransmission word 
- 0 our words for the HT12 

'ne word for the HT12A 
Built-in oscillat 
Data code ,,"Feeds only 5% resistor 
Mi:. $ positive polarity 

. • H~nimal external components 
12A/E: 18-pin DIP/20-pin SOP package 

• Car alarm system 
• Security system 
• Cordless telephones 
• Other remote control systems 

via an RF or an infrared transmission medium 
upon receipt of a trigger signal. The capability 
to select a TE trigger on the HT12E or a DATA 
trigger on the HT12A further enhances the ap­ 
plication flexibility of the 2°series of encoders. 
The HT12A additionally provides a 38kHz car­ 
rier for infrared systems. 

~ 
Address Address/ Data Package Carrier Negative 

Oscillator Trigger Output Polarity No . Data No. No. . 
455k Hz D8-DI1 18 DIP 38kHz No 

HT12A 8 0 4 resonator 20 SOP 

RC TE 
18 DIP No No 

HT12E 8 4 0 oscillator 20 SOP 

uire­ . ddr data according to the decoder req 
Note: Address/Data represents pins that can be a ress Or 

ment. 

April 11, 2000 
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Block Diagram 

rE trigger 
HT12B 

AO 

A7 

OSC2 OSC1 

,--.....L.--1--· - ··············-··········-·················, 
. ! 

+3 Divider r.::---- i Oscillator 

12 Transmission 
Gate Circuit 

+12 Counter &· 
1 of 12 Decoder 

Binary Detector{ I 

HT12AIHT12E 

oour 

AD8 ----------AD1T 

" 4 
-·-·;_6·······-6-••····-···· 

VDD VSS 

DATA trigger . 

HT12A 

X2 X1 

Oscillator 

[[()} 

12 Transmission 
Gate Circuit 

Data Select 
& Buffer 

Sync. 
Circuit 

Binary [etector } 

'--·-···- )----n---------1 

DOUT 

D8 -----------D11 VDD VSS 

Note: The address data pins are available in various combinations (refer to the address/data table). 

April 11, 2000 
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pin Assignment 

g-Address 
4-Data 

1 
2 

HT12A 
-18 DIP .· 

Pin Description 

8-Address 
4-Data 

VDD 
DOUT 3 
X1 4 
X2 5 
UMB A4 
011 · AS 

A6 

vss 

.' HT12A, 
-20 SOP 

NC 
VODo 

DOUT 
X1 
X2 

8-Address 
4-Address/Data 

HT12E 
-18 DIP 

HT12AIHT12E 

8-Address 
4-Address/Data 

VDD 2 
DOUT A1 3 
OsCi A2 4 
Osc2 A3 5 

A4 6 
AS 7 
A6 
A7 12 

vss 11 

HT12E 
-20 SOP 

NC 
VDD 
DOUT 
OSC1 
OSC2 

Pin Name 1/0 Internal 
Connection Description 

CMOS IN 
Pull-high 
(HT12A) 

A0-A7 I 
NMOS Input pins for address A0-A7 setting 

TRANSMISSION 
GATE 

These pins can be externally set to VSS or left open 

PROTECTION 
DIODE 
(HT12E) 

NMOS 
TRANSMISSION 

AD8-AD11 I GATE Input pins for address/data AD8-AD11 setting 
PROTECTION These pins can be externally set to VSS or left open 

DIODE 
(HT12E) 

: Input pins for data D8-D11 setting and transmission en- 

D8-D11 I 
CMOS IN able, active low 
Pull-high These pins should be externally set to VSS or left open 

(see Note) 

DOUT 0 CMOS OUT Encoder data serial transmission output 

CMOS IN 
Latch/Momentary transmission format selection pin: 

L/MB I Latch: Floating or VDD 
Pull-high Momentary: VSS 

April 11, 2000 
3 



pin Name J/0 Internal 
Connection 
CMOS IN Description 
Pull-high Transmi: s iss1on enable . ~- --------~ 

osC1 I OSCILLATOR @ctive low ( Z\',ft®oats.» ®®·e 
OsC2 O OSCILLATOR; @r input pin 

Xl 
I Oscillator :.-7 OSCILLATOR2. ifs],,,""""[wwnsacrs 

X2 OSCILLATOR 2 455kH sc11lator input 
VsS I z resonator oscillatc N · a5or output 

T I 

HT12AIHT12E 

VDD I YCgative power supply p . . PP Y, grounds 
. · 'ositive power supply 

Note: D8-D11 are all data input and · . - - . transmission e bl . 
TE is a transmission enabl . nat e pins of the HT12A e pin of the HT12. " 

Approximate internal connections · 

NMOS CMOS IN 
TRANSMISSION 

GATE 
Pull-high CMOS OUT OSCILLATOR 1 

_L 

~--- 
#+?yo ____ _fTl__o ----{>o-o 

OSCILLATOR 2 NMOS TRANSMISSION GATE 
PROTECTION DIODE 

L- 

o---[)o-u : ___ ~ 
VoD 

<?___r 

Absolute Maximum Ratings 
Supply Voltage (HT12A) -0.3V to 5.5V 

Input Voltage v88-0.3 to Vno+0.3V 
Operating Temperature -20°C to 75·C 

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi­ 
mum Ratings" may cause substantial damage to the device. Functional operation of this device 
at other conditions beyond those listed in the specification is not implied and prolonged expo- 
sure to extreme conditions may affect device reliability. 

Supply Voltage (HT12E) -0.3V to 13V 
Storage Temperature -50°C to 125°C 

April 11, 2000 
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s --- e1ectrical Characte_ristics 

yT12A 

HT12AIHT12E 

-- 
Symbol Parameter 'Test Condit; Ta-25°C 

Vpn 
1 ions 

·-- Conditions - · Min. Typ. 
VpD Operating Vo_ltage 

Max. Unit 

'- 
- 

IsTB Standby Current 3V· 
2.4 3 5 

I-- Oscillator stops 
- V 

5V - 0.1 1 ~ µA 

IpD Operating Current 3V No load 
0.1 1 µA 

~ 
5V fosc--455kHz - 200 400 µA 

IpoUT Output Drive Current Vo=0.9Vpp (Source) 
400 800 µA 

.. 5V. 1 1.6 .. VoL 0.lVnn (Sink) . 
mA 

Vi "H" Input Voltage 
2 3.2 mA 

ViL "L" Input Voltage 
0.8Vpp VpD V 

D8~Dll Pull-high 
0 0.2Vnn 

RpATA 

V 

Resistance 5V VpATA=OV 150 300 kn 

HT12E Ta--25·C 

Symbol Parameter 
Test Conditions 

VpD Conditions 
Min. Typ. Max. Unit 

Vnn Operating Voltage - 2.4 5 12 V 

IsTB Standby Current 
3V - 0.1 1 A 

f---- Oscillator stops 
12V 2 4 µA 

Inn Operating Current 
3V No load - 40 80 A 
,_ 
12V fosc=3kHz - 150 300 µA 

IpoUT Output Drive Current 
Vo=0.9Vpp (Source) -1 -1.6 - mA 

5V VoL=0.1Vpp (Sinl) 1 1.6 - mA 

Vr "H" Input Voltage - - 0.8Vp - VpD V 

ViL "L" Input Voltage - - 0 - 0.2Vpp V 

fosc Oscillator Frequency 5V Rosc=1.1MO - 3 - kHz 

Rr5 TE Pull-high Resistance 5V Va5=OV - 1.5 3 MO 

April 11, 2000 
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LTEK#. HO --- • 1 Description panctionat HT12AIHT12E 

operation . r enc<iders begin a d-word transmission cye], upon receipt of a transmission enable 
2

12 

sene~~ZE or D8~Dll for the IIT12A, active low]. This cycle will <epeat itself as long as the 1 for tM H hie (TE or D8-D11) is held lo we Once the transmission enable returns high the en- (T ,mission ena letes its final cycle and then stops as shown below. tran tput comp 
c,der ou . . . . . 

TE --:: LJ l L J -] [4-- <1word 
Encade.r _J · [ J [ __ 

DOUT · '-- ---~ Transmitted I 
~ 4 words ➔I r<- Continuously[4- 4 words =p 

Transmission timing for the HT12E 

D8-D1_1 7J I I Key-in 

s "i"" pg--+» 
~ 1 word I+-:- Continuously 

~ h HT12A (LIMB=Floating or VDD) t. ·ng for the Transmission imi 

-------7, I · (alldala=1) LJ . I+ 7 words +I .±.g4% _mamgit 
"«at_fl\TTlIi] ·' "ii' " ~ I+ 7 words -+-I 

1 word (all data=1) HT12A (L/MB=VSS) 
. . n timing for the Transmissio 

April 11, 2000 
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HO~~EK#~< __ i·_. ----------.:.. HT12AM#Ti2g ;,..---- 
tion word · . . 

i,form• d vice is in the latch mode (for use with the latch type of data deeode,s). When the trans­ 
1MB=1 the ~ ·emoved·during a transmission, the Dou1• pin outputs a complete word and then 

If_ ion enable !5 '. hand, if L/MB=O the device is in the momenta,-, mode (for use with the momentary w",, the ot 
1

~ rs) When the iTansmission enable is removed during a transmission, the DOUT ""cal """",,,a ia kc adds 7 words at o al"" type comple e · • · 
tputs a . d consists of 4 periods as illustrated below. 0 1tioi wor inform a 

An" [@Eh}777737m7Brr777) rrr, 2 ._Lr{el@'iii'@''@<4 3' 1/3 bit sync. period j_ I 
I I _ . data code -.! ---J i~ address code penod 

I 
period - 1 

p: 
I' pilot period (12 bits) ~ ! 

Composition of information 

f . t logiestates as 

A
ddress/data wave orm /d ta pin can be externally set to one of the followmg wo ammable address a Each progr 

shown below. 

fosc 

"One" 

"Zero" 
l Address/ 
] 'biaa Bi 

fi the HT12E bit waveform or Address/Data i 

rose 

· "One" 

Data Bil( " 
"Zero 

"One" 

Address Bit ( " . 

"Zero 
8·1~ 

i Address 
1 

' HT12A -►. for the 
b·t waveform /Data 1 Address 

I 11, 2000 Apn , 
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s/data bits of the HT12A are transmitted with a 
381 

B . . . 
ddresSli Carrier for infrared rerota co,». 

1t® " ,,ability. roller 
data programming (preset) 

AddresS/ /d t · b · a· 'd 
tus of each address. a a pm can e individually pre-set to lopie "high" or "low". If a transmis­ 

Test signal is applied, the encoder scans and transntlts the status of the 12 bits of ad. 
ion-enable ially in the order AO to ADU for the HT12E encoder and AO to nu for the HT12A s sfdata sen dres 

encoder: ation transmission these bits are transmitted wit} a preceding synchroni,ation bit. If D
uring info~m 1 is not applied, the chip enters the standby mode and consumes a reduced current of gger s1gnau 5f 5V the tr.B ,,A for a supply voltage of5V. 

1ess tban 

11 

t' s preset the address pins with individual security codes using DIP switches or PCB 
Usual apphca ihon data is· selected by push buttons or electronic switches. . . while t e . . . . . 
wi."",,gure shows an application using the HT12­ me tollowins+. 

HT12AIHT12E 

OsC1 OSc2 

VDD AO A1 

Transmission 
DOUT medium 

A2 A3 A4 A5 A6 A7 VSS TE ADS AD9 AD10 AD11 

Voo 

VSS 

. . formation is as shown: 
AD9 ADlO ADU A7 AD8 

The transmitted in:o A4 
A5 A6 Al A2 A3 

1 1 0 
Pilot AO 

1 1 0 1 
& 

1 0 0 Sync. 1 0 

April 11, 2000 
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Address/Data sequence 
e following provides the address/data sequence table · . 
[cs. The correct device should be selected accofa,,,," ye models or enc 2? sass or 
enc. gt»the individual address and data require- ments. - · , 

HT1 2A/HT12E 

part No. Address/Data Bits 0 1 2 3 4 5 6 7 8 9 10 11 -:-- HT12A A0 Al A2 A3 A4 A5 A6 A7 DB D9 DlO D11 HT12B ·AO Al A2 A3 A4 A5 A6 A7 AD8 AD9 ADlO ADU 
Transmission enable 

p,r the HT12EB encoders, transmission is enabled by applying a low signal to the TE pin. For the 
T12A encoders, transmission is enabled by applying a low signal to one of the data pins D8-D11, 

. . 
Two erroneous HT12E application circuits 
The HT12E must follow closely the application circuits provided by Holtek (see the "Application cir­ 
cuits"). 

E . . AD8~AD11 pins input voltage > Vpp+0.3V ■ nor. 

OSC2 \/DD g 4, 

OSCT ADff s [ [[ 

TE AD10 ~--t--t--+-i----, 

VSS AD9 [ s[[ [ Q 
A[8 [ o [ [ 

HT12E 

April 11, 2000 
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• Error: The !C's power source is a:ti 
. . . . < c tvated by pins 

AD8-AD11 
HT12A/HT12E 

Osc2 

OsCi 

re 
vss 

VDD 
12V 

AD11 

ADfo 

AD9 
1"-f--H~t\A_ 

ADB 

HT12E 

Flowchart 
• HT12A 

Power on 
• HT12E 

Power on 

Standby mode 

No 

Data with carrier 
serial output 

No 

No 

Standby mode 

4 data words 
transmitted 

4 data words 
transmitted 
continuously 

Send "1" 7 times for 
all of the data codes 

Note: D8~Dll are transmission enables of the HT12A. 
TE is the transmission enable of the HT12E. 

April 11, 2000 
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~ ore'W" 
oscillator frequency vs supply voltage 

fosc 
(Scale)· 

7.00 

HT1 2A/HT12E 

6.00 

5.00 

4.00 

- I- -· - I - - ·- 1-· ·- j" - I _ .. 

~ 1 , : , ·, ·• ~- - - 7 •· - - ,- - .. ., _ _ _ Rose (0) 

- : - - -: - - - ~ - - ~ - - -:- - - ~ - - -: - - - ,. '._ - ~ 

1 

• - -: 470k 

--..' 'l"..'., 
- : I - - !.. I I I 'stok 
' --1------!> 

p p= l% s» so s s», I 
_· I I I I I : I : 560k 

- - -,- - - ., - - _, 
I I 

{it4 I..{ 
I 

I -,------- 
' ' I 

(3kHz)3.0D 1- - - ... , 

2.00 - ,... - - 

1.00 

_ L __ .l _ .:._ _ I _ 

I I I 

- I I 

I - ,- 

- I_ - - 
I _, 

I 

TT---r--+-_ 680k 
v ± 750k 

7";-----4--- ' ,' 7 --±±»}820k 
I I 

:- •• _ ~ 
1 
910k 

___ ~ __ ~ , ~ : ; : 1.0M 
I I ".11tic'' 12M 

: t ~ - - -1- - - T - - -I 
I 

. , , 1.5M 
®@ 4A »sl sp 4 a»l 

I I l 

_____ ~ _ _ : 
1 

: 2.0M 

- - _J - - 

r--- ---+€-=4---f%., - ·- -1 - - - r - - _, - - - r - - -1 - - - ,- - - " - - -1 
I I I t I I I I I 

I I I I I I I I I 
- L - - .J - - _I __ - .l - I 1. •. __ t L '.--' ~ I_. _ -~ _ 

2 3 4 5 6 7 8 9 10 11 12 13 Voo (V DC) 

The recommended oscillator frequency is foscn (decoder) = 50 fosc (HT12E encoder) 
1 =- fosc (HT12A encoder) 
3 
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.%cul -- 
Application Circuits HT12AIHT12E 

Voo 

A1 

A2 

A4 

VDD '18 

Dour[!'' Aw, I 
X1 16 

xa '15 

tuua I' , u--J. 

AS 011 
13 
- o---..i. 

010. 12 

A7 

]\/SS 
.__ _J 

HT12A 

100pF 

DOUT 17 

osci[16 A,, 
0SC2 15 Rose 

HT12E 

Note: Typical infrared diode: EL-1L2 (KODENSHI CORP.) 
Typical RF transmitter: JR-220 (JUWA CORP.) 

April 11, 2000 
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2°s ?esof Decoders features 

Operating voltage: 2.4V-12V 
Low power and high noise immunity CMOS 
technology 
Low standby current 
Capable of decoding 12 bits of information 
Pair with Holteks 2 series of encoders 
Binary address setting · 
Received codes are checked 3 times 

Applications 
Burglar alarm.system 
Smoke and fire alarm system 

• Garage door controllers 
• Car door controllers 

General Description 
me 2 decoders are a series of CMOS LSIs for 
remote control system applications. They are 
paired with Holtek's 2 series of encoders (re­ 
fer to the encoder/decoder cross reference ta­ 
ble). For proper operation, a pair of 
encoder/decoder with the same number of ad­ 
dresses and data format should be chosen. 
The decoders receive serial addresses and data 
from a programmed 2 series of encoders that 
are transmitted by" a carrier using an RF or an 
IR transmission medium. They compare the se­ 
rial input data three times continuously with 

SI T bl 

• Address/Dt - HT. a a number combination 
,'?' ?@ss is and 4 a.at is 
Bun),, '> 2Z address bits only 

' ,"[oscillator needs only/ s% resistor 
ah transmission indicator 

• Easy interface with an RF or an infrared 
transmission medium 

• Minimal external components 

• Car alarm system 
• Security system 
• Cordless telephones 
• Other remote control systems 

their local addresses. If no error or unmatched 
codes are found, the input data codes are de­ 
coded and then: transferred to the output pins. 
The VT pin also goes high. to. indicate a valid 
transmission. 
Te 2 seres of decoders are capable of decod­ 
ing informations that consist of N bits of ad­ 
dress and 12-N bits of data. Of this series, the 
HT12D is arranged to provide 8 address bits 
and 4 data bits, and HT12F is used to decode 12 
bits of address information. 

election a e 

~ 
Address Data VT Oscillator Trigger Package 

No. No. Type 
18 DIP/20 SOP . 

DIN active "Hi" 
HT12D 8 4 L ✓ RC oscillator 

18 DIP/20 SOP 
V RC oscillator DIN active "Hi" HT12F 12 0 

I t h t e data output. Notes: Data type: L stands for a c YP 
t Y data output. VT can be used as a momenar, 

July 12, 1999 
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Block Diagram 
2°s eries of Decoders 

QIN 

OSC2 OSCI 

··········0········1 ······-: _ _ _.! .• _ .••••••. _ •• _ ...••••.•••.•••.••.• _ ••.•.....••. _ •..• _ .. 1 

i 
Latch Circuit ! 9 Data Data Shift 

Register 

Transmission Gate Circuit 
VT 

®a {} ' 
VDD VSS · 

Note: The address/data pins are available in various combi> ti ( • nauons (see the address/data table). 

Buffer 

Pin Assignment 

g-Address 8-Address 12-Address 12-Address 
4-Data 4-Data 0-Data 0-Data 

NC 20 NC NC 1 NC 
AO 1 18 VDD AO 2 19 VDD AO 18 VDD AO 2 VDD 

A1 2 17 VT AT 3 18 VT A1 2 17 VT A1 3 VT 

A2 3 16 OSC1 A2 4 17 OSC1 A2 3 16 OSC1 A2 4 17 OSC1 

A3 4 15 OSC2 A3 5 16 OSC2 A3 4 15 Osc2 A3 5 16 OSC2 

A4 5 14 DIN A4 6 15 DIN A4 5 14 DIN A4 6 15 DIN 

A5 6 13 Di1 A5 7 14 D11 AS 6 13 A11 A5 7 14 A11 

A6 7 12 D10 A6 8 13 D10 A6 7 12 A10 A6 8 13 A10 

A7 8 11 D9 A7 9 12 09 A7 8 11 A9 A7 9 12 A9 

VSS 10 D8 vss 10 11 DB vss 9 10 AB vss 10 11 AB 

HT12F 
HT120 HT12D HT12F 

-18 DIP - 20 SOP 18 DIP - 20 SOP 

July 12, 1999 
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pin Description ­ Internal 
.. 

pin Name I/0 
Connection - - Description NMOS 

AO-All I TRANSMISSION Input pins for adh 
GATE They cane &&,,"j"A0-A11 sctunag - · D8-Dll 0. CMOS OUT 

<_ a y set to VDD or VSS. 
Output data · - - DIN I CMOS IN 

pins 

Serial data ipt - - 
VT 0 CMOS OUT --- DI 
- I 

Val~d transmission, active high 
OSCl OSCILLATOR - _OSCILLATOR 

Oscillator input pin 
osC2 0 

- 

j ... Oscillator output pin 
vss I N. . . .. 

·• egative power supply (GND) 
» 1 VDD .· .. 

.Positive power supply 

2° s oeries of Decoders 

Approximate internal connection circuits 

NMOS 
TRANSMISSION CMOS OUT CMOS IN 

GATE 
OSCILLATOR 

_L -----{)o-o o-{»------ ----JTL...o P7° OSC1 OSC2 

Absolute Maximum Ratings 
Supply Voltage -0.3V to 13V 
Input Voltage V55-0.3 to V00+0.3V 

Storage Temperature -50°C to 125°C 
Operating Temp.erattll'e -20°C to 75C 

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi­ 
mum Ratings" may cause substantial damage to the device. Functional operation of this de­ 
vice at other conditions beyond those listed in the specification is not implied and prolonged 
exposure to extreme conditions may affect device reliability. 

July 12, 1999 
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tr·1cal Characteristics Elec 
2°s. · eries of Decoders 

Ta-25°C Symbol Parameter Test Conditions 
Vb Conditions 

le, Min. Typ. Max. Unit [ Operating Voltage VpD - 2.4 . 5 12 V 
~ 

5V - Standby Current 
Oscillator stops - 0.1 1 u IsTB 

12V 
i...-- 2 4 ~ Operating Current 5V No load loo 

fosc=150H» - 200 400 ~ [ 

Data Output Source 
5V Vo=4.5V Current (D8~Dll) 

-1 -1.6 - mA lo Data Output Sink 
Current (D8-D11) 5V VoL,=0.5V 1 1.6 - mA ··. oo» 
VT Output Source Current Vo=4.5V 5V -1 .. -1.6 - mA Ivr VT Output Sink Cun-ent VoL,=0.5V 1 1.6 mA - e--- 
"H" Input Voltage 5V 3.5 5 V 

Vi - - e 

"L" Input Voltage 5V - 0 - 1 V ViL 

fosc Oscillator Frequency 5V Rosc=51kn - 150 - kHz - 

July 12, 1999 
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functional Description 

operation . . . 
12 .: sfd d id 

Tl e 2 series o eco ers proVI es vario 
1 . d us com- 

b.nations of ad resses and data pins in c1·rc- 1 t . . 12 luer­ ant packages so as to pair with the 2' "series of 
encoders. 
The decoders receive data that are transmitted 
by an encoder and interpret the first N bits of 
code period as addresses and the last 12-N it 
as data, where N is the address code nun>­ 
signal on the DIN pm activates the oscillator 
which in turn decodes the incoming addres 
and data. The decoders will then check the re­ 
ceived address three times continuously. If the 
received address codes all match the contents of 
the decoder's local address, the 12-N bits of 
data are decoded to activate the output pins 
and the VT pin is set high to indicate a valid 
transmission. This will last unless the address 
code is incorrect or no signal is received. 
The output of the VT pin is high only when the 
transmission is valid. Otherwise it is always 
low. 

Output type 

Of the 212 series of decoders, the HT12F has no 
data output pin but its VT pin can be used as a 
momentary data output. The HT12D, on the 
other hand, provides 4 latch type data pins 
whose data remain unchanged until new data 
are received. 

Part Data Address Output Operating 
No. Pins Pins Type Voltage 

HT12D 4 8 Latch 2.4V-12V 

HT12F 0 12 - 2.4V--12V 

2°s. · eries of Decoders 

Flowchart 

The oscillator is disable . 
and activated l d in the standby state t th when a logic"hir .: 0 1eDIN pin.That:> g! signal applies 
kept low if',,,{9®s to say, the DIN should be 

ere is no signal input. 

~----~ 
• Standby mode 

Store data 

Laich data 
to output & 
activate VT 

Disable VT & 
ignore the rest or 

this word 

No 

No 

July 12, 1999 
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pecoder timing 
Encoder 7Jr------- 

Transmission L_ _ Enable -HR-twra _f 7 
ma 1 [ ' 

· I◄- 4 words -,..I 1..._ L_ 
[ Transmitted 

[<t-] 2"ctoe, Gontiriioily l<- 4words= } 
Decoder VT n r-------..!~.:::::J 214 clocks 

_l_+-_c-he_c_k_-.J_ -~------J L .. 
[<<- check - ] 

atcped yr ] 
Data Out /j\ x--------- 
a 

2° s, · eries of Decoders 

Encoder/Decoder cross reference table 
= 

Decoders Data Pins Address Pins 
Package 

Part No. VT Pair Encoder Encoder Decoder 
DIP SOP DIP SOP 

HT12D 4 8 V 
HT12A 18 20 
HT12E 18 20 

18 20 

HT12F 0 12 ✓ HT12A 18 20 
' 18 20 HT12E 18 20 

Address/Data sequence 
The following table provides address/data sequence for various models of the 212 series of decoders. A 
correct device should be chosen according to the requirements of the individual addresses and data. 

Address/Data Bits 
Part No. 

5 6 7 8 9 10 11 0 1 2 3 4 

HT12D AO Al A2 A3 A4 A5 A6 A7 DB D9 DlO Dll 

HT12F AO Al A2 A3 A4 A5 A6 A7 AB A9 AlO All 

July 12, 1999 
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oscillator frequency vs supply voltage 
2? 

Series of Decoders 

fosc 
(Scale) 

4.00 1- - · 

3.50 

3.00 1- 

2.50 +- 

2.00 - 

1.50 -- 

(100kHz)1.00 1- 

0.50 

I 
I I 

~--- -~---:--- .. :_ 

I 
I 

+ ' =---=.' 1 I 
I I 

I 
I 
I 

1 I I I I 

®-----p---J 

I I I 
I I ..,. , _ 

I I 
I 
I 

I 
•• I 

0.25 

" 
I 
I 

----------4--------{ 
I I 
I 

.. - -. - Rose (fl) 

: 27k 

30k 

.'5fk 
}===,56k 
,/62k 
''68k 'J'75k 

, - - _, - - - -' - - .. -: 82k 

', ;100k 
I I I 

: : : 120k 
I I 

2 3 4 5 6 7 8 9 10 11 12 13 VDD (V DC) 

The recommended oscillato_r frequency is fosco (decoder)= 50 foscE (HT12E encoder) 
1 = - foscE (HT12A encoder). 
3 
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%,a 
Plication Circuits AP 

2° s, · eries of Decoders 

~Lr----,----t---­ Receiver Circuit 

AO 

osc+}!9 .. 
15 Rose OSC2 . 

DN'T a ! 

.D10 12 
. ·-·· 

D9 11 

..,__ __ · 9--tVSS ·_._.. 

HT12D 

VD ~ 1-.. Receiver Circuit 

v 19 
VT 17 

osc+4'? A. • 
osc>[1s Rosc 

DIN i-:1..:..4 ~--' 

VDD 

HT12F 

Notes: Typical infrared receiver: PIC-12043T/PIC-12043S (KODESHI CORP.) 
or LTM9052 (LITEON CORP.) 

Typical RF receiver: JR-200 (JUWA CORP.) 
RE-99 (MING MICROSY$TEM, U.S.A.) 

July 12, 1999 
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2°s. eries of D ecoders 

Holtek Semiconductor Inc (Head t ) No 3 C: ti Rd I · quar ers · rea rnn • I, Science-based I d ·tr I p Tel: 886-3-563-1999 us na ark, Hsinchu, Taiwan, R.O.C. 

Fax: 886-3-563-1189 

Holtek Semiconductor Inc. {Taipei Office) 
5."."5223" "es = a. ma.mawoo, soc 
Fax: 886-2-2782-9636 
Fax: 886-2-2782-7128 (International sales hotline) 

RM
Holtek Microelectronics Enterprises Ltd . 

.711, Tower 2 Che Sh W Pl 8 C 'Tel: 852-2-745s5," ""Sa 'Van Plaza, 833 Cheung Sha Wan Rd., Kowloon, Hong Kong 

Fax: 852-2-742-8657 

Copyright© 1999 by HOLTEK SEMICONDUCTOR INC. 
The information appearing in this Data Sheet is believed to be accurate at the time of publication. However, Holtek 
ss~mes no responsibility arising from the use of the specifications described. The applications mentioned herein are 
! 0lely for the purpose of illustration and Holtek' makes no warranty or representation that such applications 

be suitable without further modification nor recommends the use of its products for application that may pres­ 
ent a risk to human life due to malfunction or otherwise. Holtek reserves the right to alter its products without prior 

_notification. For the most up-to-date information, please visit our web site at http://www.holtek.com.tw. 
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semiconductors n ,# Product specification 

pN switching transistors 
2N2219; 2N2219A 

uruRES 
tJI h current (max. 800 mA) , n9 · 
,\oW voltage (max. 40 V). 

g9PLICATION S 

, High-speed switching 
, DC and VHF/UHF amplification, for 2N2219 only. 

DESCRIPTION 
pPN switching transistor in a TO-39 metal package. 
pNP complement: 2N2905 and 2N2905A. 

rt + ® [l=== • 3 MAM317 
1 

Fig.1 Simplified outline (TO-39) and symbol. 

QUICK REFERENCE DATA 

PINNING 

. PIN . DESCRIPTION 
1 emitter 
2 base 
3 collector, _connected_ to case 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

Vcso collector-base voltage open emitter 
2N2219 - 60 V 

2N2219A - 75 V 

· Vceo collector-emitter voltage open base 

2N2219 
- 30 V 

2N2219A 
- 40 V 

[e collector current (DC) 
- 800 mA 

mW 
Pu total power dissipation Tans < 25 ·C - 800 
L " 75 
he le = 1 0 mA; V cE = 1 0 V 

- 
DC current gain ~ le= 20 mA; Vee= 20 V; f= 100 MHz 

t; transition frequency 250 MHz - 
2N2219 300 - MHz 

O 2N2219A Icon= 150 mA; Ison= 15 mA; laoff = -15 mA 250 ns - e turn-off time 

8s7 se, o3 
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·.: ,:• 

!conductors 9° 
~witching transistors 
PNsS 

~ 

Product specification 

2N22.19; 2N2219A 

YMSOL . 
SY :(between 10% and 90% levels) for type 2N2219A; see Fig.2 ing times 
swltC -on time Icon = 150 mA; Ison = 15 mA; . 

tum . 160ff = -15 mA delay time 

PARAMETER 

rise time 
tum-off time 
storage time 

· fall time 

MIN. MAX. UNIT 

35 ns 
15 ns 
20 ns 
250 ns 
200 ns 
60 ns 

Note . t· t <300 s; 6 < 0.02. N7[ 

Vss Vee 

Rg 
(probe) 

osclllo~ ~ . R2 

,..;_-,__.,__.., 
Vy 

CONDITIONS 

Re 

OUT 

(prob9). ,cjfscope 
I 4500 - 

MLBB26 

0 -+ - trS 3 ns. 
V = 9.5 V; T = 500 s; t, = 1 µs, "' ~ = 160 n. 
R1= 68 nQ; R2 = 325 n; R» = 325 2; Rc 
Yee=-3.5 V; Vee= 29.5 V. 

d cez = 50 52. Oscilloscope: Input lmpe an 1 • we" . 't for SWI C . Fig.2 Test circu1 .. 

'sn s,, 03 
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Product specification 
itching transistors 

2N2219; 2N2219A 

cJCAGE oUTLINE 

I
.can cylindrical single-ended package· 3 1 , eads 

· SOT5/11 

0 

I__:_ seating plane 
1-e-lw@jA(@B@ 

7 
n 
l 
''-- L. »- ­ 

0 
L I 

5 

' 
10mm 

Lo 
scale 

lEysons ( ahoom@aldmenskof[ 7 
UNlJ A a b D D; k L w CL 

i. am Jg]a, "RslON t- REFERENCE PROJECTION 

-+-=~,E~C==r==J~E~D~EC~~+--_!E~IA~J~-f-----,~e3;.~~~~-~r~;.;~-, ~ 97-04-11 

T0-39 
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