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ABSTRACT

The GSM-Based Home Intrusion Detection Device is a security device that
sends a text message to the owner’s mobile number in case of home intrusion.
This is to warn and notify the owner of an impending attack. It is used when the
owner is outside the house, or even when asleep. The device uses a GSM
modem which requires a SIM card to send SMS messages. The device is
activated once the door or window is opened and it automatically sends a text
message to the security administrator. The device improves the effectiveness to
which possible incidents of intrusion and robbery are reported to security
administrators when he is away from home through long distance
communication using GSM technology. It bridges the gap between the security
device and its administrator when the latter is away.

Keywords: intrusion, long distance communication, GSM, SMS



Chapter 1

DESIGN BACKGROUND AND INTRODUCTION

Background

The GSM-Based Home Intrusion Detection Device is a security device that
sends a text message to the owner’s mobile humber in case of home intrusion.
This is to warn and notify the owner of an impending attack. It is useful when
the owner is outside the house, or even when asleep. It is pre-programmed to
store the owner’s mobile number in which the device would send a text message
notifying the receiver of an intrusion. The device uses a GSM modem which
requires a SIM card to send text messages. The device is to be placed adjacent
to possible entries of intrusion, such as doors and windows. The device is
activated once the door or window is opened and it automatically sends a text

message which is also pre-programmed.

Statement of the Problem

In today’s world where crime is increasing, home intrusion becomes a
major issue. However, technology has provided us ways to prevent and protect
our property from intruders and thieves. These “security devices” alert and notify
its security administrators of a possible intrusion and robbery. However, the
security administrator is informed of a possible incident by these devices only

when he is at home where he can be easily notified. The author of this design



believes that an intrusion is more probable when the owner is not around. When
the security administrator is not at home, possible incidents of intrusion are not

reported.

Objectives of the Design

The main objective of this design was to integrate long distance
communication with home security in reporting possible incidents of intrusion
and robbery to the security administrator when he is away from home through

the use of GSM technology.

Specifically, this included:

1. Creating a device that triggers when doors and windows are forcibly
opened;

2. Using GSM technology in sending notifications to the security
administrator’'s mobile number notifying him of a possible intruder to
home;

3. Measuring the time it takes before the intrusion notification is received by
the security administrator relative to the normal sending of SMS messages

using a mobile phone.



Impact of the Design

Security systems become useless and ineffective when it is activated but
no necessary countermeasures are made. This happens when the system detects
an intrusion but nobody knows about it. A possible reason to this is that the
security administrator may be outside (work, school, etc.) or is considerably
remote from the security system. This design fills in the gap between the
security system and its administrator; the gap being the distance between the
two when the latter is away from home. It is important that the security
administrator is always notified when the security of the house or property is
compromised.

This intrusion detection system impacts the safety in the house regardless
of the security administrator’s location. It guarantees the safety of the house

even when the administrator is away.

Design Constraints

The GSM-Based Home Intrusion Detection Device can be manufactured
with relative ease at minimum cost and maximum reliability. However, it has its
own limitations. Its reliability is highly dependent on GSM technology. It may fail
to send the owner a text message if its SIM card does not have sufficient balance
to send a text message (in case of pre-paid SIM cards). It may also fail if the
network used by the device is down or experiencing delay. Since this is a security

device, it must always be connected to a power source. The device cannot detect



intrusion once the method of intrusion used does not involve opening of the door
or window, but other methods such as breaking into (in case of glass doors or

windows).

Definition of Terms

Intrusion — is an illegal act of entering, seizing, or taking possession of
another's property.

Intrusion Detection System - is a device or software application that
monitors network and/or system activities for malicious activities or policy
violations and produces reports to a Management Station.

Alert or Alarm - is a signal suggesting that a system has been or is
being compromised.

Attacker or Intruder — is an individual who tries to find a way to gain
unauthorized access to information, inflict harm or engage in other malicious
activities.

GSM - is a standard set developed by the European Telecommunications
Standards Institute (ETSI) to describe technologies for second generation (or
"2G") digital cellular networks. Developed as a replacement for first
generation analog cellular networks, the GSM standard originally described a

digital, circuit switched network optimized for full duplex voice telephony.

GSM Modem - is a wireless modem that uses GSM mobile telephone

system.



SIM - or Subscriber Identification Module is an integrated circuit that
securely stores the service-subscriber key (IMSI) used to identify a subscriber
on mobile telephony devices (such as mobile phones and computers). It is
protected by a four-digit Personal Identification Number (PIN).

SMS - or Short Message Service is the text communication service
component of phone, web, or mobile communication systems, using
standardized communications protocols that allow the exchange of short text
messages between fixed line or mobile phone devices.

Microswitch — or miniature snap-action switch is an electric switch that
is actuated by very little physical force, through the use of a tipping-point

mechanism, sometimes called an "over-center" mechanism.



Chapter 2
REVIEW OF RELATED DESIGN LITERATURES AND STUDIES

The purpose of this design was to create a home security device that can
communicate with its security administrator regardless of the latter’s location.
This chapter presents the review of research related to the conceptual model of
this design. These literatures served as reference to the development of this

design.

Stefan Axelsson of Ericsson Mobile Data Design AB wrote in “ACM
Transactions on Information and System Security” that there are many demands
that can be made of an intrusion detection system. His work may be related to
computer and network security and not home security; nevertheless, security is
always a general concept. In network security, network administrators protect
important and private information inside their network. For example, companies
do not usually allow its employees to send and receive e-mail attachments out of
the company’s local network. This is to prevent leakage of sensitive information.
The companies also have firewalls to protect their network from hackers.
Similarly, home security protects the house from burglars and other criminals. In
short, his assertions about intrusion detection systems used in information and

system security may also be applied in home intrusion detection systems.



Axelsson presented the demands of an intrusion detection system such
as: effectiveness, efficiency, ease of use, security, interoperability, transparency,

and so on.

The author of this design focused on the effectiveness parameter on an
intrusion detection system. He tried to answer questions such as: How effective
is a security system when its administrator is away from it? Would it still be as
effective? Considering the common security systems today (alarms, surveillance
cameras, etc.), they require constant monitoring, if not, close supervision from

its administrators.

In 2008, the Social Weather Stations conducted a survey on common
crime victimization. It was found out that 7.8% of families lost property to
pickpockets, burglars or carnappers, and 1.6% suffered physical violence. The

survey found 3.6% of families were victimized by burglary.

Comparing these data with the previous SWS survey of 2007, families
victimized by pickpockets and carnapping declined from 8.6% and 1.9%,
respectively, but families victimized by burglary and physical violence rose from
3.0% and 1.3%. As in most SWS surveys, Metro Manila was found to have the

highest rates of victimization by property crimes.

Families who suffered break-ins rose in most areas. It went up from 5.0%
to 7.0% in Metro Manila, from 1.7% to 3.7% in the Visayas, and from 2.3% to

4.0% in Mindanao. It went from 3.3% to 2.3% in Luzon.



Based from these data, it is evident that intrusion and burglary is rampant

and there is an increasing demand for security systems for home usage.

To protect the household from these possible incidents of intrusion,
several studies were made to develop home security systems for the occupants’

convenience and safety especially during the day.

Yanbo Zhao and Zhaohui Ye of the Dept. of Automation of Tsinghua
University in Beijing developed a low cost GSM/GPRS based wireless home
security system. The system is a wireless home network which contains a
GSM/GPRS gateway and three kinds of wireless security sensor nodes that are
door security nodes, infrared security nodes and fire alarm nodes. The nodes are
easy installing. The system can response rapidly to alarm incidents and has a
friendly user interface including a LCD (liquid crystal display) and a capacitive
sensor keyboard. The wireless communication protocol between the gateway and

the nodes is also suitable for other home appliances.

This study used wireless technology to interconnect the components of
the system. It is low cost and easy to use. However, this study does not answer
the problem stated in Chapter 1. The system becomes ineffective when there is
no one to alarm or notify about an incident. The author decided not to integrate
wireless technology in connecting the design components, but in communicating

with the security administrator himself.



Dechuan Chen and Meifang Wang from Hangzhou Dianzi University in
China introduced an experimental home security monitoring and alarming system
based on Zigbee technology, which is capable of monitoring door and window
magnetic contact, smoke, gas leak, water flooding, providing simple controls
such as turning off the valves, and sending the alarms to the residential area
security network etc. The system used a control key fob for activating and de-
activating the alarm easily, supports Web interface so that user can access the
system remotely to control, search or review the history record, and offers a LCD
panel for simple configuration. The experimental system had been designed and
its wireless communication test result showed that the Zigbee wireless network

can improve the home security with low power and easy to implement solution.

Similar to the aforementioned study, students from the College of
Information Science & Engineering, North-eastern University in Shenyang
researched an intelligent home security surveillance system based on ZigBee. In
their study, they implemented real-time surveillance of the home security; the
intelligent remote monitoring system was developed for home security based on
ZigBee technology and GSM / GPRS network. The system can send abnormal
images and warning messages through MMS and SMS; receive remote
instruction, and remote monitor household appliances. Meanwhile, the
introduction of a variety of sensors guaranteed that the intelligent remote

monitoring system can be responsible for home security. The results of their



experiment showed that the system can attain remote surveillance of intelligent

home safety with high availability and reliability.

Their studies primarily focused on home security monitoring, real-time
surveillance and monitoring of household appliances. However, these systems
could be very expensive since they are highly intelligent. The former uses Web
interface to allow the user to control the system remotely. This may be
complicated for typical household occupants and may require several computing
resources. The latter can actually process images taken from its surveillance
cameras and decide whether these images are normal or not. It may also
consume a lot of power for it uses several cameras and a variety of sensors.
Also, this system has to utilize several computing resources, and a considerable

amount of storage for its images.

Considering Axelsson’s demands of an intrusion detection system,
this may seem to be impractical for a home security system. Ishiguro, K. and
Runhe Huang of Hosei University in Japan describes in the “Implementation of a
Wireless Communication Technologies-based Home Security System” a light
weighted home security system that exploits the common use of wireless
communication technology like mobile phone, Bluetooth communication, wireless
sensors, etc. The paper discussed that the system scale must be small and the
cost must be low, which is more suitable for the smaller scope of a home and a

general civilian family.



Thus, the latter’s use of GSM technology and the former’s capability of
monitoring door and window contact were used as bases for the development of
the author’s conceptual model of a simpler, low-cost home intrusion detection

system which is capable of reporting incidents to its security administrator using

SMS messaging.



Chapter 3

DESIGN PROCEDURES

The GSM-Based Home Intrusion Detection Device is made up of a control
circuit, an LCD monitor, a numeric keypad, and a GSM module. Its
microcontroller stores the owner’s mobile nhumber which the user inputs using
the numeric keypad. The device would send a text message to this number
notifying the receiver of an intrusion. The device uses a GSM modem which
requires a SIM card to send text messages. The device is placed adjacent to
possible entries of intrusion, such as doors and windows. A microswitch is used
to detect intrusion once the door or window is opened and it immediately sends

a text message. Here are the step-by-step procedures in constructing the design:

1. Gather all necessary data and information needed for the design of the
system. This includes information about the problem to be solved, the
solution to the problem, the concept of the design, the software needed,
the components to be used, etc.

2. Purchase all the materials needed for the assembly of the design.

3. Create the circuit design and PCB design.

4. Code the software. The source code is found at Appendix C. Compile.

5. Burn the PIC16F877A with the generated hex file.



6. Connect all the necessary components to the microcontroller such as
resistors, capacitors, microswitches, keypad, LCD monitor, crystal
oscillator, and the GSM module.

7. Test all parts of the design. Conduct troubleshooting to verify the output
of the design.

8. Construct the final casing of the design.

Hardware Development

This section covers the hardware development of the design. It shows in
detail the materials and components used in constructing the device, how the
components are connected to one another, what each component does, and the

decomposition of all components.

Figure 3.1 Conceptual Diagram

The figure above shows the Conceptual Diagram of the design. It shows

the theoretical set-up of the design. The diagram has two images. The first



image on the diagram shows a representation of an intrusion — two intruders
(i.e. burglars) entering through a door. The image then points to the other image
which is a representation of a mobile phone receiving a text message. This
image is actually the output or the result of the first image as represented by the
arrow pointing to the right.

Based on this diagram, one can infer that the device is triggered once the
door (or window) where the device is placed adjacent to is intruded. It
immediately sends a notification to the security administrator through an SMS
message sent to his mobile number.

To trigger the device once there is an intrusion, it requires a mechanism
to indicate such event. When actuated by the opening of the door (or window), it
must send a signal to the control circuit indicating an intrusion. The control
circuit must then immediately notify the security administrator of an impending
attack using GSM technology.

The figure below shows the device in blocks. Each block connects to
another depending on which block sends and/or receives a signal. These signals

are represented through the direction of the arrows that connect the blocks.



LCD monitor

Microswitch Microcontroller GSM Modem

Keypad

Figure 3.2 Block Diagram

The device accepts the security administrator’s 11-digit mobile number
(e.g. 09123456789) through a numeric keypad. He is guided through instructions
which are displayed using the LCD monitor. The mechanism used to trigger the
device is a microswitch. It serves as the main input of the design where its state
is dependent on the door (or window) where the device is adjacent to. When the
door (or window) is opened, this switch is triggered and the microcontroller
sends instructions to the GSM modem where it would send an SMS message to
the stored mobile number.

To complete the hardware design of this project, all components must be
connected to one another to form one functional circuit. The Block Diagram
(Figure 3.2) connects the main parts of the design. However, these parts cannot
be connected to one another directly. It also needs voltage regulation, resistors

for limiting current and voltages, oscillator, capacitors, etc.
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Figure 3.3 Schematic Diagram

The figure above shows the complete schematic diagram of the design.



Software Development

The design needs software since it uses a microcontroller as discussed in
the previous section. The device will not work with hardware alone. It must be
embedded with instructions to follow and execute to accomplish what it is
expected to do. The software that the design requires is illustrated in the figure

below.
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Figure 3.4 System Flowchart of the Design Software




Figure 3.4 shows the system flowchart of the design. When the device is
powered on, it turns the GSM module ON. The GSM module has a PWON pin. It
must be connected to the microcontroller. Any input/output bit in the
microcontroller configured as OUTPUT should work except the USART port which
is needed for the GSM module connection. In this design, the author used bit 5
of Port C. To turn the module on, the microcontroller should send a 1- to 2-
second pulse to the PWON pin. This can be done by sending a HIGH signal to
the specified bit, insert a 1- or 2-second delay, and then send a LOW signal to
the same bit. If PWON is successful, the GSM module should turn on. Its status
light indicator should turn on.

Then, the GSM module boots up. This is indicated by the status light
indicator blinking. After booting which can take up to 15 seconds, the status light
indicator should be blinking slower than earlier. This is a sign that the GSM
module is ready to receive commands.

The GSM module has a specific set of commands or instructions that it
can understand. These commands are called AT Commands. These commands
are sent from the TX pin of the microcontroller to the RX pin of the GSM module.

The syntax used for AT Commands must have "AT" or "at" prefix at the
beginning of each command line. To terminate a Command line enter <CR>.

Here are the types of commands and their syntax.



Type Syntax Description

AT+<x>=? The mobile equipment returns the list of

parameters and value ranges set with the

Test Command
corresponding Write Command or by internal

processes.
Read AT+<x>? This command returns the currently set value
Command of the parameter or parameters.
Write AT+<x>=<..> | This command sets the user-definable
Command parameter values.
AT+<x> The execution command reads non-variable
Execution
parameters affected by internal processes in
Command

the GSM engine

Table 3.1 Types of AT Commands

There are several AT Commands. Among these commands, only a few are
to be used for this design. These commands are for sending SMS messages. The

table below summarizes the commands to be used in this design.




Command

Description/Parameters

AT+CFUN=<fun>,

[<rst>]

Sets phone functionality

<fun>

0: minimum functionality

1: full functionality (Default)

4 disable phone both transmit and receive RF circuits
<rst>

0: Set the ME to <fun> power level immediately. This is
the default when <rst> is not given.

1: Set the ME to <fun> power level after the ME been

reset.

AT+CMGF=[<mode

>]

Select SMS Message Format

<mode>
0: PDU mode

1: text mode

AT+CMGS=<da>[,
<toda>]<CR>
text is entered

<ctrl-Z/ESC>
ESC quits without

sending

Send SMS Message

<da>

Address-Value field in string format; BCD numbers (or GSM
default alphabet characters); type of address given by
<toda>

<toda> Type-of-Address octet in integer format (when
first character of <da> is + (IRA 43) default is 145,
otherwise default is 129)

<length> integer type value indicating in the text mode
(+CMGF=1) the length of the message body <data> (or
<cdata>) in characters; or in PDU mode (+CMGF=0), the

length of the actual data unit in octets

Table 3.2 SMS Commands




Before sending an SMS message, the GSM module must first be initialized

to text mode.

AT+CFUN = 1

AT+CMGF = 1

Based on Table 3.2, the first line will set the module to phone
functionality. It has a value of 1 by default so this line may be omitted. But in
order to make sure the module is set to phone functionality, the author included
this line in the code. The next line will set the module to text mode. The GSM
module is now set to send text messages.

Once the GSM module is set to text mode, the device should ask the user
to input his mobile number. Note that this number is the receiver’'s number not
the sender. He is instructed by the LCD monitor to do this. The device should
then receive the user’s 11-digit mobile number by using the keypad. The keypad
should only recognize 11 presses. Once the user is done, the device stores this
11-digit number as string to the AT command AT+CMGS. Every time the device
sends a text message, it uses the number keyed in by the user.

Then, the device asks the user to input a security key. The security key
allows the device to determine whether it is the security administrator who is

entering the house.



After the input, the device now enters a decision. It checks whether the
microswitch is pressed or not. To do this, the microswitch is configured normally
open.

Based on the Schematic Diagram (Figure 3.3), bit 0 of Port B (pin 33) to
which the microswitches are connected is normally HIGH. When a switch is
pressed, it becomes LOW. The test becomes if bit 0 of Port B is HIGH or LOW. If
it is LOW, then the switch is pressed. It loops back to the decision. If it is HIGH,
the switch is depressed.

When bit 0 of Port B goes HIGH, the device asks for the security key
within 5 seconds. The user has a 5-second window to input his security key to
instruct the device that he is not an intruder. When the key is incorrect, or when
the 5-second interval has lapsed, the device instructs the GSM module to alert
the security administrator of a possible intrusion through AT Commands. Using
the mobile number stored earlier, the microcontroller sends the following

commands to the GSM module to send a text message:

AT+CMGS = "[mobile number string]”
[Message]

CIRL +Z

The mobile number is enclosed inside quotation marks. This is easily done

using string manipulation. The message is also a string which says “Your house



is under attack!” Finally, a CTRL + Z must be transmitted to send the message.
There is no specific command to send a CTRL + Z. However, the equivalent hex
value of a CTRL + Z can be used. This is done by sending a char value of Ox1A.
This is the same as CTRL + Z.

Once the message is sent, the LCD monitor displays a notification that the

message is sent.

The following figure shows the program flowchart of the software.
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Figure 3.5.5 Main Program Flowchart of the Design Software (cont’d)
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A\ 4

Set bits 0-3 of Port C to
String [count]

count++

Set bit 1 of Port D
Clear bit 1 of Port D

Is count =

strlen(string)?

Figure 3.10 Print String to LCD Subroutine Flowchart



Prototype Development

The GSM-Based Home Intrusion Detection Device is composed of two
major parts: the control circuit and the GSM module. To interface the device with
the user, an LCD monitor displays messages and a keypad accepts input. The
control circuit consists of the PIC16F877A microcontroller and the microswitches.
The GSM module consists of the SIM900D GSM modem and a SIM card slot.

The following are the main components used in the development of the

prototype:

PIC16F877A Microcontroller

PIC16F877A is a PIC microcontroller with 40 I/O pins which is suitable for
the design because it comes with a USART port that allows communication with
the GSM module, and several ports to connect to the keypad and the LCD

display.

Keypad
The keypad allows the user to enter all required information needed by

the device, such as the mobile number to use, and the security key.



LCD Display
This 16x2 lines alphanumeric module displays information and messages
needed by the user. It gives the instructions and notifications the user needs in

using the device.

GSM Module

The GSM module is capable of performing the main functionality of the
device which is long distance communication to the security administrator in case
of an intrusion. The module is configured to send SMS messages to the mobile

number provided by the user.

The table below shows the breakdown of all the components:

Components | Quantity Unit Price | Total
SIM900D GSM Module 1 3275.00 3275.00
PIC16F877A 1 250.00 250.00
MS1 micro switch 2 15.00 30.00
20 MHz Crystal Oscillator 1 20.00 20.00
LM7805 Voltage Regulator 1 12.00 12.00
a\W Resistors 7 0.25 1.75
100uF/10V Capacitor 1 1.50 1.50
22pF Capacitor 2 0.50 1.00
Connecting wires 1 15.00 15.00
40-pin DIL Socket 1 15.00 15.00
PCB 1 90.00 90.00
16x2 LCD Module 1 350.00 350.00
4x3 Numeric Keypad 1 150.00 150.00
Casing 1 155.00 155.00
4366.25

Table 3.3 Decomposition of Components




Chapter 4

TESTING, PRESENTATION, AND INTERPRETATION OF DATA

This chapter discusses the test conducted in relation to the stated
objectives in Chapter 1 to determine the functionality and reliability of the

created prototype.

SMS Notification Test

The purpose of this test was to determine whether the device would be
triggered once the door or window is opened, and to determine whether, once
triggered, an intrusion notification will be received by the security administrator.
In doing the test, the device is placed adjacent to a door. When the door is
opened, the LCD panel must display “Security Breach! Press KEY”. This is an
indication that the device is triggered. To force the device to send an SMS
message, no security key is entered within 5 seconds. After which, an SMS
message is expected to be received by the security administrator. The next table

shows the result of this test.



Event

Expected Output

Actual Output

Result

Door is closed.

The LCD panel of

The LCD panel of

The device is

the device must |the device is | not triggered.
display “GSM- | displaying  “GSM-
BASED HOME | BASED HOME
INTRUSION INTRUSION
DEVICE” DEVICE”

Door is opened. The LCD panel | The LCD panel | The device is
should display | displays  “Security | triggered.
“Security  Breach! | Breach! Enter KEY".
Enter KEY".
After 5 seconds, the | After 5 seconds, an | The device

device sends an

SMS message.

SMS message “Your
house is under
attack!” is received
by the security

administrator.

sends an SMS
message when

it is triggered.

Table 4.1 SMS Notification Test Results




Success Rate Test

The purpose of this test was to determine the fraction or percentage of

the prototype being able to successfully do its functionality among a number of

intrusion attempts. In conducting the test, the prototype was forced to detect an

intrusion by triggering one of the microswitches. This was done in a number of

attempts. In each attempt, the prototype was expected to send an SMS

notification to the security administrator. The result of each attempt may be a

success or a failure. Success was indicated when the security administrator

receives the SMS notification immediately after the intrusion. Otherwise, it is a

failure. The number of times an SMS message was received by the security

administrator was counted and the success rate was computed.

Number of Attempts Conducted

10

Number of times an SMS message is

received by the Security Administrator

10

Table 4.2 Success Rate Table

Upon obtaining the result of each attempt, the success rate was

computed. Success rate was defined by:

No.of times message is received

X 100%

Success Rate =

No.of Attempts




Using the formula above, the success rate is equal to the total number of
Success divided by the total number of attempts. From Table 4.1, of the 10
attempts observed, 10 were denoted Success. Substituting these values to the

equation:

10
Success Rate = E # 10004

Success Rate = 100%

From the computation above, a 100% success rate was achieved. This
means the prototype performed its functionality successfully in all the intrusion
attempts made. The result of this test signifies that the prototype is working

functionally and reliably.

SMS Message Delivery Time

The purpose of this test was to determine the time it takes before the
intrusion notification is received by the security administrator and compared it to
the usual time it takes for an SMS message to be received while using a mobile
phone. In doing the test, the device was forced to send an SMS notification for a
number of attempts (10) by triggering the device and not entering the security
key within the five-second interval. Once triggered, the device entered a five-

second interval then sent the SMS message. The time from triggering until



receiving of the SMS message was recorded for each attempt. Each time
recorded was subtracted with 5 which is the five-second interval. Within this
interval, the device was yet to send an SMS message. In doing the test, it was

assumed that there were no network problems.

Attempts Time (s)

1st 6.89
2nd 7.23
3rd 6.16
4th 5.10
5th 5.74
6th 5.39
7th 6.13
8th 6.54
Oth 5.39
10th 6.28

Table 4.3 Delivery Time using Device



Attempts Time (s)

1st 6.11
2nd 5.98
3rd 7.32
4th 6.46
5th 6.43
6th 6.58
7th 5.65
8th 5.89
9th 6.57
10th 5.25

Table 4.4 Delivery Time using Mobile Phone

From the data obtained, the average SMS delivery time while using the
device and the SMS delivery time using a mobile phone are computed using the

following formula:

ty+t, +oF e,

T

Delivery Time =

Where:
t = time for each attempt

n = number of attempts



ty+t, +oF e,

T

Delivery Time (Device) =

689+723+616+ 510+ 574+ 539+6.13 +6.54+5.39 +6.28
10

689+723+616+ 510+ 5.74+ 539+6.13 +6.54+ 5.39 + 6.28
10

Delivery Time (Device) = 6.09s

ty+t, + ot t,

T

Delivery Time (Phone) =

_ 611+ 598+ 7.32+ 6.46 + 6.43 + 6.58 + 5.65+ 5.89 + 6.57 + 5.25
B 10

Delivery Time (FPhone) = 6.22 s

From the results of the above computations, the average delivery time for
an SMS message using the device is 6.09 seconds while the average delivery
time for an SMS message using a mobile phone is 6.22 seconds. The percentage

difference is computed using the formula below:

dif ference of the two values
U dif ference = x100%
average of the two values

6.22 — 6.09

Y dif ference = mxlﬂﬂ%

2

U dif ference = 2.11%



From the result above, the percentage difference between the average
delivery times for an SMS message using the device and using a mobile phone is
little or 2.11%. With little percentage difference, the author concluded that the
device is capable of sending SMS messages with the same speed as to sending

SMS messages on a mobile phone.



Chapter 5

CONCLUSION AND RECOMMENDATION

Conclusion

The GSM-Based Home Intrusion Detection Device integrates long distance
communication with home security in reporting possible incidents of intrusion
and robbery when the owner is away from home using GSM technology. It
bridges the gap between the security device and its administrator in this case the
owner, when he is away. This device triggers when possible entries of intrusion
and robbery such as doors and windows are entered forcibly or trespassed. It
uses GSM technology to send an SMS message to the security administrator’s
mobile number notifying him of possible intrusion to his home. The device is
capable of sending SMS messages with the same speed as sending SMS

messages on a mobile phone.

Recommendations

This design can still be improved to enhance its capabilities and
functionalities. The device is limited only to one entry of intrusion since it only
has two triggering microswitches. However, this number can be increased. One
can use more and connect them to a central control system (microcontroller
circuit) and still have the same functionality but increased capability. Also,

sensors can be used instead of microswitches although they are quite expensive.



The author also recommends the use of uninterrupted power supply for the

device in case of power failure.
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APPENDIX A

Operation’s Manual

Installing the GSM-Based Home Intrusion Detection Device:

1.

2.

3.

4,

Unscrew and open the device cover.

Insert a valid SIM card to the GSM modem card slot.

Close the device and screw the cover.

Attach the device adjacent to possible entries of intrusion such as doors
and windows in such a manner that either microswitch is triggered when
these entries are opened. The microswitch must be pressed when the
door or window is closed and depressed when opened. To do this, attach
an angled bar (L-shaped) on the door or window. Screw one side to the

door or window with the other side facing the microswitch.

User’s Manual — Setting up the device

1.

2.

Plug in the device and turn the switch ON.

Wait for a few seconds as indicated by the LCD display. The GSM modem
is initializing.

Input mobile number. This number is the security administrator’s 11-digit
mobile number. (e.g. 09123456789)

Input security key. This key will be used by the security administrator
when entering the house.

The device is set and ready.



User’s Manual — When entering the house

1. Upon entering the house, the device will be triggered and it enters a 5-
second interval for the security administrator to input his security key.
2. Within this duration, enter security key to instruct the device that you are

not an intruder.

Troubleshooting Guides when no SMS notifications are received

1. Check whether the mobile humber stored is correct. To do this, force the
device to send an SMS message. Wait for the screen to display “Message
sent to [mobile number]”. The number shown is the number stored by the
device. If number is incorrect, reset the device and enter the correct
number.

2. Check whether there is a valid SIM card inserted inside the device.

3. For prepaid SIM card users, check whether the SIM card has sufficient
balance to send an SMS message. To do this, remove the SIM card from

the device and check remaining balance using a mobile phone.



APPENDIX B

Pictures of Prototype

Figure 6.1 Prototype




Figure 6.3 Main Components



APPENDIX C

Program Listing

#define MX_PIC

//Defines for microcontroller
#define P16F877A

#define MX_EE

#define MX_EE_TYPE2
#define MX_EE_SIZE 256
#define MX_UART

#define MX_UART_C
#define MX_UART_TX 6
#define MX_UART_RX 7

//Functions

#define MX_CLK_SPEED 20000000
#ifdef _BOOSTC

#include <system.h>

#endif

#ifdef HI_TECH_C

#include <pic.h>

#endif

//Configuration data

#ifdef _BOOSTC

#pragma DATA 0x2007, 0x3f3a
#endif

#ifdef HI_TECH_C
__CONFIG(0x3f3a);

#endif

//Internal functions
#include "C:\Program Files (x86)\Matrix Multimedia\Flowcode
V4\FCD\internals.h"

//Macro function declarations
void FCM_SEND_MESSAGE();
void FCM_INPUT_NUMBER();
void FCM_INPUT_PASSWORD();

//Variable declarations
#define FCSZ_NUM 1



#define FCSZ_STRINGCELLNUMBER 11
#define FCSZ_STRINGMESSAGE 30

char FCV_NUM[FCSZ_NUM];

char FCV_STRINGCELLNUMBER[FCSZ_STRINGCELLNUMBER];
short FCV_I;

char FCV_DIGIT;

char FCV_MICROSWITCH;

char FCV_KEY;

char FCV_STRINGMESSAGE[FCSZ_STRINGMESSAGE];

char FCV_PASSWORD;

//Defines: Macro Substitutions
portc = RTS Port

trisc = RTS Data Direction
portc = CTS Port

trisc = CTS Data Direction

0 = RTS Pin

4 = CTS Pin

1 = UART Selection (0-SW / 1-UART1 / 2-UART2)
0 = Flow Control (0-Off / 1-On)

0 = Debug Enable (0-Off / 1-On)

0 = Echo Enable (0-Off / 1-On)

4 = UART TXSTA Value

129 = UART SPBRG Value

RS232_462324 = Unique ID

Unused = Bitbanged Receive Port Register

Unused = Bitbanged Receive Data Direction Register
Unused = Bitbanged Receive Pin

Unused = Bitbanged Transmit Pin

120 = Bitbanged BAUD Rate Delay

0 = Timout Selection (0-Legacy / 1-MS Timeout)

0 = Data Size (0-8 bits / 1-9 bits / 2-7 bits & Only available
on BitBanged components)

0 = Parity Enable (0-No Parity / 1-Odd Parity / 2-Even Parity)

0 = Legacy Return (0-Legacy mode return 255 / 1-New mode return MSB
err flags)

Unused = Bitbanged Transmit Port Register
Unused = Bitbanged Transmit Data Direction Register

#define RS232_462324_RTS_PORT portc
#define RS232_462324_RTS_TRIS trisc
#define RS232_462324_CTS_PORT portc

#define RS232_462324_CTS_TRIS trisc



#define RS232_462324 RTS_PIN 0

#define RS232_462324 _CTS_PIN 4

#define RS232_462324 UART 1

#define RS232_462324_TOUT 0

#define RS232_462324 DATASIZE 0

#define RS232_462324 PARITY 0

#define RS232_462324 LEGACY_RV 0

#if (0==1)
#define RS232_462324 HARDWARE

#endif

#if (0 ==1)
#define RS232_462324 DEBUG

#endif

#if (0 ==1)
#define RS232_462324 ECHO

#endif

#if (RS232_462324_UART == 0)
#define RS232_462324 RX_PORT Unused
#define RS232_462324 RX_TRIS Unused
#define RS232_462324 SW_RX Unused
#define RS232_462324 SW_TX Unused
#define RS232_462324 SW_BAUD 120
#define RS232_462324 TX_PORT Unused
#define RS232_462324 TX_TRIS Unused

#else
#define RS232_462324 TXSTA_VAL 4
#define RS232_462324 SPBRG_VAL 129
#define RS232_462324 SW_BAUD 0
#endif

#if (RS232_462324_LEGACY_RV == 0)
#if (RS232_462324_DATASIZE == 1)
#ifdef _BOOSTC
#pragma error "Chip does not have second UART capability"
#endif
#ifdef HI_TECH_C
#error "Chip does not have second UART capability"
#endif
#endif
#endif



#define RS232_462324_STATUS_LOOP 0
#define RS232_462324_STATUS_TIMEOUT 1
#define RS232_462324_STATUS_RXBYTE 2

//RS232(0): //Macro function declarations
void FCD_RS2320_SendRS232Char(short nChar);
void FCD_RS2320_SendRS232String(char* String, char MSZ_String);

//Defines: Macro Substitutions
portc = D1 Port

trisc = D1 Data Direction
portc = D2 Port

trisc = D2 Data Direction
portc = D3 Port

trisc = D3 Data Direction
portc = D4 Port

trisc = D4 Data Direction
portd = RS Port

trisd = RS Data Direction
portd = E Port

trisd = E Data Direction
3 = Data 1_Pin

2 = Data 2 Pin

1 = Data 3 Pin

0 = Data 4 Pin

0 = RS Pin

1 = Enable Pin
LCD_135058 = Unique Component Reference Number
2 = Row Count

16 = Column Count

//component connections

#define LCD_135058_PORTO portc
#define LCD_135058 TRISO trisc
#define LCD_135058_PORT1 portc
#define LCD_135058 TRIS1 trisc
#define LCD_135058_PORT2 portc
#define LCD_135058 TRIS2 trisc
#define LCD_135058_PORT3  portc
#define LCD_135058 TRIS3 trisc
#define LCD_135058_PORT4 portd
#define LCD_135058_TRIS4 trisd
#define LCD_135058_PORT5 portd
#define LCD_135058_TRIS5 trisd



#define LCD_135058_BITO 3
#define LCD_135058_BIT1 2
#define LCD_135058_BIT2 1
#define LCD_135058_BIT3 0
#define LCD_135058_RS 0
#define LCD_135058_E 1
#define LCD_135058_ROWCNT 2
#define LCD_135058_COLCNT 1

#ifdef _BOOSTC

#define LCD_135058_DELAY delay_10us(10)
#endif
#ifdef _C2C_

#define LCD_135058_DELAY delay_us(100)
#endif
#ifdef HI_TECH_C

#define LCD_135058_DELAY _ delay_us(120)
#endif
#ifndef LCD_135058_DELAY

#define LCD_135058_DELAY delay_us(100)
#endif

//LCDDisplay(0): //Macro function declarations

void FCD_LCDDisplay0_Start();

void FCD_LCDDisplay0_Clear();

void FCD_LCDDisplayO_PrintASCII(char Character);

void FCD_LCDDisplay0_Cursor(char x, char y);

void FCD_LCDDisplay0_PrintString(char* String, char MSZ_String);

//Defines: Macro Substitutions
{1,'4','7','*','2''5','8",'0",'3",'6','9",'#'} = Key List (Numbers)
{1,4,7,0,2,5,8,0,3,6,9,0} = Key List (Characters)
trisa = Row Data Direction Register

porta = Row Port Register

3 = Number Of Columns

4 = Number Of Rows

trise = Column Data Direction Register

porte = Column Port Register

1 = Column 1 mask

2 = Column 2 mask

4 = Column 3 mask

4 = Column 4 mask

4 = Row 1 mask

8 = Row 2 mask



16 = Row 3 mask
32 = Row 4 mask

//KeyPad(0): //Macro function declarations
char FCD_KeyPad0_GetKeypadNumber();
char FCD_KeyPad0_GetKeypadAscii();

//RS232(0): //Macro implementations
void FCD_RS2320_SendRS232Char(short nChar)
{
#if (RS232_462324_UART == 0)
char dMask;
char idx;
char count = 8;
#ifdef RS232_462324 HARDWARE
//wait until CTS is low
while (( RS232_462324_CTS_PORT & (1 <<
RS232_462324 CTS_PIN) ) I= 0);

#endif

#if(RS232_462324_DATASIZE == 1)
count = 9;

#endif

#if(RS232_462324_DATASIZE == 2)
count = 7;

#endif

clear_bit( RS232_462324_TX_PORT, RS232_462324_SW_TX);
// Send Start bit
FCD_RS2320_RS232_Delay(0);
for (idx = 0; idx < count; idx++)
{
dMask = nChar & 0x01; // Mask off data bit
if (dMask)
set_bit( RS232_462324_TX_PORT,
RS232_462324_SW_TX);
else
clear_bit( RS232_462324_TX_PORT,
RS232_462324_SW_TX);
FCD_RS2320_RS232_Delay(0);
nChar = nChar >> 1; // Move to next data bit
¥
set_bit( RS232_462324_TX_PORT, RS232_462324_SW_TX);
// Send Stop bit
FCD_RS2320_RS232_Delay(0);
#endif



#if (RS232_462324_UART == 1)
#ifndef MX_UART
#ifdef _BOOSTC
#pragma error "Chip does not have second UART
capability"
#endif

#ifdef HI_TECH_C
#error "Chip does not have second UART capability"
#endif
#endif

st_bit(txsta, TXEN);
while (ts_bit(pirl, TXIF) == 0);

#ifdef RS232_462324 HARDWARE
//wait until CTS is low
while (( RS232_462324_CTS_PORT & (1 <<
RS232_462324 CTS_PIN) ) I= 0);
#endif

#if(RS232_462324 DATASIZE == 1)
if (test_bit(nChar, 8))
st_bit(txsta, TX9D);
else
cr_bit(txsta, TX9D);
#endif

txreg = nChar;
#endif

#if (RS232_462324_UART == 2)
#ifndef MX_UART?2
#ifdef _BOOSTC
#pragma error "Chip does not have second UART
capability"
#endif
#ifdef HI_TECH_C
#error "Chip does not have second UART capability
#endif
#endif

st_bit(txsta2, TXEN);
while (ts_bit(pir3, TX2IF) == 0);



#ifdef RS232_462324_HARDWARE
//wait until CTS is low
while (( RS232_462324_CTS_PORT & (1 <<
RS232_462324_CTS_PIN) ) !'= 0);
#endif
#if( RS232_462324_DATASIZE == 1)
if (test_bit(nChar, 8))
st_bit(txsta2, TX9D);
else
cr_bit(txsta2, TX9D);
#endif
txreg2 = nChar;
#endif
b

void FCD_RS2320_SendRS232String(char* String, char MSZ_String)
{
char idx;
for(idx = 0; idx < MSZ_String; idx++)
{
#ifdef _BOOSTC
if (String[idx] == 0)
break;
else FCD_RS2320_SendRS232Char(String[idx]);
#endif
#ifdef HI_TECH_
if (*String == 0)
break;
else FCD_RS2320_SendRS232Char(*String);
String++;
#endif
¥
b
//LCDDisplay(0): //Macro implementations

void FCD_LCDDisplay0_RawSend(char in, char mask)
{

unsigned char pt;

clear_bit(LCD_135058_PORTO, LCD_135058_BITO);
clear_bit(LCD_135058_PORT1, LCD_135058_BIT1);
clear_bit(LCD_135058_PORT2, LCD_135058_BIT2);
clear_bit(LCD_135058_PORT3, LCD_135058_BIT3);



}

clear_bit(LCD_135058_PORT4, LCD_135058_RS);
clear_bit(LCD_135058_PORT5, LCD_135058_E);
pt = ((in >> 4) & 0x0f);
if (pt & 0x01)

set_bit(LCD_135058_PORTO, LCD_135058_BITO0);
if (pt & 0x02)

set_bit(LCD_135058_PORT1, LCD_135058_BIT1);
if (pt & 0x04)

set_bit(LCD_135058_PORT2, LCD_135058_BIT2);
if (pt & 0x08)

set_bit(LCD_135058_PORT3, LCD_135058_BIT3);
if (mask)

set_bit(LCD_135058_PORT4, LCD_135058_RS);
LCD_135058_DELAY;
set_bit (LCD_135058_PORT5, LCD_135058_E);
LCD_135058_DELAY;
clear_bit (LCD_135058_PORT5, LCD_135058_E);
pt = (in & 0x0f);
LCD_135058_DELAY;
clear_bit(LCD_135058_PORTO, LCD_135058_BITO0);
clear_bit(LCD_135058_PORT1, LCD_135058_BIT1);
clear_bit(LCD_135058_PORT2, LCD_135058_BIT2);
clear_bit(LCD_135058_PORT3, LCD_135058_BIT3);
clear_bit(LCD_135058_PORT4, LCD_135058_RS);
clear_bit(LCD_135058_PORT5, LCD_135058_E);
if (pt & 0x01)

set_bit(LCD_135058_PORTO, LCD_135058_BITO0);
if (pt & 0x02)

set_bit(LCD_135058_PORT1, LCD_135058_BIT1);
if (pt & 0x04)

set_bit(LCD_135058_PORT2, LCD_135058_BIT2);
if (pt & 0x08)

set_bit(LCD_135058_PORT3, LCD_135058_BIT3);
if (mask)

set_bit(LCD_135058_PORT4, LCD_135058_RS);
LCD_135058_DELAY;
set_bit (LCD_135058_PORT5, LCD_135058_E);
LCD_135058_DELAY;
clear_bit (LCD_135058_PORTS5, LCD_135058_E);
LCD_135058_DELAY;

void FCD_LCDDisplay0_Start()

{



clear_bit(LCD_135058_TRISO, LCD_135058_BITO0);
clear_bit(LCD_135058_TRIS1, LCD_135058_BIT1);
clear_bit(LCD_135058_TRIS2, LCD_135058_BIT2);
clear_bit(LCD_135058_TRIS3, LCD_135058_BIT3);
clear_bit(LCD_135058_TRIS4, LCD_135058_RS);
clear_bit(LCD_135058_TRIS5, LCD_135058_E);

Wdt_Delay_Ms(12);

FCD_LCDDisplay0_RawSend(0x33, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x33, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x32, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x2c, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x06, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x0c, 0);
Wdt_Delay_Ms(2);

//clear the display
FCD_LCDDisplay0_RawSend(0x01, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x02, 0);
Wdt_Delay_Ms(2);

by

void FCD_LCDDisplay0_Clear()

{
FCD_LCDDisplay0_RawSend(0x01, 0);
Wdt_Delay_Ms(2);
FCD_LCDDisplay0_RawSend(0x02, 0);
Wdt_Delay_Ms(2);

by

void FCD_LCDDisplay0_PrintASCII(char Character)
{

}

FCD_LCDDisplay0_RawSend(Character, 0x10);

void FCD_LCDDisplay0_Cursor(char x, char y)



#if (LCD_135058_ROWCNT == 1)
y=0x80;
#endif

#if (LCD_135058_ROWCNT == 2)
if (y==0)
y=0x80;
else
y=0xc0;
#endif

#if (LCD_135058_ROWCNT == 4)
if (y==0)
y=0x80;
else if (y==1)
y=0xc0;

#if (LCD_135058_COLCNT == 16)
else if (y==2)
y=0x90;
else
y=0xdO;
#endif

#if (LCD_135058_COLCNT == 20)
else if (y==2)
y=0x94;
else
y=0xd4;
#endif
#endif

FCD_LCDDisplay0_RawSend(y+x, 0);
Wdt_Delay_Ms(2);
by

void FCD_LCDDisplay0_PrintString(char* String, char MSZ_String)
{

char idx = 0;
for (idx=0; idx<MSZ_String; idx++)
{

#ifdef _BOOSTC
if (String[idx] == 0)



}

{

by
FCD_LCDDisplay0_RawSend(String[idx], 0x10);

#endif

break;

#ifdef HL_TECH_C
if (*String == 0)
{

by
FCD_LCDDisplay0_RawSend(*String, 0x10);
String++;

#endif

break;

//KeyPad(0): //Macro implementations
char FCD_KeyPad0_GetKeypadNumber()

{

//get matrices for rows and columns
#if (3 ==1)
#define KPAD_COL_MTX {1}
#define KPAD_COL_MASK (1)
#endif
#if (3 == 2)
#define KPAD_COL_MTX {1,2}
#define KPAD_COL_MASK (1]2)
#endif
#if (3 == 3)
#define KPAD_COL_MTX {1,2,4}
#define KPAD_COL_MASK (1|2|4)
#endif
#if (3 == 4)
#define KPAD_COL_MTX{1,2,4,4}
#define KPAD_COL_MASK (1]2]4|4)
#endif
#if (4 ==1)
#define KPAD_ROW_MTX {4}
#define KPAD_ROW_MASK (4)
#endif
#if (4 == 2)
#define KPAD_ROW_MTX {4,8}
#define KPAD_ROW_MASK (4|8)



4ll

#endif
#if (4 == 3)
#define KPAD_ROW_MTX {4,8,16}
#define KPAD_ROW_MASK (4|8|16)
#endif
#if (4 == 4)
#define KPAD_ROW_MTX {4,8,16,32}
#define KPAD_ROW_MASK (4|8|16]32)
#endif

#ifndef KPAD_COL_MTX
#ifdef _BOOSTC
#pragma error "Keypad error: column count is not 1-

#endif
#ifdef HI_TECH_C
#error Keypad error: column count is not 1-4
#endif
#endif
#ifndef KPAD_ROW_MTX
#ifdef _BOOSTC
#pragma error "Keypad error: row count is not 1-4"
#endif
#ifdef HI_TECH_C
#error Keypad error: row count is not 1-4
#endif
#endif

//store keys and pin connections into a constant array

#ifdef _BOOSTC
rom char* mtxKeysAsNumbers = {1,4,7,0,2,5,8,0,3,6,9,0};
rom char* mtxCols = KPAD_COL_MTX;
rom char* mtxRows = KPAD_ROW_MTX;

#endif

#ifdef HI_TECH_C
const char mtxKeysAsNumbers[] = {1,4,7,0,2,5,8,0,3,6,9,0};
const char mtxCols[] = KPAD_COL_MTX;
const char mtxRows[] = KPAD_ROW_MTX;

#endif

//set up i/o of port (rows = inputs, columns = outputs)
trisa = (trisa | KPAD_ROW_MASK);
trise = (trise & ~KPAD_COL_MASK); //BR



}

char iCol;

char iRow;

char c_ip;

for (iCol=0; iCol<3; iCol++)

{
//output the appropriate column high
porte = mtxCols[iCol];

//delay
delay_us(10);

//read the port
C_ip = porta;

//check for a hit
for (IRow=0; iRow<4; iRow++)

{
if ((c_ip & mtxRows[iRow]) != 0)
{
//found it!
goto found_key;
by
by

}

//if it gets here, it has not been found...
return (255);

found_key:
return (mtxKeysAsNumbers[(iCol*4) + iRow]);

#undef KPAD_COL_MTX
#undef KPAD_ROW_MTX
#undef KPAD_COL_MASK
#undef KPAD_ROW_MASK

//Macro implementations
void FCM_SEND_MESSAGE()

{

FCD_RS2320_SendRS232String("AT-+CMGS=",8);
FCD_RS2320_SendRS232Char(34);

FCV_I=0;

while (1)



FCD_RS2320_SendRS232Char(FCV_STRINGCELLNUMBER[FCV_I]);
FCV_I = FCV_I+1;
if (FCV_I==11) !'= 0) break;
b
FCD_RS2320_SendRS232Char(34);
FCD_RS2320_SendRS232Char(13);
delay_ms(255);
delay_ms(245);
FCD_RS2320_SendRS232String(FCV_STRINGMESSAGE,FCSZ_STRINGMES
SAGE);
FCD_RS2320_SendRS232Char(26);
FCD_RS2320_SendRS232Char(13);

delay_s(5);

b

void FCM_INPUT_NUMBER()

{
FCV_I = 0;
FCD_LCDDisplay0_Cursor(0, 1);
while (1)
{

FCV_DIGIT = FCD_KeyPad0_GetKeypadNumber();

if (FCV_DIGIT==255)

{

} else {
FCI_TOSTRING(FCV_DIGIT,FCV_NUM,FCSZ_NUM);
FCD_LCDDisplay0_PrintString(FCV_NUM,FCSZ_NUM);
FCV_STRINGCELLNUMBER[FCV_I] = FCV_NUMIO0];
delay_ms(255);
delay_ms(45);

FCV_I = FCV_I+1;

by

if (FCV_I==11) != 0) break;

by
by
void FCM_INPUT_PASSWORD()
{

FCV_I = 0;

FCD_LCDDisplayQ_Cursor(0, 1);
while (1)



FCV_DIGIT = FCD_KeyPad0_GetKeypadNumber();
if (FCV_DIGIT==255)

{

}else {
FCV_PASSWORD = FCV_DIGIT;
FCD_LCDDisplayQ_PrintASCII("*");
delay_ms(255);
delay_ms(45);
FCV_I = FCV_I+1;

by

if (FCV_I==1) != 0) break;

b

FCD_LCDDisplay0_Cursor(0, 0);

FCD_LCDDisplay0_Clear();

FCD_LCDDisplayQ_PrintString(" GSM-BASED HOME",15);

FCD_LCDDisplay0_Cursor(0, 1);

FCD_LCDDisplay0_PrintString("INTRUSION DEVICE",16);
by

void main()

{
//Initialisation
adconl = 0x07;

#if (RS232_462324_UART == 0)
set_bit(RS232_462324_RX_TRIS, RS232_462324_SW_RX);
// Receive pin is a input
clear_bit(RS232_462324_TX_TRIS, RS232_462324_SW_TX);
// Transmit pin is a output
set_bit(RS232_462324_TX_PORT, RS232_462324_SW_TX);
// Transmit pin is default high
#endif

#if (RS232_462324_UART == 1)

txsta = RS232_462324_TXSTA_VAL;
// 8-bit, async, low speed, off

spbrg = RS232_462324_SPBRG_VAL;
// set the baud rate

rcsta = 0; // 8-bit, disabled
if(RS232_462324 DATASIZE == 1)
{

st_bit(txsta, TX9); /] 9-bit TX

st_bit(rcsta, RX9); // 9-bit RX



hs
st_bit(rcsta, SPEN);
interface
#endif

#if (RS232_462324_UART == 2)

txsta2 = RS232_462324_TXSTA_VAL;
// 8-bit, async, low speed, off

spbrg2 = RS232_462324_SPBRG_VAL;
// set the baud rate

rcsta2 = 0;
if(RS232_462324 DATASIZE == 1)
{
st_bit(txsta2, TX9);
bit TX
st_bit(rcsta2, RX9);
by
st_bit(rcsta2, SPEN);
interface
#endif

#ifdef RS232_462324_HARDWARE

// turn on serial

// 8-bit, disabled

/1l 9-
// 9-bit RX

// turn on serial

set_bit( RS232_462324_CTS_TRIS, RS232_462324_CTS_PIN);

//CTS is an input

clear_bit( RS232_462324_RTS_TRIS, RS232_462324_RTS_PIN);

//RTS is an output

set_bit( RS232_462324_RTS_PORT, RS232_462324_RTS_PIN);

//not ready to accept data
#endif

//Interrupt initialisation code
option_reg = 0xCO0;

FCD_RS2320_SendRS232Char(13);
//Output: 1 -> C5
trisc = trisc & Oxdf;
if (1)

portc = (portc & 0xdf) | 0x20;
else

portc = portc & 0xdf;

delay_s(2);



//Output: 0 -> C5
trisc = trisc & Oxdf;
if (0)
portc = (portc & 0xdf) | 0x20;
else
portc = portc & 0xdf;

FCD_LCDDisplayQ_Start();
FCD_LCDDisplayQ_PrintString("Please wait...",14);
delay_s(15);
FCD_RS2320_SendRS232String("AT+CMGF=1",9);
FCD_RS2320_SendRS232Char(13);

delay_s(1);
FCD_RS2320_SendRS232String("AT+CFUN=1",9);
FCD_RS2320_SendRS232Char(13);

delay_s(1);

FCD_LCDDisplayQ_Clear();
FCD_LCDDisplayO_PrintString("Enter mobile:",13);
FCM_INPUT_NUMBER();
FCD_LCDDisplayQ_Clear();
FCD_LCDDisplayO_PrintString("Enter KEY:",10);
FCM_INPUT_PASSWORD();

while (1)
{
//Input
//Input: BO -> Microswitch
trisb = trisb | 0x01;
FCV_MICROSWITCH = ((portb & 0x01) == 0x01);

if (FCV_MICROSWITCH == 0)
{
}else {
FCD_LCDDisplay0_Clear();
FCD_LCDDisplay0_PrintString("SECURITY BREACH!",16);
FCD_LCDDisplay0_Cursor(0, 1);
FCD_LCDDisplay0O_PrintString("Press KEY",9);
FCV_I = 0;
while (1)
{
FCV_DIGIT = FCD_KeyPad0_GetKeypadNumber();
if (FCV_DIGIT==255)
{
delay_ms(255);



delay_ms(45);
FCV_I = FCV_I+1;
}else {
FCV_I = 17;
by

if (FCV_I==17) !'= 0) break;
by

if (FCV_DIGIT==FCV_PASSWORD)
{
}else {
FCI_CONCATENATE("Your house is under
attack!",27,"",0,FCV_STRINGMESSAGE,FCSZ_STRINGMESSAGE);
FCM_SEND_MESSAGE();
FCD_LCDDisplay0_Clear();
FCD_LCDDisplay0_PrintString("Message sent to",15);
FCD_LCDDisplayQ_Cursor(0, 1);
FCD_LCDDisplay0_PrintString(FCV_STRINGCELLNUMBER,FCSZ_STRINGCE
LLNUMBER);
delay_s(2);
by

FCD_LCDDisplayQ_Clear();
FCD_LCDDisplay0_PrintString(" GSM-BASED HOME",15);
FCD_LCDDisplay0_Cursor(0, 1);
FCD_LCDDisplay0_PrintString("INTRUSION DEVICE",16);

while (1)
{
//Input
//Input: BO -> Microswitch
trisb = trisb | 0x01;
FCV_MICROSWITCH = ((portb & 0x01) == 0x01);

//Do nothing
if ((FCV_MICROSWITCH == 0) != 0) break;

}
}

mainendloop: goto mainendloop;
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

« PIC16FET3A » PIC1S8F376A
« PIC1EFBT4A « PIC16FaTTA

High-Performance RISC CPU:

+ Only 35 single-word Instructions to leam
Al single-cycle Instructions excapt for program
branches. which are two-cycle
Operating speed: DC - 20 MHz clock Input

OC - 200 ns Instruction cycs
Up to &K x 14 words of Flash Program Memary,
Up to 388 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory
Pinout compatiole to other 28-pin or 40/44-pin
PIC1BCXXX and PIC16FXXX microcontrolars

Peripheral Features:

.

Timer0: 8-bit tmer/counter with 3-oit oreacaler
Timer1: 16-blt tmer/countar wih preacaler,
can be Incrementad curlng Sleep via sxtema
crystal/cloc
Timer2: 8-bit ttmer/counter with 3-bit peried
reglater, prescaler and postaca ar

wo Capture, Compare, PWM modules
- Capture Is 16-bit max resolution 3 2.5 ne
- Compare Iz “8-bt. max. resoutlon 2 200 ns
- PWN max. resolution ls 10-bit
Synchrancus Serlal Port (SSP} with SPI™
(Master mode) and I“C™ (Master/Save)
Unlversal Synchronous Asynchronous Recsiver
Traram ttar (USART/SCI) with 2-blt adarsas
detection
Parallel Slave Port (PSP) - 8 bits wide with
extemal RD, WR and CS controls (40/44-pin only)
Brown-out detection drcultry for
Srown-out Reset (BOR)

Analog Features:

+ 10-blt, up to 8-channel Analog-to-Digita
Converter (A/D)

Srown-out Reset (BOR)

Analeg Comparater medule with:

Two analog comparators

Programmable on-chip voltage reference
(VREF)Moou &

Programmabie input multiplexing from device
Inputs and Internal voitage reference
Comparator cutputs are externally accassibe

Special Microcontroller Features:

« 100.000 erase/write cycle Enhancead Flasn
program memary typlcs

4,000,000 ersse/write cyc e Data EEPROM
memery typlcal

Data EEPROM Retentlon > 40 years
Self-reprogrammeble under software control
n-Clrcult Serlal Programming™ (ICSP™)

via two pins

Single-supply 5V In-Clrcult Serlal Pragramming
Watchdog Timear (WDT) with its own on-chip RC
caclllator for reliable operation

Programmable code protection

Fower saving Sleep mods

Selectable csc stor optlons

In-Clrcult Debug (ICD) via two pins

CMOS Technology:

+ Low-power, high-speed Flasn/EEFROM
technology

Fully static desgn

\"Ide cperating votage range (20V 10 5.5V)
Commercial and Industrisl temperature ranges
« Low-powsr consumption

Program Memory Dats Msse
: EEPRCM 10«bit | CCP Timers
Device i SRAM USART _, | Comparators
T |y e o ytes) | Brtes) AID (ch} | (PWM) | gpy | Master i M
PIC1EFA73A| 7.2K 2036 182 128 5 2 Yes| Yas Yes 21 2
PICIGFaTAA| T.2K 4038 182 128 8 2 Yes| Yas Yas 21 2
PICIEFATEA | 12.34 8132 3g8 268 5 2 |Yes| Yes Yes 21 2
PICIEFATTA | 12.3K 8132 388 266 8 2 Yes| Yas Yes 21 2

@ 2003 Microchip Technaicgy Inc
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contalns device specific Information
about the folowing devicea:

« PIC16FBT3A

« PIC16FBT4A

« PIC16FETEA

« PIC16FSTTA

FIC1EFET3A275A cavices ars avallable anly In 28-0n
pac«ages, wn e PIC'8FET4A/BTTA cavices are ava -
able In 40-pin and d4&-pin packages All cavicss In the
PIC16F8TXA famlly share commen architecture with

The avs able festures are summarzec In Taoe 1-1.
Block daegrams of the PIC16F873ABT6A and
FPIC*BFET4ARTTA cevices are provicec n Flgure -1
and Flgure *-2, respectively. The oinouts for thess
devica famllles ars listed in Taoe 1-2 anc Tane 1-3

Additional information may be foung In the PICmicro®
Mic-Rangs Reference Manual (DS33023). which may
be obtainec from your ‘oca Mcrochlp Sales Reoresen-
tstlve or downleaded from the Microchip web site. The
Reference Manus' shoule be consloered & comoemen-
tary cocument to this dsta sneet and ls nighly recom-
menced reading for & better understanaing of the devics
archiecture enc operation of the periphars’ modules.

the following differances:

The PIC16F&73A anc PIC1SFT74A have one-half

of the total on-chip memory of the PIC18FaTEA

and PIC16Fa77TA

40/44-pin devicas have flve

The 28-pin devices have three /O ports. wh 2 the

The 28-pin devices nave fourteen Interrupts. whie
the 40/44-pln cevices have fifteen

The 28-pin devices have five A/D Input channals,

while the &40/44-pin devices have elght

the 40/44-pin cevices

The Paralel Slave Port ls Implemented on'y on

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16F373A PIC16F374A PIC16FBTEA PIC1GFETTA
OCperating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 M=z
Resats (and Deays) POR, BOR POR. BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K ax &K 8K
(14-bx words)
Data Memory (bytes) 192 192 358 368
EEPRONM Data Memary (bytes) 128 128 25 256
Interrupts 14 ‘5 14 1§
1O Ports Ports A, B, C PortsA.B.C,D.E| PortsA,B,C |PortsA B C O E
Tmers 3 3 3 3
Capture/Compara/PWM medules 2 2 2 2
Serlal Communications MSSP, USART MSSPE, USART MSSP, USART MSSP, USART
Farallel Communlications — PSP — PSP
10-bit Analog-10-Digkal Module Sinputchannela | 8 inputchannels | Sinputchannes | 8Iinputchannsis
Analcg Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructiona 35 Instructions 3§ Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIR 40-pin PDIP
28-pin SOIC &4-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin S80OP &4-pin TQFP 28-pin SSOP 44-pin TGFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin OFN

© 2003 Microchip Technalcgy Inc
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PIC16F87XA

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
— DswBu 8 PORTA
Progeam Cocwtar 1 7 14 RADIAND
Flash 1l ] Fat ANt
Prgram 14 RAZ2IAN2VmzrCmzr
Mamary S Lova Swach Ram 4 RAZANIVRZT-
Lava e Fie 4 RAATOCKUICIOUT
(1300 Regzars 4 RASANSEEC20UT
Frogram 44 o
s RAM Agar!! It 2
/ Accr MUX '\
Ingtrecticn ro; 2
DrotAdy 7 PORTB
H RBYINT
4 RB1
3 RB2
4 RE3FEM
s g RBL
RBS
14 RBSPGEC
T 4 RB7/PGD
Timer
Ingtrocticn Caziatar
Docde 2 = Sar.u Timar|
Carwra Zomeran
Resat PCRTC
| mmn i Watchdog 14 RCOT1OSOTACK!
] Generation [~ Timar - RC1T1OSVCCR2
OSCHCLKI Srowr-ont ) RC2CCRT
OSCZ/CLKD Resot 14 RCISCKSCL
rCircut 4 RC4/SDUSDA
Cedugger . RCZEDC
Low-vokace & RCSTXCK
Programming » RCTRADT
MCL Vo2, Vss
Tmard Timar! Timar2 13-0RAD
[ Il Il I 1l
o ynareor - - Voitaga
Data SEFROM cocP12 sévﬂﬁ:;‘ USAST Comparatr LR R
Davica Frogram Flash Data Mamery Dat EEFPROM
FICTEFETIA 4K wards 132 Bytas 122 Byas
FIC15 EK words 358 Bytas 235 Byws

Nota ¢

Higher ordor bis ara rom 7 SEtus ragister
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PIC16F87XA

FIGURE 1-2:

PIC16F874A/877A BLOCK DIAGRAM

‘3 Cats Eus £ FORTA
=j, Frogram Cc.mr| - RADIAND
Fasn " " RA1ANY
Srogram RAZIANZ/Vnge.[Ciner
Mamery B Lovel Stack RAZANIVnZr-
1307 RA4/TICKIC OUT
RAZVANAESICZOUT
Pgen w4 PORTE
= ) ! REQNT
nsrucdon reg - 2::
Direct Acdr 1 RE3IFGEM
4 RB4
H RBS
1 RBSFGC
H RETFGD
8
o T PORTC
. v ? RCAT4CSOMTIC
FONSRTD : RC1/T4CSUCCP2
Timer M RC2/CCP1
- : RCIECKSCL
nstrazdan | Oscliator 1 RCaEo a0k
cho:es = | Bancp Tmer ) R':rvré
cntral C5/SD
Fower-cn ! RCETXCK
Rest g RCT/RXOT
Timing A Waichdag
Geraradon [+ Timer FORTD
Brown-cut 4 ROJFESD
Rosat 4 RD1FES"
In.Cirouit M RO2PE=Z
Dazugger L 5 D3PES3
Low-vorage M
Programming 1
4
s
FORTE
. Voo, Vss | 14 REQW
— H—[ Re1 R
| 4 REZ
Timard Tmert Timer2 105t AD ———
\
Il Il I Ll Il Il
R A S Synchrencus e g Vatage
Das EEFROM ccee 2 Zarial Fort USAR Comparata Roforence
Davice Frogram Flash Data Mamory Data EEFROM
PIC157874A 4K words 132 Syes 128 Eytes
PIC157ETTA SK worcs 352 Sytes 258 Eytes

Nots 1: =igher arder bits are from the Stanus registar

£ 2003 Microzhip Technzlogy Inc
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION

’ PDIP,SOIC, | QFN | UVO/P Buffer o
Pin Name SSOP Pin | Ping | Type Type Description
OSC1CLKI 2 E STICMCS'™ | Oszilaar crysal or axternal clock inpus.
OSC1 | Cscilator crystalinput or external clock sawrce input. ST
buffer when configured in RC mode; otherwise CMOS.
C.KI | Extemal ciock scurce input. Always asscciated wit pin
function CSC1 (see CSC1/CLKI, CSC2/CLXC pins)
CSC2/CLKC 10 7 - Oscillator crystal or clock cutput
0SsSC2 o Oscifator orystal cutput. Connects o crystal or rescnator
in Crystal Cscillator mode
CLKC ] In RC mode, OSC2 pin cutputs CLKO, which has 1/4 the
fraguency of OSC1 and danctes the instruction cycle rate.
MCLRNPP 1 28 ST Master Clear (input) or programening voltage (cutput)
WCLR | Master Clear (Raset)input. This pin is an active low Resat
ic the device.
VrP P Programeming votage input
P0RTA is a bidirectional |0 port
RAQIAND 2 27 TTL
RAD ) Digral 110,
ANC | Analcg input 8.
RATANT 3 28 T7L
RAT o] Digital 11O,
ANt | Analcg input 1.
RAANZVRER 4 1 T7L
CVReF o Digital 1O.
RA2 | Analcg input 2.
AN2 | AD reference vokiage (Low) input.
VREF. o Comparaicr VREF output.
CVses
RAZANIVREF+ 5 2 T7L
RA3 e] Digital 11O,
ANZ | Analcg input 3.
VREF+ | A/D reference vokage (Migh) input
RALTOCKUCTOUT g 3 8T
RAZ Ic Diugiial 10 = Openedran when configured as cutput.
TOCKI | Timerl extemal dock input.
Ci1ouUT o Camparaicr 1 cutput
RASANGESIC20UT 7 4 Eg
RAS o Dugital 11O,
AN | Analeg input &,
SS | SPI slave select input
C20UT e} Carmparater 2 cutput
Legend: |=input C=ouput 110 = inputioutput P = power

= z=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is 3 Schmit: Trigger input when configured as the axternal interrupt
2:  This buffer is a Schmitt Trigger input when usad in Senal Programming made.
3:  This buffer is a Schm: Trigger input when configured in RC Oscifator mode and a CMCS input atherwisa.

DS33582B.page & £ 2003 Microchip Technology Inc



PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)
: PDIR, SOIC, | QFN | LGP Buffer :
Pin Name S20P Pird | Ping | Type Type Description
PCORTS is a tidirectona UC port. PORTE can te software
programmed for intemal weak pulsups on 3l inpuls
RBONT 2t 8 TTLSTIV
RS0 o Digital 11O,
INT ! External interrupt.
RB1 22 9 o L Digital 1O,
RB2 2 20 o L Digral 1O,
REBAPGM 24 21 T
R33 1o Digral 110,
PCGM | Lowwvcitags (single=suppiy) ICSP programming enatle pin.
RBZ 25 22 o TTL Digital 11O
RES 28 ) o T7L Digital 1O,
REBAPGC 27 24 TTUSTI
R3E ) Digial 1O,
PGC ! Inecircuit debugger and ICSP programming clock
REB7/PGD 28 26 TTUSTIR
R37 o Digral 11O
PGD 1'0 Inecircuit debupger and ICSP programming data
PCRTC is a bidrecticnal 1O port.
RCOT10SOTICKI " 8 ST
RCO e Digital KO.
TICSO o Timer? ascilator output
TICKI | Timer® axtamal dosk nput
RC1/T108VCCP2 12 9 ST
RC1 o Digtal 11O,
T1CS! ! Timer? ascifator ingut.
CcCP2 e Capiure2 input. Compare2 output, PWM2 output
RC2/CCP1 13 0 ST
RC2 I'c Digttal 110,
cCcet (s] Capture1 input, Camgare output, PAM1 ocutput
RCI/SCK/SCL 14 1 ST
RC3 e Digral 110.
SCK o Synchroncus serial clock input/output for S21 mcde.
SCL /0 Synchronous serial clock inputioutput for 2C made.
RC4/SDUSDA 16 12 ST
RC4 c Digral 11O,
S0l | SPI data in.
SDA 1o 1C data 1/C.
RCE/SDO 18 3 &T
RCS o Digital 110.
Fials) o SP| data owt
RCETXCK 17 e ST
RCe I Digtal 11O,
™% o USART asynchroncus transmit
Cc« e USART® synchronzus clock
RCT/RX/DT 18 i) ST
RC7 o Digial 11O,
RX | USART asynchroncus receve.
DT /0 USART synchrancus data
Vss 8, 19 5.8 P — Ground referenca for logic and 1O pins
veo 20 17 P — Pcsitive supgly for logic and 11O pins
Lepend: | =input O = cuput 110 = nputioutput P = power
= =Nctused TTL =TTL input ST = Schmitt Trgger input
Note 1: This tufferis a Schmitt Trigger input when configurad as the esxteral interrupt

2:
3:

This tuffer is a Scam
This tuffer is a Schm

rigger input when usad in Sera Programming made.
1 Trigger input when configured in RC Oscifator mode and a CMCS input ctherwise.

£ 2003 Microzhip Technalogy Inc
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PIC16F87XA

TABLE 1-3:

PIC16F874A/877A PINOUT DESCRIPTION

Pin Name PDIP | PLCC | TQFP| QFN | LOP Buffer Description
Ping | Pin# | Pin# | Pin¥ | Type Type
OSC1/CLKI 13 14 30 a2z ST/CMOS@ | Oscilatzr crystal or extemal closk nput
08C1 | Cscilator orystal input or axternal clock scurce
input. ST buffer when configured in RC made;
otherwise CMCS
CLKI \ Extema clock scurce input. Always asscoated
with gin function OSC? (see OSC1/CLXI,
CSC2CLXO pins)
QsC2/CLxC 14 18 K a3 —_ Oscilatcr crystal or clock output
0SsC2 c Cscilator crystal cutput.
Caonnec's {o crystal or resonatzr in Crystal
Oscilator mode
CLKO o} In RC mode, CSC2 pin culputs CLXO, which
has 14 ?e fraguency of CSC1 and denctes the
instructon cycle rate.
MCLR\»F 1 2 B8 -] ST Maszar Clear (input) or programming voltage (output)
WCLR | Master Clear (Reset) ingut. This gin is an active
low Reset to the device
VPR = Programening voitage input
PORTA is a bidrecticnal 1O port.
RAZIAND 2 3 9 ) TIL
RAC Us] Digitat C.
ANC | Analcg input 0
RAANT 3 ) 20 20 TTL
RA? o Degital I/C.
AN | Analcg input 1
RAQANZNRERCVREF| & 5 21 21 TTL
RA2 e) Digital I/C.
AN2 | Analzg input 2
VREF | 'O reference vaitage {Low) input.
CVRer c Comparatcr VREF output
RAIANINREF+ 5 -] 22 22 TTL
RA3 o) Digitai 1)C.
AN3 | Analog input 3.
VREF | A/D reference voltage (High) input.
RALTOCKUCICUT 8 7 23 23 ST
RAZ o Digital I/C = Cpeanedran when configured as
cutpat.
TOCKI | Timer0 extermal cozk nput
Ci1CUT o} Comparatcr 1 cutput
RASIANSSSC20LT 7 L] 2 2 TTL
RAS uc Digital 1/C.
ANG | Analzg input &
= | SPI slave seiect input
Cc2cuT o} Comparatcr 2 cutput
Legend: | =input C =ouiput 110 = input/output P = power

- = Not used

Note 1:

TTL=TTL input
This tuffer is a Schm Trigger input when configured as e extamal interrups.

ST = Schmitt Tngger input

2: This buffer is a Schmi®t Trgger input when usad in Serial Programeming mcde.
3:  This buffer is a Schmi Tngger input when configured in RC Cscillator mode and 3 CMOS input ctherwise.

DS33582B.page 10
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP | PLCC | TQFP| QFN | LOP Buffer Deicriotion
Ping | Pin# | Pin¥ | Pin#¥ | Type Type P
PORTS is a bidirecional UD port PORTE can be
software programmed for internal weak palbus on 2l
nputs,
RBOINT 33 38 8 8 TTLSTY
R30C e] Digital l/C.
INT | Extemna interrupt.
R81 34 37 ) 0 o] TTL Dugital 11O,
RE2 38 38 0 o TTL Digital VO.
RBIPGM 3€ 3s 1 12 TTL
R33 s} Digital /0.
PGM | Lowsvokaga ICSP programming enatle pin
RB2 37 4 e e e TTL Dvgital 1/C.
RE5 38 42 6 5 o TTL Dgital /C.
RE3PGC a3 | 43 | 6 8 TTLST®
RBE g Digital 1/C.
PCC | IneciTuit detugger and ICSP programming clock.
R37/PGD a0 | 44 | 7 7 TTLST®
R37 e] Dugital 1O,
PGD Lo Inecircust debugger and ICSP programming data.
Legend: | =input C =ouput 110 = inputicutput P = power
-z Notused TTL=TTLinput ST = Schmit Trigger input

Nots 1: This tuffer is a Schrmitt Trigger input when configurad as e extemal interrupt.
2: This tuffer is a Schm® Tngger input when usad in Serial Programming mede
3: This buffer is a Schmi Tngger ingut when configured in RC Cscillator mode and a CMOS input ctherwise.

£ 2003 Microzhip Technzlogy Inc
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP | PLCC | TQFP| QFN | IC/P Buffer Descilotion
Ping | Pin# | Pin# | Pin# | Type | Type P
PORTC is a bidiractiznal 1)O part.

RCOT1CSOTICKI 185 18 a2 3 8T

RCO s} Digitat NO.

T10S0 c Timer1 cscillator autput.

TICKI | Timer1 extama clock input
RC1/T1CSICCR2 16 18 s 35 ST

RC1 i) Digital 1/C.

TiCSI | Timer1 cacillator input.

cCcP2 o Capture2 input. Cormpare2 output, PAWM2 output.
RC2'CCP1 17 18 g 38 ST

RC2 o Digital V0.

CcCas s Capture® input. Compare? output, PAWM 1 output
RCASCK/SCL 18 20 a7 a7 ST

RC3 s] Digital I/C.

SCK c Synchroncus serial clock inputioutput for 821

mads.
SCL o Synchronzus serial clock input/output for 2c
made.

RC&/SOUSDA 23 25 42 42 ST

RC2 o) Digital 1/C.

S0l | SPI datain.

S0A 1o 12C data UO
RC&SDO 24 28 a3 43 ST

RCS o] Digitai I!C.

SDO o) SPl datacut.
RCETXCK 25 27 44 a ST

RCE o Digitat VC.

T o) USART asynchronous fransmit

Ccx o} USART* synchronous clock
RCTRXDT 28 28 . ST

RCT o Digital I/C.

RX | USART asynchronous receve.

DT s} USART synchroncus data
Legend: |=input C =auiput 110 = input/output P = power

- = Not used

TTL=TTL input

ST = Schmiit Tngger input

Nota 1: This buffer is a Schm® Trigger input when configured as the extamal interrups.
2: This buffer is a Schmi®t Trgger input when usad in Serial Programening mede.
3:  This buffer is a Schmizt Trigger ingut when configured in RC Oscillator mode and a CMOS input ctherwise.

DS33562B.page 12

£ 2003 Microchip Technology Inc




PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP | PLCC | TQFP| QFN | LO/®P Buffer Descriction
Ping | Pin# | Pin¥ | Pin#¥ | Type Type P
PORTO /s a bidiracticnal X0 part or Parallel Slave
Pzrt whan interfacing to 2 microprocessce bus
200P3R0 18 | 2t | 38 38 STTTLS
RDO s} Digital 1/C.
PS20 ) Paralel Slave Por: data
R01/P8e" 20 | 22 | 38 g STTTLS
RD1 o] Dugital 11O,
T Vo Paralel Slave Paor: data
R02P8R2 2t 23 | 40 40 TATLS
RD2 o] Digital /C.
PER2 o Paralel Slave Paor: data
RDAPSP3 22 | 24 | a1 41 STTTLY
RD3 o Digital I/C.
pEoa o Paralel Slave Por: data
RD&PSPL 27 30 2 2 STTTLS
24 e Dugital 1/C.
PE22 o Paralel Slave Por: data
ROEPSPE 28 | ar 3 3 STTTLS
ROS i) Digital /0.
PEDE uo Paralel Slave Por: data
2DEPSFE 28 | a2 4 4 STATLS
RD8 e] Digital l'C.
PSPE U} Paralel Slave Por: data
207287 30 | 33 5 5 STTTUS
RD7 e} Digital 'C.
PS27 s] Paralel Slave Por: 2ata
PORTE is a bidrectanal U0 gort
REQRDIANS 8 3 2% 26 STTTLS
RED s] Digital O.
RD | Raad control far Paralal Slave Port.
ANE | Analcg input 5
RE1WRIANE 3 10 | 26 2% STTTLS
RE: o Dugital 1/O.
WR | Wirite cantral for Parallel Save Port
ANE | Analog input 8
RE2TIANT 10 1 27 27 STTTLS
RE2 o Digital I!C.
cs | Chip sslect cortral for Parallel Slave Port
ANT | Analzg input 7
Vas 12,31 13,34 | 6.23| 6, 32 = — Ground reference for logic and /O pins.
31
eo 1,32|12,36| 7.28 | 7.8, P -— Pzsitive supply for logic and 1O pins
28,28
NC - | 1,17, [ 1233, 13 — -— These pins are not intemally connected. These pins
28,40| 35 3 should be left unconnected
Legend: | =input C =output 110 = nputioutput P = power
-z Notused TTL=TTL input ST = Schmitt Trgger input

Note 1: This buffer is a Schm® Trigger input when configured as ®he extamal interrupt.
2: This buffer is a Schmi® Trigger input when used in Senal Programming mode
3: This buffer is a Schmizt Trigger input when configured in RC Oscillstor mode and a CMOS input ctherwise.
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LM78XX/LM78XXA

Aok 2010

3-Terminal 1A Positive Voltage Regulator

Features

m Output Current up to 1A

m Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24
& Thermal Overload Protection

@ Short Circult Protection

& Output Transistor Safe Operating Area Protecton

General Description

Tre LMTEXX seres of three terminal poslitive regulators
gre ava 2oe In the TO-220 package anc witn severs!
fixed cutout voltsges, making them useful in & wide
range of applications. Each type employs Interna! current
limzing, thermal shut down and aafe operating area pro-
taction, making It essenta y Indestructible. If acsquste
heat sinking Is provided, they can cefiver over 1A output
current. Although cesigned primarlly as fixae voitage
regulaters, these devices can be used with externa com-
ponents to cbtain ad|ustable voltages and currents

Ordering Information

Product Number | Output Voltage Tolerance

Package Operating Temperature

LM7805CT 4%
LM7808CT
LM7808CT
LM7800CT
LM7810CT
LM7812CT
LM7815CT
LM7818CT
LM7824CT

LM7808ACT 2%
LM7808ACT
LM7808ACT
LM7808ACT
LM7810ACT
LM7812ACT
LM7818ACT
LM7818ACT
LMT7824ACT

TO-220 -40°C to =125°C

0°C to +125°C

@ 2010 Fairchid Semicenductor Conporascn
LMTEIOULMTEXXA Rev. 1.0

warn farchidseni.com
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Absolute Maximum Ratings

Absolute maximum ratings are those values beyond which damage 10 the device may occur. The datashest
speciications shou'd be met, without exception, to ensure that the system deslgn Is rellable over Its power supply,
temperature, end output/input loading varlebles. Fairchlld doss not recommeand operation outside datasheet

Block Diagram
Ingut Seres Pass Output
o Element Q
| [ ;
Current SCA
Generator Protection 74
Startn Relerence Erroe
Cireui Voltage
Themal
| Protection
GND

Lo Q
2

Figure 1.

Pin Assignment
o
Dl 1. Input
1 2.GND
3. Output
Figure 2.

speciications.

Symbol Parameter Value Unit

v Input Voltage Vg =5Vt 18V 35 v

Vg = 24V 40 v
Rae Therma' Resistance Junction-Casss (TO-220) 5 ‘cw
Raua Therma' Resistance Junction-Alr (TO-220) 65 ‘cw

Toes Operating Temperature LM78xx -40 10 +125 *C

Range CM78xxA 010 +125
Tera Storage Temperature Range -85 to =150 'c

LM7BXX/LM7BXXA Rev. 1.0

www. aircrildsemicom™
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Electrical Characteristics (LM7805)
Refer 10 the test clrcuits. -40°C < T < 125°C, Io = S500mA, V, = 10V, C, = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Unit
Vo |Output Voltage T,=+25C 48 50 52 v
SMASisS 1A Py S 15W, 475 5.0 5.25
V=7V 10 20V
Regline |Line Regulation'” T,=+28°C |Vo=7V 1025V - 40 100 my
V,=8Vwoi12v - 18 50.0
Regload |Load Regulation'! T,=+25°C |lg=5mAto 1.5A - 2.0 100 my
lg = 250mA to 750mA - 40 50.0
g Qulescent Current T,=+25'C - 50 8o mA
Alg  |Qulescent Current Change [ lg = SmA to 1A - 0.03 05 mA
V=7V 25V - 03 13
AVoAT | Output Voitzge Oriff® | Ip = SmA = 08 - [ mvrc
V Output Nolse Voitage f = 10Hz to 100kHz, T, = +25*C - 420 - [TVATY
RR |Ripple Rejection'® f=120Hz, V5 =8V to 18V 62.0 73.0 - a8
Vpsos | Dropout Voltage lg=1AT,==25°C - 20 - v
L2 Output Reslatancea' f=1kHz - 15.0 - mi2
lse  |Short Circult Currant V=35V, Ty =-25°C - 230 - mA
lsx | Peak Current'® T,=+25°C - 22 - A
Notes:

1. Load and line regulation ars specified at constant junction temperature. Cnanges in Vg due to heating effects muat
be taken into account separately. Pulse testing with low duty 's used.
2. These parametars, 2though guaranteed. are not 100% teated In production.

3 www.aircniidsemicom
LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7806) (Continued)
Refer o the test circults -40°C < T < 125°C. Ig = 500mA, V, = 11V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min Typ. Max. | Unit
Vg | Output Voltage T,=+25C 5.75 6.0 6.25 v
SmAS g < 1A, Pg < 15W. 5.7 6.0 83
V, =8.0V1021V
Regine | Line Reguiation® T,=<25C |V, =8V to2sV = 50 120 mv
V, =8Vt 13V - 15 60.0
Regicad | Load Reguiation®  |T,=<25'C |lp=5mA o 1.5A = 50 120 | mv
Iy =250mA to 750mA - 30 60.0
la Quisscent Current T,=<25C - 5.0 a0 mA
Aly | Quisscant Current ly=5mAtc 1A . = 05 mA
Change V.= BV to 25V = = 13
AVo/AT |Output Voltage Drift®! |1y = SmA - 08 - mv*C
V) |Cutput Noise Voltage |1 = 10z to 100kHz. T, = +25°C = 450 = ViV
RR Ripple Rejection’*! t=120H2. Vg =8V 10 18V 620 73.0 - dB
Vezoe | Dropout Voltage lg=1AT,=+25C = 20 = v
To |Output Reslstance |f=1kHz - 19.0 - mi}
lgg | Snort Circuit Current |V, =35V, T, = +25°C = 250 = mA
log | Peak Current!®) T,=+25C - 22 - A
Notes:

3. Load and line reguiation ars specified at conatant junction temperature. Cnangss in Vs due to heating effects must
be taken Into account separately. Pulse testing with low auty 's used.
4. These parametars, 21hough guaranteed. are not 100% teated In production.

LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7808) (Continued)
Refer o the test circults -40°C < T < 125°C. Ig = 500mA, V, = 14V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vg | Output Voltage T,=+25°C 7.7 80 83 v
SMA S oS 1A, Pg S 15W, 78 80 84
V,=10.5V to 23V
Regine | Line Reguation®® T,=+25'C |V, =108V 1025V - 50 80 | mv
V,=11.5V10 17V - 20 80.0
Regload | Lozd Reguiztion’®) T,=+25'C |Ip=5mA o 1.5A - 100 | 180 | mv
ln=250mAto 750mA [ - 50 80.0
la CQuleacent Current T,=+25°C - 50 a0 mA
Aly | CQuisacent Current Changs |lg=5mAto 1A - 0.05 05 mA
V, = 10.5V to 25V - 05 1.0
AVo/AT | Output Voltage Drift®) o= 5mA = 08 = | mvic
Vy | Output Noise Voltage f=10Hz 10 100kHz, T, = +25°C = 52.0 - VNG
RR Ripple Re]ec‘l!on'—s? f=120Hz, Vg = 11.5V 10 21.5V S56.0 730 - dB
Veage | Dropout Voltage lg=1A.T =-25°C - 20 - v
o |Ouiput Resisiance® f= tanz = | we | - mi1
lgg | Snort Circuit Current V=35V, Ty =-25°C - 230 - mA
log | Pesk Current® T,=+25°C - 22 - A

5. Load and line raguiation ars specified at constant junction temperature. Cnanges in V due to heating sffects must
be taken Into account separately. Pulse testing with low auty 's used.

8. These parametars, 21hough guaranteed. are not 100% eated In production.

LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7809) (Continued)
Refer to the test circults -40°C < T < 125°C. Ig = 500mA, V, = 15V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. Typ. Max. | Unit
Vo |Output Voltage T, =+25'C 865 | 90 | 83 v
SMAS oS 1A, Pps 15W, 8.5 80 94
V,=11.5V 10 24V
Ragline |Line Regulation'™ T,=+25C |V, =11.5Vt0 25V - 6.0 180 mv
V=12V 10 17V - 20 80.0
Regload |Load Reguletion®” T,=+25C |l =5mA 10 1.5A - 120 180 mv
lo=250mA10 750mA | - 40 | s00
la Qulescent Current T,=+25C - 50 8.0 mA
Alg  |Qulescent Current Change | lq=5mAto 1A - - 05 mA
V=115V 028V = = 13
AVg/AT |Output Voltage Drift® | ig = 5mA = a0 = | mvrc
Vy  |Output Nolsa Voitage f=10Hz o 100kHz, Ty = -25°C - 55.0 - HVNg
RR | Ripple Rejection’® F= 120Kz, Vg = 13V 10 23V 80 | 710 = a8
Voros | Dropaut Voltags lo=1A,T,=+25'C - 20 - v
s |Output Resistance’®! f=1kHz - 17.0 - mi2
lge | Short Circult Currant V, =38V, T, =+25°C - 250 - mA
I« |Peak Current® T,=25'C = 22 - A

7. Load and line raguiation ars spacified at constant junction temperaturs. Cnanges in V due to heating sffects must
be taken Into account separately. Pulse testing with low auty 's used.

8. These parametars, 21hough guaranteed. are not 100% teated In production.

LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7810) (Continued)
Refer to the test circults -40°C < T < 125°C. Ig = 500mA, V, = 18V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. Typ. | Max. Unit
Vo  |Outout Voitage T,=+25°C 98 100 | 104 v
SmASisS 1A Po S 15W, g5 100 | 105
V= 12.5V to 25V
Regline | ine Regulation’®! T,=+25C |V,=12.5Vto25V - 100 200 mV
V=13V 1025V - 3.0 100
Regioad || cad Regulation'® T,;=+25°C |lg=5mAw 1.5A - 120 200 mvV
lg = 250mA o 750mA - 4.0 400
la Qulescent Currant T,=+25°C - 5.1 80 mA
aly  |Qulescent Current Change [lg = SmA o 1A - - 05 mA
V| =12.5V to 20V = = 10
AVH/AT |Qutout Voitage Drli(*¢! lg=85mA - -1.0 - mV/*C
Vn QOutout Nolss Voltage f = 10Hz to 100kHz, Ty = +25*C - 580 - uVNg
AR |Ripoie Rejsctioni!d f=120Hz, Vo = 13V t0 23V 560 | 710 - dB
Vaase |Oropout Voitage lg=1AT;=-25'C - 20 - v
o Outout Resigtancel'C! f=1xHz - 17.0 - mi2
lge  |Short Clrcult Current V=35V, Ty =-25°C - 250 - mA
lek | Peak Currenti!® Ti=+25°C = 22 = A

Notes:

2. Load and line regulation ars specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separate’y. Puise testing with low duty 's used.
10. These parametars, although guaranteed, are not 1009 teated In production.

LM7EXXLMT7EXXA Rev. 1.0
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Electrical Characteristics (LM7812) (Continued)
Refer o the test circults -40°C < T < 125°C. Ig = 500mA, V, = 18V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vo  |Output Voltage T,=-25C 115 | 120 | 125 v
SmAsS |y s 1A, Pys 15W, 1.4 120 126
V, =145V 1027V
Regline |Line Regulation'’™ T,=+25C |V, =14.5V to 30V - 100 240 mV
V=16V 10 22V - 30 120
Regloed [Loed Reguletien’) T,=+25'C|ly=5mAt 1.54 - 1.0 240 my
lo=250mA o 750mA | - 50 | 120
la Qulescent Current T,==25C - 5.1 80 mA
Alg  |Qulescent Current Change |l = SmA to 1A - 0.1 05 mA
V= 14.5V 10 30V = 03 10
AVy/AT | Output Veitage Drlfe!'2 Iy =5mA - -10 - mv/*C
Vy  |Output Nolse Voitage = 10Hz to 100kHz. T, = +25°C - 76.0 - HVVg
RR | Ripple Rejecticn' 2 t= 1201z, V, = 15V 10 25V 550 | 710 - ET)
Vpaos | Dropout Voitage lo=1A,T,=+25C - 20 - v
o |Output Resistance’ '@ |1= 1kHz = 180 | - mi2
lge | Short Circuit Currant V, =35V, T, =+25°C - 230 = mA
I« |Peak Current'2 T,=-25'C - 22 - A
Notes:

11. Load and line raguiation ars spacified at constant junction temperature. Cnanges in VW due to heating sffects must
be taken Into account separately. Pulse testing with low duty 's used.
12. These parametars, 21hough guaranteed. are not 1003 eated In production.
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Electrical Characteristics (LM7815) (Continued)
Refer o the test circults -40°C < T < 125°C. Ig = 500mA, V, = 23V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. Typ. | Max. Unit
Vp  |Outout Voitage T,=+25°C 144 | 150 | 156 v
SMAS I, S 1A Py < 15W, 1425 | 150 | 1575
V,=17.5V to 30V
Regline |Line Regulation!!3 T,=+25°C [V, =17.5Vt0 30V - 11.0 300 mv
V, =20V to 26V - 3.0 150
Regicad | Load Regulation!’® T,=+25°C [lo=5mA 10 1.5A4 - 12.0 300 mV
lg =250mA 10 750mA - 40 150
la Quiescent Current T,=+25°C - 52 80 mA
Aly  |Qulescent Currant Change |lg =5mA 0 1A - - 05 mA
V,=17.5V to 30V - - 10
AV/AT |Output Voitage Drift*4) lg=5mA B -1.0 B mVi*C
Vi |Outout Naise Voltage f=10Hz 10 100kHz, T, = +25°C - 80.0 - LV
RR Ripo's Reecton''® f=120Hz,V, = 18.5V t0 28.5V 540 700 = a8
Voaae |Oropout Voitage lg=1A.T =<25°C - 20 - v
s Cutout Resigtancel ') f=1%Hz - 18.0 - mi2
lge  |Shert Circuit Current V=35V, Ty =-25°C - 250 - mA
lox | Peak Current!'l T,=+25C - 22 - A
Notea:

13. Load and line raguiation ars specified at conatant junction temperature. Cnanges in Vs due to heating sffects must
be taken Into account separately. Pulse testing with low duty 's used.

14. These parametars, 21hough guaranteed. are not 100%¢ teated In production.
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Electrical Characteristics (LM7818) (Continued)
Refer o the test circults -40°C < T < 125°C. Ig = 500mA, V, = 27V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. Typ. | Max. | Unit
Vg |Output Voltage T, =+25'C 173 | 180 | 187 v
SMAS Iy S 1A, Pa S 15W, 171 18.0 188
V=21V ta 33V
Regline |Line Reguletion'’® T,=+25'C |V, =21V 1033V - 15.0 3860 mV
V. =24V to 30V - 50 180
Regload |Load Regulaﬂonf‘g' T,=+25'C [l =5mAtc 1.5A - 15.0 360 mv
Iy = 250mA to 750mA - 50 180
lg  |Quiescent Current T,=+25'C - 52 8.0 mA
Alg  |Quiescent Current Change | lo = SmAto 1A - - 05 mA
V, =21V to 33V - - 1.0
AV/AT | Output Voltage Driff '8l |ig = 5mA - ET) = | mvrc
Vy  |Output Nolse Voitage f=10Hz 10 100kHz, Ty =-25°C - 110 - VAT
RR | Ripple Rejection s f=120Hz, V, = 22V to 32V 530 | 8.0 - o8
Vpag= | Dropout Voltags lo=1A,T, =+25'C - 20 - v
o |Output Resistance! %/ f=1kHz - 220 - me2
lge | Short Circuit Current V, =35V, T, =+25C = 250 = mA
lsx | Peak Current'® T,=+25°C - 22 - A
Notes:

15. Load and line raguiation ars specified at constant junction temperature. Cnanges in VW due to heating sffects must
be taken Into account separately. Pulse testing with low duty 's used.
16. These parametars, 21hough guaranteed. are not 100% eated In production.
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Electrical Characteristics (LM7824) (Continued)
Refer to the test circults -40°C < T < 125°C. Ig = 500mA, V, = 33V, C, = 0.33uF. Cg = 0.1uF, unless otherwise soecified.

Symbol Parameter Conditions Min. Typ. | Max. | Unit
Vo |Output Voltage T,=+25'C 230 | 240 | 250 v
SMAS I S 1A, Py 15W, 228 | 240 | 2525
V, =27V to 38V
Regline | Line Regulation!'™ T,=+25'C [V, =27V to 38V = 17.0 | 480 mv
V, =30V to 36V - 6.0 240
Regload | Load Reguiation!™™ T,=+25'C |lg=5mA10 1.5A - 15.0 480 my
lo=250mAt0750mA | - 50 240
la Culeacent Current T,=+25C - 52 B.O mA
Aly | Quisacent Current Change | Io = SmA 1o 1A - 0.1 05 mA
V, =27V to 38V = 0s 1.0
AVy/AT | Output Voltage Drift!'s) lg=5mA - -15 - mv/*C
Vi |Output Noise Voltage f=10Hz o 100kHz, Ty = -25°C - 80.0 - ViV
RR | Ripple Rejection'®! f=120Hz, V, = 28V 1o 38V 500 | &7.0 = T
Veage | Dropout Voltage lg=1A,T;=+25'C - 20 - v
0 |Output Realstance!'® f=1k=z - 280 - mil
lgs | Snort Circuit Current V, =38V, T, =+25°C - 230 - mA
lox | Peak Current!*® T,=+25'C - 22 - A
Notea:

17. Load and line raguiation ars specified at conatant junction temperature. Cnanges in VW due to heating sffects must
be taken Into account separately. Pulse testing with low auty 's used.
18. These parametars, 21hough guaranteed. are not 100% teated In production.
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Electrical Characteristics (LM7805A) (Continued)
Refer 1o the test clrouts. 0°C <« T, < 125°C. 15 = 1A, V, = 10V. C, = 0.33uF, Cy = 0.1pF, unless otherwise specified.

Symbol Parameter Conditicns Min. Typ. | Max. | Unit
Vo |Output Voltage T,=+25°C 49 50 51 v
la=5mAto 1A, Py < 15W, 48 50 52
V, =7.5V 020V
Regline [Line Regulaﬂon“_’.' V,=7.5Vt0 25V, Ig = 500mA - 50 500 mV
Vi=8Vto 12V - 3.0 500
T,=+25C V, =7.3V 1020V = 5.0 500
Vi=8Vwi12v - 15 250
Regload |Load Regulaﬂon"’_'.' T, =+25'C, log=5mAto 1.5A - 2.0 100 mV
lo=5mAto 1A = 8.0 100
la = 250mA 1o 750mA - 40 500
g Qulescent Current T,=+25'C - 50 6.0 mA
Alg  |Qulescent Current lg=5mAto 1A - - 05 mA
Changs V=8V to 25V, Ip = 500mA - - 08
V,=7.5V 1020V, T,=-25°C = - 08
AVoAT | Output Voltage Driffe | in = SmA = 08 ~ mvre
Va Output Nolse Voitage | f = 10Hz 1o 100kHz, Ty = -25°C - 100 - WV
AR |Ripple Rejection'®™  |f=120Hz, I = S00mA, V, = 8V to 18V - £8.0 - a8
Vpaos | Dropout Voitage la=1A,T,=+25'C - 20 - v
o |Output Resistance® |f= k=2 - 17.0 - me
lge  |Short Circult Current |V, =35V, T, = +25°C - 250 - mA
I |Peak Cument® T,=25'C - 22 Z A

Notes:

19. Load and line reguiation are specified at constant junction temperature. Changes in V5 due to heating effects must
be teken into account separately. Pulge testing with low duty '3 used.
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20. These parametars, 2though guaranteed. are not 100%: teated In production.
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Electrical Characteristics (LM7806A) (Continued)
Refer 1o the test clrouts. 0°C <« T, < 125°C. 15 = 1A, V; = 11V, C, = 0.33uF, Cy = 0.1pF, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vo |OutputVoitage T,=+25C 558 | s0 | 812 v
lo=5mA 10 1A, Pg £ 15W, 578 | 80 | 824
Vi=B88Vto21V
Regline |Line Regulaﬁonw' V| =8.6Vto 25V, Ig = S00mA - 50 80.0 mV
Vi=8V1o 13V - 30 80.0
T,=+25°C |V,=83Vto21V - 50 80.0
V=8V to 13V - 15 30.0
Regload |Load Regulaﬂon‘?” T =+25°C, lo = 5mAto 1.5A - 20 100 mv
lo=5mA 1A - g0 | 100
lg = 250mA to 750mA - 50 50.0
la Qulescent Current T,=+25°C - 43 60 mA
Alg Qulescent Current Change [lg =5SmA o 1A - - 05 mA
V=18V 1o 25V, I5 = 500mA - - 08
V| =8.5Vto21V, T, =+25°C - - 08
AVoAT | Output Voltage Drife®  |Ip = SmA - | 08 | - |mwrec
Va Output Nolse Voltage f=10Hz to 100kHz, Ty = +25°C - 10.0 - uVNg
AR | Aippie Rejection 2 f= 120Hz, lo= 500mA. V,=8V 10 18V - | 650 | - | o8
Vpao= |Dropout Voitage lo=1A.T = =25°C - 20 - v
(7o) Output Resletsnce‘z_z' f=1kHz - 17.0 - mi2
lge | Short Circuit Current V=35V, Ty =-25°C - 250 - mA
lox | Peak Current2 T,=+25'C - | 22 | - A
Notes:

21. Loed and line reguiation are specified at constant junction temperature. Changes in V5 due to heating effects must
be taken into account separately. Pulge testing with low duty '3 used.

22. Tnese parametars, 2though Quaranteed. are not 100%: teated In production.
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Electrical Characteristics (LM7808A) (Continued)
Refer 1o the test clreuts. 0°C < T, € 125°C. Ig = 1A,V = 14V, C, = 0.33uF, Cg = 0.1pF, unless atherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo | Outout Voitage T,=+25'C 784 80 B.18 v
lp = 5MA to 14, Pa £ 15W, 7.7 80 a3
V,=10.6V 1023V
Regline |Line Regulaton 2 V, = 10.6V 10 25V, I = 500mA = 5.0 80.0 mv
Vo= 11V 10 17V = 3.0 80.0
T,=-25'C V,=10.4V to 23V - 8.0 80.0
V=11Vt 17V - 20 40.0
Feccad | Load Reguiaten 22 T.= 25'C, lo= SmA to 1.5A = 120 | 100 | mv
lo=5mAto 1A = 120 | 100
Ip = 250mA to 750mA - 5.0 50.0
lg Qulescent Current T,=+25'C - 5.0 5.0 mA
alg Qulescent Current Change |lp = SmA to 1A - - 05 mA
V.= 11V 10 25V, I5 = S500mA - - 0B
V,=106V1023V, T, =+25'C - - 08
VAT | Outout Votags DrAE | ip = 5mA = 08 - | mvrc
Vi QOutput Nelss Voltags f=10Hz to 100kHz. Ty = +25'C - 10.0 - uVNg
SR |Rooe Rescton @ 1= 120z, I = S00mA, - 62.0 - &
V,=11.5V1021.5V
Voase |Oropout Voitage lg=1A,T = +25'C - 20 - v
= |Outot Ressznca™  |f= 1kHz = 18.0 = mi2
lse Shert Clrcuit Current V, =35V, Ty =+25°C - 250 - mA
lex | Peax Cument® T,=+25'C = 22 = A
Notes:

23. Loed and line reguiation are specified at conatant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Puise testing with low duty is used.

24. These parameters, aithough guaranteed, are not 1003 tested In production.
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Electrical Characteristics (LM7809A) (Continued)
Refer 10 the test clreuts. 0°C < T, < 125°C. I = 1A, V, = 158V, C, = 0.33uF, Cg = 0.1pF, uniess atherwise specified.

Symbol Parameter Conditions Min. Typ. | Max. | Units
Vo |OutputVoitage T,=-25C as2 2.0 818 v
la=5mAto 1A, Py < 15W, B.65 2.0 835
V.= 11.2V 10 24V
Regline | Line Regulation@) V.= 11.7V 10 25V, Ig = 500mA = 60 | %00 | mv
V=125V 10 18V - 40 450
T,;=+25'C |V,=11.5Vto 24V - 8.0 80.0
V,=12.5Vto 18V - 20 450
Rsgoad | Load Reguiation 2! T,=-25°C, Ig=5mA o 154 - 120 | 100 | mv
ln=5mA to 1A - 120 100
Iy = 250mA to 750mA - 50 50.0
la Qulescant Current T,=-25'C - 50 6.0 mA
alg  |Qulescant Current Change [l = 5mA to 1A - - 05 mA
V, =12V 10 25V, Iy = 500mA - - ek
Vi=11.7V1c 25V, T, = +25'C - - 08
AV/AT |Output Vioitage Drifts) In = 5mA - -1.0 - mv/*C
Vi QOutput Nelse Voltage =10z to 100kHz. Ty = +25°'C - 100 - uVig
AR |Ripple Rejectlon’®® =120Hz, Ig = S00mA, - 52.0 - dB
V=12V w22V
Vaage |Oropout Voitage lo=1AT,=+25C - 20 - v
fa  |Output Reslstanca’®® t=1kHz - 17.0 - m
lge | Shert Clrcuit Cument V, =35V, T, ==25'C - 250 - mA
lex | Peak CurrentiZ®) T,=+25'C - 2z - A
Notes:

25. Load and line reguiation are specified at conatant junction temperature. Changes in V4 due to heating effects must
be taken into account separately. Puise testing with low duty 's used.

25. These parametars, aithough guaranteed. are not 100%¢ teated In production.
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Electrical Characteristics (LM7810A) (Continued)
Refer 1o the test clrouts. 0°C <« T, < 125°C. 15 = 1A, V, = 18V, C, = 0.33uF, Cy = 0.1pF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo |Outout Voitage T,=+25'C 28 100 | 102 v
lo=5mAto 1A, Pg < 15W, 26 10.0 10.4
Vi=12.8Vto 25V
Regline |Line Regulazionﬁ” V,=12.8V 10 26V, lg = 500mA - 8.0 100 mV
V=13V to 20V - 4.0 50.0
T,=+25'C V,=12.5Vto 25V - 8.0 100
V=13V to 20V - 30 50.0
Reccad | Load Reguaten®! | T, = +25°C, I = 5mA to 1.54 = 120 | 100 | mv
lo=5mAto 1A = 120 | 100
la = 250mA 1o 750mA = so | s0.0
la Qulescent Current T,=+25'C - 50 5.0 mA
alg Qulescent Currant la=5mAto 1A - - 05 mA
V,=12.8V t0 25V, Ig = 500mA = - 08
V=13V to 26V, T, = +25°C - - 0s
VAT | Outost Votags DA | 1o = SmA - 1.0 — | mvrc
Vi Output Noiss Voltage  |f = 10Hz to 100kHz, Ty = =25°C - 10.0 - uVNg
AR |Rooe Reiecton®  |1= 120z p = 500mA, V, = 14V 1024 | - 620 - e
Vaase | Dropout Voitage la=1AT;=+25'C - 20 - v
= |Outot Resamnca®® |f= 1kmz - 17.0 - i
lge Shart Circuit Current |V, =35V, Ty = +25°C - 250 - mA
I |Pezx Current?® T,=+25'C = 22 - A

Notes:

27. Loed and line reguistion are specified at constant junction temperature. Changes in V5 due to heating effects must
be taken into account separatsly. Pulge testing with low duty '3 used.

28. Tnese parametars, 2though guaranteed. are not 100%: teated In production.

LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7812A) (Continued)
Referto the test clrouts. 0°C <« T, < 125°C. 15 = 1A, V, = 18V. C. = 0.33uF, Cp = 0.1pF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo  |Output Voltags T, =+25'C 11.75 120 1225 v
lo=5mAt0 1A, Po S 15W, 1.5 120 125
V =148Vt 27V
Regline |Line Regulation 2 V) = 14.8V to 30V, lg = S500mA = 100 120 mv
V=18V to 22V - 4.0 120
T;=+25'C |V,=145Vw027V - 100 120
V=16V to 22V - 3.0 60.0
Regload |Load Regulaton 2 T,=+25'C, ln= 5mA 1o 1.5A = 120 | 100 | mv
la=5mAto 1A - 120 100
lo = 250mA 10 730mA - 50 50.0
la Qulescent Current T,=+25'C - 51 €0 mA
Alg Qulescent Current Change |l =5mA 1o 1A - - 05 mA
V=14V to 27V, Ig = S00mA - - 08
V, =15V to 30V, T, = +25°C - - 08
AV/AT | Output Voltage Drifd®! lo=5mA - -1.0 = mv/*C
Va Output Nolse Voitage f = 10Hz 10 100%kHz, Ty = +25°C - 100 - wVNg
RR  [Ripple Relection’™ f= 120Kz, ln = S00MA, - 80.0 - a2
Vi =14V to 24V
Vpaes | Dropout Voltzge lo=1A, T =+25C - 20 - v
o |Ouput Resstance ™  |f= 1kHz = 180 = mi2
lse Short Circult Current V=35V, Ty =+25'C - 250 - mA
I | Paak Current® T,=+25'C = 22 = A
Note:

29 Loed and line reguiation are specified at conatant juncton temperaturs. Changes n Vs due to heating effects must
be taken into account separately. Puise testing with low duty is used.

30. These parameters, aithough guaranteed, are not 1003 tested In production.
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Electrical Characteristics (LM7815A) (Continued)
Refer 1o the test clrouts. 0°C <« T, < 125°C. 15 = 1A, V; = 23V, C, = 0.33uF, Cy = 0.1pF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo |Output Voltage T, =+25'C 1475 | 150 153 v
Ia=5mA1D 1A, Py < 15W, 144 15.0 158
V,=17.7V to 30V
Regine | Line Reguiation"! V) = 17.4V 10 30V, I = 500mA = 100 | 150 | mv
V=20V to 26V - 50 150
T;=+25'C |V, =17.5V 10 30V - 1.0 150
V=20V to 26V - 30 75.0
Regload |Load Regulation®" T,=+25'C, In = SmA to 1.54 - 120 100 mv
lo=5mAto 1A - 12.0 100
la = 250mA 1o 750mA = 50 50.0
la Qulescent Current T,=+25'C - 52 60 mA
Alg Qulescent Current Change | lo = SmA 1o 1A - - 0s mA
V;=17.5V 10 30V, Ig = S00mA - - 08
V, =175V 1030V, T, = -25°C = - 08
AVoAT | Output Voltage Orft®® |in = SmA = 1.0 S T
Vi Output Nolse Voitage f = 10Hz 1o 100kHz, Ty = -25°C - 10.0 - uViVg
AR |Ripple Rejection =) t= 120Hz, Ig = S00MA, - 56.0 - o8
V=185Vt 285V
Vpao= |Dropout Voltage la=1AT;=+25'C - 20 - v
o |Output Resistance f=1kHz - 10.0 - m&2
lse Short Circult Current Vi =35V. T, =+25'C - 250 - mA
I | Paak Current® T,=+25'C = 22 = A

Notes:

31. Loed and line reguiation are specified at conatant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Puise testing with low duty is used.

32. These parameters, aithough guaranteed, are not 1003 tested In production.

LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7818A) (Continued)
Refer 1o the test clrouts. 0°C <« T, < 125°C. 15 = 1A, V; = 27V. C, = 0.33uF, Cy = 0.1pF, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Vo |OutputVoltage T,=+25°C 1764 | 180 | 1835 v
lo=5mAto 1A Py s 15W, 17.3 180 18.7
V=21V 10 33V
Reaine | Lne Reguation = V; =21V 10 33V, Io = 500mA = 150 | 180 | mv
Vy=21V 10 33V - 5.0 180
T,=+25°C |V,=20.6V to 33V - 15.0 180
V, =24V to 30V - 5.0 200
Regload |Load Regutaﬂon'?’-’ T,=+25°C. lo=5mA to 1.5A - 150 100 mV
lo=SmAto 1A = 150 100
lo = 250mA to 750mA = 7.0 50.0
o Quieacent Current T,=+25°C - 5.2 5.0 mA
Alg Quieacant Current Cnange [lg=5mAto 1A - - 0.5 mA
V=12V 10 33V, Ig = S500mA - - 0.8
V)= 12V 10 33V, T, = +25'C - - 0.5
AVoAT | Outout Voltags Orfte®  |1g = SmA Z S0 — | mvrc
Vi Output Noise Voltage f = 10Hz to 100kHz, Ty = +25°C - 100 - uViNg
RR | Ripple Rejection™ f= 120Hz, lp = S00mA. - 57.0 - B
V, =22V 10 32V
Veepe | Dropout Voltage lo=1A.T =-25°C . 20 - v
o Output Realstance* f=1xHz = 19.0 = mQ
lea Snort Circult Current V=35V, Ty =-25°C - 250 - mA
I« | Peak Cument®™ T,= +25C = 22 = A
Notes:

33. Load and line reguiation are specified at conatant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Puise testing with low duty is used.

34. These parameters, aithough guaranteed, are not 1003 tested In production.

LM78XXLM78XXA Rev. 1.0
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Electrical Characteristics (LM7824A) (Continued)
Refer 1o the test clreuits. 0°C < T, < 125°C, Ig = 1A, V, = 33V, C, = 0.33uF, Cg = 0.1pF, unless atherwise specified.

Symbol Parameter Conditions Min. Typ. | Max. | Units
Vo  |Output Voitage T, =-25'C 235 | za0 | 245 v
In=5mAto 1A, Py € 15W, 230 | 240 | 250
V,=27.3V10 38V
Regine | Line Reguiation = V,= 27V to 38V. Ig = S00mA = 180 | 240 | mv
V, =21V to 33V - 50 240
T,=-25'C V,=26.7Vto 38V - 18.0 240
V=30V to 36V - 8.0 120
Regload | Load Reguiation T.= -25'C, lo= SmA 10 1.5A = 150 | 100 | mv
lo=5mA to 1A - 150 | 100
lo = 250mA to 750mA - 7.0 50.0
la Qulescent Current T ,=+25'C - 52 6.0 mA
Alg Qulescent Current Change |lg = SmA to 1A - - 05 mA
V,=27.3V 10 38V, Iy = 500mA = = 08
V,=27.3V 1038V, T, = +25°C = = 08
AVoAT | Output Voitage Driff®8 | ig = 5mA = 15 S P
Vi Qutput Nolse Vo'tage f=10Hz to 100kHz. Ty = +25°'C - 100 - wVig
AR |Ripple Rejection > 1= 1201z, lg = 500mA, - | sa0 | - o8
V, =28V w038V
Vosos |Dropout Voltags lo=1A,T,=+25C - 20 - v
o |Output Resistance™ 1= 1khz — | 200 | - | ma
lge 8hort Circult Current V=35V, Ty =+25C - 250 - mA
I |Peax Cument™ T,=<25'C = 22 = A
Notes:

35. Load and line reguiation are specified at conatant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Puise testing with low duty is used.

35. These parameters, aithough guaranteed, are not 1003 tested In production.
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Typical Performance Characteristics
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Typical Applications

c.—-[—" LM78XX —l—o

Input Output

[o} z Co == 0wpF
‘|‘n.3:m;

Figure 7. DC Parameters

1 3
' O
Inpit L7aXX Output
2 AL 2700F
— K
A 2Ng121 v | ‘ v
= 0.33F orEQ ppAA O% =508
O -0
-

Figure 8. Load Regulation

510 4 a
O A LM78XX O
Input Output

470uF

120Hz +

Figure 9. Ripple Rejection

22 www.aircniidsemicom
LM78XXLM78XXA Rev. 1.0

Jolenboy abeyop amusSod Vi |eulwIal-E YXXB8LWT/XX8LN



4 Lmrzexx
Input Output
C z
-l—O.:leF
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Notes:

1. To specify an output voltage, substitute voltage vaiue for “XX" A common ground is required between the input and the
output voltage. The input votage must remain fypically 2.0V above e cutput voitage even during the low point on the input
ripple voltage.
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Figure 12. Circuit for Increasing Output Voltage
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Figure 19. Switching Regulator
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Mechanical Dimensions
Dimensions In millimetars

TO-220 [ SINGLE GAUGE ]

1.51) ==

2.5

- 1%
B—‘__;&gv X | _oag __&_
|
f!\ 1 - I
1/ ] - e 1909
. | I .
- — 1340
:gg _r—»—'" 1”9
{ =\,=
|
HHEHEH ( 3 1
I 635 MAX 53: 2_
|
| -
70
|
L v v

1,78
ni
1.02
0.8

(@] @[] Q)

|__ 282
z03

NOTES: UNLESS OTHERWISE SPECIFIED
A) REFERENCE JEDEC, TO.220, ISSUEK,
WARITION AB. DATED APRIL, 2002
B) ALL DINENIONS ARE IN MILLINETERS,
C) DINONSIONING AN TOLERANCING PR
ANSE Y185 -1973
D) LOCATION OF THE FIN HOLE MAY VARY
(LOWER LEFT CORNER, LOWER CENTER
AND CENTER OF THME PACKAGE |
S NOT COMPLY JEDEC STANDARD YALUE,
* DIMENSIONS REPRESENT LIKE 68 LOW:
SINGLE GAUGE = 0,51 - 081
DUAL CAUGE 4 - 140
G) DRAWING FILE NAME: TOZ2090GREVE
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