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Abstract

This thesis presents a project in which an inirusion alarm system was devised by
making use of a magnetic switch and a beam detector. The project was inspired by the idea to
prevent crime refated to household intrusion, .g. thefl, physical attack, and vandalism. In present,
people rarcly equipped their houses with an intrusion alarm system because they thought that the
system was costly or they overlooked its necessity. In this project, an inexpensive inlrusion alarm
system was designed and a corresponding model was constructed. The model of the devised
alann system consists of a detector circuit that examines a close/open status of the doors via the
magnetic switch and displayed the status through a signal LED. The magnetic switch is composed
of a reed switch and a permanent magnet. Moreover, the model also includes the laser-beam
detector circuil that checks whether the windows are passed through. The output voltages from
the aforementioned detector circuits were fed into a microcontroller. In case that the intrusion
occurred, the alarm was sounded via a speaker and a signal LED. The alarm could be turned off

by means of a combination code of push-button switches.
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MicrocHiP PIC16F627A/628A/648A

18-pin Flash-Based, 8-Bit CMOS Microcontrollers
with nanoWatt Technology

High-Performanca RISC CPU:

+ Operating speeds from DG - 20 MHz
« Intenmupl capablity
» B-level deep handware siack
- Direct, Indirect and Retafve Addressing modes
+ 35 single-word Instruciions:
- Al instructions single cycle excepl branches

Speclal Microcontreller Features:

Intemal and extemal oscillator oplions:

- Precision Intemal 4 MHz oscllfalor tactory
calibraled to +1%

- Low-power internat 48 kHz oscillator

- BExiemal Osclllator support for crystals and
resonators

« Power-saving Sleep mode

Programmable weak puti-ups on PORTB

+ Muttiplexed Master Clearfinput-pin

- Walchdog Timer with Independent oscillator for
rellable operation

+ Low-vollage programming

+ In-Circudl Sertal Programming™ {via two pins)

« Programmable code proleclion

« Brown-oul Resel

- Power-on Resel

+ Power-up Tamer and Oscitlator Starl-up Tmner

+ Wide operaling vollage range (2.0-5.5v)

+ Induslrial and extended lemperature range

Low-Power Features:
+ Slandby Cumrent
- 100 nA @ 2.0V, lypical
+ Operaling Cuarent:
- 12 pA @ 32 kHz, 2.0V, lypical
- 120 pA @ 1 MHz, 2.0V, typlcat
+ Walchdog Timer Current:
- 1pA @ 20V, typical
+ Tamer1 Oscillator Curent:
- 12 pA @ 32 kHz, 2 0V, typlcal
+ Dual-speed Intesnat Osdiliator;
- RunHime seleclable between 4 MHz and
48 kHz
- 4 ps wake-up from Sleep, 3.0V, lypical

Peripheral Features:

+ 16 VO pins willt individual direction controf

« High current sink/sowrce for direct LED drive

Analog comparator module with:

- Two analog comparalors

- Programmable on-chip voftage reference
(VREF) module

- Seleclable Internal or exiemnal releence

- Comparator oulputs are exlemally accessible

« Tuner0; B8-bit tmer/counter with 8-bil
programmable prescaler

= Tmer): 16-bR Umer/cotinter with external cryslaly
dlock capabiity

- High-Endurance FlashvEEPROM cell = Timer2: 8-bit tmerfcounter with 8-bit period
- 100,000 wrile Flash endurance register. prescaler and posiscaler
- 1,000,000 write EEPROM endurance * Capture, Coinpare. PWM module:
- 40 year data retention - 16-bit Capture/Compare
- 10-bit PWM
+ Agdressable Universal Synchronous/Asyndhronous
Receivet/Transmitler USART/SCH
Pr
Momory | DataMemory ccp Timers
Device Flash SRAM | EEPROM | = | (Pwm | USART | COMPAIION | gryg gy
{words) (bytes) {bytes)
PICI6F62TA 1024 224 128 16 1 Y 2 21
PIC16F 628A 2048 224 128 16 1 Y 2 /sl
PIC16F648A 4096 256 256 16 1 Y 2 a1

£ 2005 Mitrochip Tethnology Inc.
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PIC16F627A/628A/648A

Pin Diagrams

—e]]

0

Vﬂ—bj:
VL el
RBYINT a—e[{ 7

RBURXDT = 5

REBATHCK a—afl g
REXNCCP1 w—al]1p

PDIF, S0IC
o
RAZAbRNrer+——{ | 1 18 RAHAN
RANANICHP1+—[] 2 17[J+—= Raan0
RATOCKICMPZ +~——] ] 3 16—+ rAMOSCUGLIGN
RASIACLRVee ——+{] 4 15| o~ RABIOSCACLKOUT
Vss—o—’ 3 5 14 |~——Vw
RBWNT «—[| 6 E 13 J+—= RBTF1051PGD
REURXDT+——| 7 g 12[}+— resTIOSOMICIAPGE
RB:zrrxm(-—.[ 8 1 ]d—hRBS
AsxocP1«——f| 9 10}« —» RBUPGM
S50P g 28-Pin QFN
gc »
2903 88 gy
o é I
233880080 £%% %%
BN =a
L 338 38
AR [lelle
RASHICIRNre— 10 0 & & 3 R A,
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PIC16F627A/628A/648A

e e

18-Lead Plastic Dual In-line {P} - 300 mil Body (PDIP)

F‘—EI—-—

M

R T T T T v T AT
(=)

£ Y fh i g

I o
-
E

= TE 1
= S, YL

eB
Units IHCHES" MILLIMETERS
Dimension Limits | MIN__ | NOM | MaX Mt ] nom | MAx

Nurmber of Pire n 8 18
Fiteh [ 100 254
Top I Seafing Piane A 140 155 D 15 194 432
Malded Package Thickness A2 15 130 145 292 330 168
Base o Seating Planc At nis 0.35
Shaulder ko Shoutder With E 300 313 3% 762 794 [
Naided Package Width El 240 250 260 6.10 6.35 6.60
Overal Length D B9 £98 905 2261 2260 299
Tip Ip Seating Plane L 125 130 RES 315 3730 i3
Lead Thickreess c D03 012 015 020 029 0.38
Upper Lead Width Bl 045 058 o7 1.14 1.46 178
Lower Lead Vidth B 014 018 022 03 046 056
Overall Row Spacing 5§ [ed 310 70 430 7.87 940 10.92
Mokl Draft Angle Top a 5 10 15 5 10 15
Mold Drall Angle Boltom ] 5 1¢ 15 5 10 15
* Conkolling Parameter
§ Sendicant Characderiatic

Holes:
DimDNEIdomtmd\ﬂenﬂdﬂashum.mmorpmﬂnlnaexmd
107 (0254nw) pex side.

D540044D-page 164 & 2005 Microchip Technology lnc.
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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

s« WIDE GAIN BANDWIDTH : 1.3MHz
= INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND
= LARGEVOLTAGE GAIN: 100dB
« VERY LOW SUPPLY CURRENT/AMPLI : 3750A
= LOW INPUT BIAS CURRENT : 20nA
= LOWINPUT OFFSET VOLTAGE : 5mV max,
{for more acarae appications, use the equivalent parts
LIAN24A- LM224ALMI24A which feature 3mV max)
= LOW INPUT OFFSET CURRENT : 2nA
o WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES : +1.5V TO +15V

N D
DiP14 $014
{Plastic Packags) {Flastic Micropackage)

*

P
TSSOP14

(Thin Shrirk Small Cutline Package)

DESCRIPTION ORDER CODES
Thpsn_a circuits consist of four independent,‘high Part Temperature Package
gain, intemally frequency compensated operational Number Range N b P
amplifiers . They operate froma single power supply

. : LM124 -55°C, +125%C . . .
over awide rangeof voltages. Operation from split LM224 AIPC. +105°C . . .
power supplies is also possible and the low power ’
supply current drain is independent of the magnt- LM3z24 0°C. +70°C : * *
lude of the power supply voltage. Example : LM224N
FIN CONNECTIONS (top view)

NNl
Qwiput | 1 E ! I 14 Output 4
lovertlog Inpmt 1 2 E ' l :I I3 Inverting Input 4
i
Non-laverting Input 1 3 E :l 12 Non-inverting Input 4
o+ 4 [: ] 11 vee-
Non-inversting Inpm1 2 5 E]> :I 10 Non-nverting lnpui 3
Inveding Inpmz G E i :' 9 lnverting Inpwi 3
Oupn 2 7 E—* ——“j 8 Output 3

June 1993 1714




LM124 - LM224 - LM324

SCHEMATIC DIAGRAM (1/4 LM124)

Invertng
inpu t

Non-lavering

s

‘E%C
4,.AGD 100p®
-

input Oulput
|
——— Qi+ Q2
Q8 Qo D
7 7 w7
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter IM124 | Lm224 |  (m324 Uait
Ve | Supply Vollage +16 or 32 v
Vi Inputl Yoltage _ D30 +32 . v
Vi Difterential Input Volage - (‘) +32 i +32 +32 v
Pux Poveer Dissipation N Suffix 500 500 500 mw
0 Suffix - i 400 400 mW
- Outpul Shortcircuit Duration - (nofe 1) Infinite
I Input Current — {note 6) 50 50 50 mA
Teper Qperating Free Air Temperalure Range -55 1o +125 | 40to +105 0 fo +7/0 °C
Tog Storage Temperalure Range 65to +150 | 65to +150 | -65to +150 °C
214 &r




LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS
Vee® = +5V, Vee™ = Ground, Vo = 1.4V, Tame = +26°C {unless otherwise specified)

L1234 - L M224 - 1 M324
Symbol Parameter ] Unit
Min. | Typ, | Max,
Vi [nput Offset Vohge {note 3) myY
Tans = +2 2 -]
LM324 7
T £ Tamts S Trnan. 7
(LM324 9
I Inpud Difset { nA
? P o i o 2 30
T, € Tote < Tinax. 100.
} | Bias Cuerent (note 2 nA
" npul“b = +25°C ¢ ) 20 150
T, € Tamdy < T 300
A Vi VimV
wrg?_% g:agzm Vo = 1.4V (0 11.4v)
Tams = &250 50 100
) T < T < Tm ) 25 )
SVR Supply Voluge Ratio (Rs < 10k{1) dB
Ve = 5V io M\il
Tams = +25°C 65 110
Tnm. < Taib < Tm 65
lee Sy Currsnt all Amp, no load mA
s = +2 Voo = +5Y 07 1.2
Vg = +30V 15 3
Tmh. 9 Tnb = Tmm VCC = +5Y 08 1.2
Voo = +30V 15 3
Ve Common Moda Volla Ra v
e (T: ‘m nol ge Hange
0 Vee -1.5
TII\IL S qub ﬁ Trmax, 0 Veg -2
CHMR Common-mode Rejection Ralio (Rs < 10k} a8
Tams = +25°C 0 80
Tmin. € Tamb S Tenax 60
L3\ Oul Currenl Source gl = +1v) mA
AN oe = +16Y, Vo = +2V S - S ' S
[ Sink Cumrent = -1
- B = 15V, vy N 10 20 mA
o Ve e Vs 2 )80 4 kA
3!14

e




LM124

- LM224 - LM324

ELECTRICAL CHARACTERISTICS (continued)

LM124 - LM224 - LI 4
Symbol ~ Parameter 2 2 M32 Unkit
Min. Typ. Max.
Vou h Level Outpul Vollage v
ea = 1'30\’15“
Tah =+25°C Ry = 203 26 27
fn\h. ST < Tuu' 26
Tawgy = 425°C Ry = 10k2 27 28
Tlli'll— 5 Tnb £ Ternax. 27
(Vec = 15V, = 2K
Tem = #26°C 35
T S Tamb S Trpae 3
Vou Low Level Output Vollage (R = 10k(2) mv
Toms = $25°C. 5 20
Tm'n. < Tmb -4 Tm.n 20
SR Slew Rate Vips
Ve = 15V, V, = 050 3V, R, = 2k, G = 100pF,
unity gain) 0.4
Gap Gan Bandwidth Product MHz
Voo = 30V, f = 100kHz, V¢ = 10mV
R =20, G_= 100pF 1.3
THD Total Harmonic Distortion %
= 1kHz, Ay = 2048, Ry = 2k, Vo = 2V
Gy = 100pF, Vec = 3OV 0015
ep Equivalent Input Noise Voltage ov
= 1iHz, Rs = 1006, Vo = 30V 40 YAz
0V, Input Offsat Volage Diif . 7 30 BVFC
Diio npat Offsel Current Drift 10 200 pArC
VoiNo2 | Channel Seraratim {note 5) dB
1kHz < { 5 20kHz 120
Hotes : 1. Shorl-circuils from the output to Vo can cause sxcessive healing i Yoc » 15V, The maximum output current
is approximalely 40mA indepondent of the magnilude of Voo Deatructive di asipation can resull from almulin-
neous shoil-circoil on afl amplificis.

2. Tha direclion of the inpul current is gu! of 1ha IC This ctarem s evsanbially conalant, independent of the stats
of lhe oulpul 90 no loading change exisls on the ingul fines.

3 Vo= LAV, Ry =00, 57 < Ve <30V, 0 <y < Vo - 1.5%

4. The Input common-mode voltage of either input signal voltage should nol be altowed lo o0 negalive by more
than 0.3V. The uppar end of tha common-mode volage range 12 Ve - 1.5V bul ellher ar bolh Inpuie can go
to «32V without damage

% Dud o the proximity of external compeonents inswe 1hat coupling is nol originating via atray capacilance be.
iween these externel parls. This typically con be delccled a3 this type of capaciance incieases at higher fre-
quences.

6. This inpol current only Bxisis when Lthe vollage at any of the input ieads Is drivan negaliva. It I8 dua to the
callaclor-bass [unclion of the Inpul PHP Iransisior becoaming forward bisasd and Iheraby acling as inpdat di-
odes clémps, In wddition o this diods aclion, there is also HPH parasilic aclion on Ihe 1C chip, this Irensister
aclion can cause ihe oulpui voltsges of the Op.amps to go 1o the Voo woltage level (or lo ground for & large
overdrive) lor the lime doration than an input is driven negalive.

This is not deattuclive and normal oulput wiil set up again for inpul voitage higher than -0.3Y.
4114 173




LM124 - LM224 - LM324
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

—
!
H - b
b B L]
Z 1 E
= ] 4
|
1}
i
’ e A o O o
] 8
1 7
L1 L1 LT 7T 1 T
J 4 Millimeters Inches
Dimensions
Min Typ. Max.. Min. Typ Max
al 051 0.020
B 1.39 1.65 0.055 0.065
b 05 00620
b1 025 0.010
D B d , 20 0.787
E 85 0.335
e 254 0.100
2X] $5.24 0.600
F 7.1 0.280
i 5.1 0201
L 33 0.130
Zz 127 254 0.050 0.100

1214
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void alarm(void) ;

main ()

{
TRISB = 0xFC

PORTB.F1 =0
while (1)

{
while (PORTB.F2 == 1)

{
while (PORTB.F3 == 1)

{

alarm ()
}
}
}

}
void alarm (void)
{
int 1

PORTB.FI = 1

for(i=0;i<500;i++)

PORTB.FO =1
Delay us(500)
PORTB.FO=0

Delay us(500)
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PORTB.F1=0

for(i=0;i<250;i++)

{
PORTB.FO =0

Delay us(1000)
}
}
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void beep{veid) ;
main { }

{

in€t timel,time2

TRISB = 0xF0

white(1)
{
PORTB.F1 =0
PORTB.F2=0
PORTB.F3 =0

while(~PORTB.F4&PORTB.F5&PORTB.F6)

{
PORTB.FI = |

PORTB.F2 =0
PORTB.F3 =0

for (timel =0 ;time1<20000:time [ ++)

while(PORTB.F4&--PORTB.F5&PORTB.F6)

t
PORTB.F1 = |

PORTB.F2 =1
PORTB.F3 =0

for {time2 =0 ;time2<10000;time2+ 1)

46

s Usenw@ands timel, time2
;fMvua RBO #aRB3 uduwe
-~ s

taz RB4 B3 RB6 Whuemina

UM STNUADEAN

- f111ua RB1 1Huaesn o

: 1MMUa RB2 1Wuasin o

- fIMue RB3 (Juaodn 0

- A329991 RB4 (Huaevn 1 uaz
o] -y ]

RBS, RB6 11ua090 0 dunI19ziiy

o
M

; fviua RBI 1duaetn |

- MyuA RB2 thiaodn o

. M uA RB3 (ifuaodn 0

SR timel — 0 waz I
fimerl $192 1 9Un31 1 < 20000 11y
Mo

. @379021 RB4, RBS (iluaadn |
uaz RB6 1thiandn 0 sundvziiiy

o
N9

- 1MuA RB1 1Hluaodn |
@ =1 =
: YUA RB2 nhianvn!
- fua RB3 1luasin o
C AMUA time2 = 0 vaz T M
timer2 DAz 1 34N I < 10000 11hi

o
ma
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{
while(PORTB.F4&PORTB.F5&-PORTB.F6) ;@379d01 RB4, RB5 nfluaa?ml

Woz RB6 1uaedn 1 suninziiy

mo
{
PORTB.FI = | . fmua RBI hiaesn |
PORTB.F2 = | . fimua RB2 Whuaoini
PORTB.F3 = | . fMua RB3 tuaning
Delay_ms(1000) ; M998 1000 9
}

}
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