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ABSTRACT

The concept of this project was to support electricity saving by using cheap and
simple technology. The microcontroller PIC 16F877 was the processor unit which decide or
analyze the data from passive infrared sensor (PIR).The operation principle was when the
human movement in the area where the sensor was installed. The sensor would send &
signal to microcentroller. Then the microcontroller would automatic turn on the light.
However if the sensor failed to work the microcontroller would automatic turn off the light.

The lamps control system had 4 channels, supporting load not exceed 800 watts,

controlled by remote control with time delay 1-5 minutes and time setting.
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4. e awnssaduwy Flash e 8 flalida (1 (G5e=14 fs)

5. fusnetsn 368 ludl & EPROM 1o 256 1o

6. LAt AwAR STl Fmae 14 unds

7. Stack Tl4lAgeqm 8 sedin

8. H9U1 Power On Reset, Power Up Timer, Oscillator Start-up timer

9. Watchdog timer & Timer/Counter 3 #1

10. f5¥110 Code Protection

11, dynoanRmivesa bkiden¥ou fa a1marld XTAL w3e 2983 RC 161
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MICROCHIP

PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Microcontroller Core Features:

+ High-performance RISC CPU
Only 35 single word instructions to learn
All single cycle instructions except for program
branches which are two cycle
+ Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

Up 10 368 x 8 bytes of Data Memory (RAM)
Up {0 256 x 8 byles of EEPROM data memory
» Pinout compatible to the PIC16CT3/74TET7

Interrupt capability {up to 14 internal/extsrnal
interrupt sources)

Eight levei deep hardware stack

+ Direct, indirect, and relative addressing modes
+ Power-cn Reset (POR)

Power-up Timer (PWRT} and

Osciliator Start-up Timer (OST)

Watchdeg Timer {WDT) with its own on-chip RC
oscillator for reliable operation

Pragrammable code-protection

Power saving SLEEP mode

Selectable osciliator options

Low-power, high-speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ via two pins
Only single 5V source needed for programming
In-Circuit Debugging via two pins

+ Processor read/write access to program memory
+ Wide operating voltage range: 2.0V to 5.5V

» High Sink/Source Current: 25 mA

+ Commercial and industrial temperature ranges
» Low-powsr consumption:

- <2 mA typical @ 5V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

Up fo 8K x 14 werds of FLASH Program Memory,

‘.

Pin Diagram

PDIP

LR v THY =[] 1 U 401 s rB7TPGD
RAKAND a— [] 39 [] »—e RBEPGC
RALANY e [7] 38 [ -w-w AB3

RAZANZVSEF - —a—ae ] 37 [ w—w AB4

RAVANAVIEF e ] 35 [ e REAPGH

RALTECKS e [] [ <-em 282
RA51AN4TS == [ 34 [] w—s RE1
REDHD/ANG e [] 33 [] = RBOINT
REARANE =— [ 32 [ -— vou
REZTEANT w—w [] 31 [] - vss

VOO e [] D[] -~ RD7PSPT

VE3 e [ 29 [] +—= RDEFSPS

CBEABLKIN o [[] 25 [ s ROGPSPS

OSCUCLKOUT ateen [ 27 [ s AD4FSPL

RCHTiCSOTICK! w— [ &[] =—s RCTRXDT

RCAT108ICCPZ - [ 4 25 [] e RCETXICK

RCZCCP e [ 24 [ s RCSSOC

RCZSCKECL et [ [l w—n RCASDIEDA

RDGFPEPI = [ 22 [1 w— RDIPSPI

RO1/PSPY w—e [ 20 21 [} = RDZPSR2

[V P L ST XY
%)
@

b

¥28/2/849101d

o
3
iz

o W E
o
]

Peripheral Features:

Timer0: 8-bit timer/counter with 8-bit prascater
Timer1: 16-bit timer/counter with prescaler,

can be incremented during sleep via external
crystaliclock

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

Two Capture, Compare, PWM modules

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

+0-bit mutti-channel Analog-to-Digital converter
Synchranous Serial Port (SSP) with SPI™ (Master
Mode) and I2C" (Master/Slave)

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

Paralle] Siave Paort (PSP) 8-bits wide, with
extarnal RO, WR and TS controls (40/44-pin only}
Brown-out detection circuitry far

Brown-out Reset (BOR)

& 1998 Microghip Technalogy Inc. Pretiminary DS30292A-page 1
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PIC16F87X

Pin Diagrams

DIP, SOIC
WETENVesmHy —= [1° 1 ~ 28] = RB7PGD
rRapang =[] 2 27] = RBG/FGC
RavaNt =[] 3 - 26[] == RB5
RA2/AN2VREF-~—[] 4 M~ 25[] «—= RB4
RAXANIVRESs ~—=[] & @ 24 == REIPGM
RAATOCKI =+ [ & - 23[] =+ RrB2
RABIAN4/SS == ] 7 i 22[] = RB1
vz L[] 8 ] 21[] == RBO/NT
osclCLKIN—[] © ) 20{] =— voo
oscaicLkouT -—[] 10 T 190 ~—vss
RCOT10SQT1CKI =[] 11 18[7] == RCZRN/OT
RCUTI08ICERP2 =— []12 17[] = RCETH/CK
RC2CCP1 ==+ []13 16[] == RC5/SDO
RCI/SCKSCL+— []14 15[ === RGAISDVSDA
L =
@ g E
sZ.of oo
2328 29
PLCC S3z98,.58830
CrErEerrerz
RAATOCK] w5 3010+ RBIPGM
RASANAISS o o g 3800 ~— RB2
REORD/ANS <o 370] = RA1
RETAWR/ANE ] 19 [] = RAQ/NT
REZICS,’tr;; 011 PIC16FB77 350 -— voo
w4 4] -— Vst
vss v PIC16F874 -7 povpser
OSCHCLKIN — ] 47 33« RD&/IPSPE
OSCACLKOUT g0 42 21] «— RDS/PSPS
RCOTIOSOTICK! <o 18 30f] +—» RD4/PSP4
NG Ty o 267] e RCTRXDT
R R
Y O ) O
o™
2 P
-
& o Q mw_lcwmnggxu
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Solpuzern? g828590082"
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HHHHHHHHHH
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< MM m )
RCT/RX/OT eI 1 NG
RD4/PSPs 32O = RCUTIOSOTICKI
RD5/PSPS F1HIO—  OSC2/CLKOUT
ROS/PSPS 30MET-—  GSCI/CLKIN
RO7IPSPT PIC16F877 9T -~ VS
Va5 g -— Vop
e PIC16FB874 27w+ REANTCS
RBONT =TT 8 26— RE1/ANB/WR
RB1 2513 ==  REOANSRD
RRZ? =—=[=TT] 10 Z4IT 3= RASANS
REWPGM ~—w LI 11 o o B3T3 RAUTOCK)
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PIC16F87X

. — m— e S—
Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F3TT
Manual (D$33023)
QOperating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memory 4K 4K 8K 8K
(14-bit words}
Data Memory (bytes) 192 192 368 368
EEPROM Data Memary 128 128 268 256
Interrupts 13 14 13 14
!0 Ports Ports AB,C Ports A,.B,C.D.E [Ports AB.C Ports A,B.C,D,E
Timers 3 3 3 3
Capture/Campare/PWM modules 2 2 2 2
Seriat Communications MSSP, USART | MSSP, USART [MSSP. USART |MSSP USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5input channels } 8 input channels | 5 input channels | 8 input channels
Instruction Set 35 Instructions | 38 |Instructions J 35 Instructions | 35 Instructions
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PIC16F87X

—— — — T i —
FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Device Program Data Memory | Data EEPROM
FLASH
PIC16F874 4K 162 Bytes 128 Byles
PIC18FB77 8K 368 Bytes 256 Bylas
_:3 5 ol . Data Bus B, PORTA
ot Program Counter s et T s
FLASH {Program Counter | ’ 4 RAGIAND
Progrem ) g Favan
Memnry n RAM H N | RAZIANZ
8 Level Stack Fila : |4 RAJIANINREF
{13-bit) Registers -4 RAATGCKI
: ! RASIANLISS
Program - : FOR
Bus -.;: RAM Addr (1} {( g 'TB REOANT
ol : RE2
| Direct Acgr 7 ; Indiract s RB3/PGM
; TSGR ! il ) ey
| RB5
| RB&PGC
b RB7/PGD
PORTC
. » RCOTTOSOTICK]
- | RCUTIOSI/CCP2
e RC2/CCPY
Paower-up I RC3/SCKISCL
B Timer | RC4/8DIFSDA
Instrugton | Cscillator [ RCH/SDO
Decads & F7 ] | Start-up Timer RCB/TX/CK
Controt Powar-on RCT/IRX/DT
Raset PORTD
Timing B Watchdog
| Ganeration [~ Timer
OSC1CLKIN Brawn-cut
O3C2/CLKaUT Reset ‘ E RO7/PSP7.RDOPSPD
In-Circuit
Debupger
Low-Vollage
Progremming Parallel Slave Portf PORTE
é 4[] REG/ANSRD
: 4= RE1/ANGWR
NCLR Voo, Ves : 4= RE2ANTICS
|
Timerd Timert Timerz2 10-bit AD |
Data EEPROM Synchronous
cer2 Serjal Port USART
Nots 1. Higher order bits are from the STATUS register.

Ds30282A-page 6 Preliminary % 1998 Micrachip Technology Inc.
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TABLE 1-2 PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
DIP | PLCC | QFP (liO/P Buffer

Pin Name pink | Pin# Pin# | Type Type [Descriptlon

OSC1/CLKIN 13 14 30 } ST/ICMOS™ | 0scillater erystal input/external clock source input.

OSC2/CLKOUT 14 15 31 o] — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKQUT which has 1/4 the frequency of ©SC1, and
denotes the instruction cycle rate.

MCLRVPRITHY 1 2 18 1P sT Master clear (reset} input or programming voliage input or
high voitage test mode control. This pin is an active jow
raset ta the device.

PORTA is a bi-directional /O port.
RAOD/AND 2 19 I{e] TTL RAQ can also be analog inputd

RA1/ANT 4 20 1o TTL RA1 can also be analog inputt

RAZ/ANZVREF- 5 21 f{e] TTL RAZ ¢an also be analeg input? or negative analog ref-

erence voltage

RAZ/AN3IVREF+ 5 8 22 f{e] TTL RAJ can also be analeg input3 or positive analog refer-

ence vollage
RA4/TOCK) ] 7 23 110 sT RA4 can also be the clock input 1o the Timerd timear/
counter. Output is open drain type.
RAS/SE/AN 7 a 24 | /10 TTL RAS can also be analog input4 or the siave select for
the synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be software
programmed for infernal weak puli~up on all inputs.
REO/INT 33 36 8 o | TTUSTM RBO can aiso be the external interrupt pin.
RE1 M 3v 9 l{e] TTL
RE2 35 38 10 #o TTL
RB3/PGM 36 39 11 WO TTL RB3 can also be the low voltage programming input
R84 7 41 14 {he] TTL Intersupt on change pin.
R85 38 42 15 o TTL Interrupt on change pin.
RES/PGC k]! 43 16 | WO | TTLST?® Imerrupt or change pin or [n-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 1 Wo | TTusT® Interrupt on chamge pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input 1 = cutput 11O = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmilt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2. This buffer is a Schmitt Trigger input when used in serial programming mode.
3. This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to & micropracessor bus).
4. This buffer is a Schmitt Trigger input when configured in RC oscillater mede and a CMOS input otherwise.

DS30292A-page B
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TABLE 1-2 PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (Cont.d)

DIP PLCC QFF | VOIP Buffer
Pin Name pimtt | Ping Pin# | Type Type Description
PORTC is a hidirectional IO port.
RCOM1OSOMICKI | 15 18 32 o sT RCO can also be the Timerl oscillator output or a
Timer1 clack input.
RCUTIOBICCP2 | 18 18 3B | o sT RGY can also be the Timer! osciliator input or
Capture2 inputfCaompare2 output/PWM2 autput.
RC2/CCP1 17 19 a6 | 1o sT RC2 can also be the Captureq input/Compare cutput/
PYWM1 output.
RC3/8CK/SCL 18 20 37 | W ST RC3 can also be the synchronous seria; ciock inputy
ouspurt for batn SPt and 2C modes.
RC4/8DI/SDA 23 25 42 | o 8T RC4 can also be the SPI( Data In (SPI mode) or
data O (12G mode).
RC5/SDO 24 26 43 [le] 8T RCS can alse be the SP| Data Qut
(SP! mode}.
RCE/TX/CK 25 27 4 | wo sT RCE can also be the USART Asynchronaus Transmit o
Synchronous Clock.
RCT/RX/DT 26 29 1 o] sT RCT can also be the USART Asynchranous Receive
Synchronous Data,
PORTD is a bi-directional /O port or paraliel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 3as | vo | stT®
RD1PSP 20 22 39 [ vo | sTATL®
RDUPSP2 21 23 40 { o | sTTL®
RDPSP3 ) 24 41 § 1o | sTATLI®
RO4/PSP4 27 30 2 1o 1 sTATL
RD5/PSPS 28 31 3 o | sTATL®
RD&/PSPE 29 3z 4 vo | sTaTL®
RD7/PSP7 30 a3 5 vo | sTaTL®
PORTE is a bi-directicnal VO paort.
REO/ROVANS 8 9 25 | 1o | sTaTLi®¥ REOQ can also beé read control for the paralief slave port,
ar analeg inputs.
RE1/WR/ANG 9 10 26 o | sTaTLe RE1 can also be write control for the parallel slave port.
or analog inputé.
RE2/TTIANT 10 1 27 | wo | sTaTLd RE2 can also he select conrol for the parallel siave
port, or analog input?.
Vas 1231] 1334 | 529 P — Ground reference for logic and I/C pins.
VoD 11,321 1235 | 7,28 P — Positive supply for logic and FQ pins.
NC - [1,17,28,] 12,13, —_ These pins are not internally connected, These pins should
40 33,24 be left unconnected,
Legend: 1=input O =output /G = inputioutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1. This buffer is a Schmitt Trigger input when configured as an external interrupt.
2:  This buffer is a Schmitt Trigger input when used in serial programming mode.
3:  This buter is a Schmitt Trigger input when configured as general purpose 1O and a TTL input when used in the Paratlel
Slave Port mode (for interfacing to 2 micreprocessor bus},
4. This buffer is a Schmitt Trigger input when configured in RG oscillator mode and a CMOS input ctherwise.

¢ 1998 Microchip Tachnology Inc. Prejiminary DS30292A-page 9



65

KYL BTA/BTBOS and T8 Series

SNUBBERLESS™, LOGIC LEVEL & STANDARD

8A TRIACs

MAIN FEATURES:

Symbal Value Unit
IT(RMS) B A
VDRMVRRM 600 and BOO v
kot (@) 5 to 50 mA
DESCRIPTION

Available either in through-hole or surface-mount
packages, the BTA/BTBO8 and T8 triac series is
suitable for general purpose AC switching. They
can be used as an ON/OFF function in
applications such as static relays, heating
regulation, induction motar starting circuits. .. or for
phase contrel cperation in jight dimmers, motor
speed controllers,...

The snubberless versions {BTA/BTB..W and T8
series) are specially recommended for use on
inductive loads, thanks to their high commutation
performances. By using an internal ceraric pad,
the BTA series provides voltage insulated tab

(rated at 2500V RMS) compiying with UL TO-220A8 Insulated TO-220AB
Standards (File ref.: E81734) {BTALS) (8TB08)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
IT(Rms)  |RMS on-state current (full sine wave) DPAK / D'PAK Te= 110°C
{PAK f TO-220A8 8 A
TO-220AB Ins. Te=100°C
rsm Non repstitive surge peak on-state F=50Hz t=20ms 80 A
current (full cycle, Tj initial = 25°C) FZo0Hz PP — a2
1 't Value for fusing tp =10 ms 36 A's
Criticat rate of rise of on-state current " _ 4ne
dl/dt lg =2 lgT . tr< 100 ns F =120 Hz Tj=125°C 50 Alps
lam Peak gate current tp=20us Tj=125°C 4 A
PG(AV) Average gate power dissipation Tj=125°C 1 W
Tsig Storage junction temperature range - 4010 + 150 c
TJ- Operating junction temperature range -401g + 125

Apnl 2002 - Ed: 5A

Mo
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BTA/BTB08 and T8 Series

ELECTRICAL CHARACTERISTICS (Tj = 25°C, unless otherwise specified)
= SNUBBERLESS™ and LOGIC LEVEL {3 Quadrants)

Symbol Test Conditions Quadrant Ta BTA/BTBO8 Unit
T810 | T835 ; TW sW cwW BW
lgT (1) - | MAX. | 1D 35 5 10 35 50 mA
Vp=12V R, =300
Var P=1- 110 | MAX. 1.3 v
Vap Vo=Vpry RL=33kQ| t-11-10 | MIN. 0.2 v
Tj=125°C
IH2) It =100 mA MAX. 15 35 10 15 35 B0 mA
i ig=1.2lg7 -1 MAX. [ 25 50 i0 25 50 70 mA
1l 30 60 15 30 60 80

= o)
dvidt(2) \Vp= 67 %Vpry gate open MIN. | 40 | 400 | 20 | 40 | 400 | 1000 | vius

Tj=125°C
(disdtyc (2) [(dvidiye =01 Vips Tj=125°C MIN. 5.4 - a5 54 - - Alms
(dvidt}e =10 Vius  Tj= 125°C 28 - 15 28 - -
Without snubber Tj=125°C - 4,5 - - 4.5 7
s STANDARD {4 Quadrants)
Symbo! Test Conditions Quadrant BTA/BTBOS Unit
I
c B
lgT (1) F=11-11 25 5C mA
MAX.
Vp=12V R =304 v 20 100
Var ALL MAX. 1.3
Vap Vip =Vpry R =3.3kQ Tj=125°C ALL MIN. 0.2 v
Iy (2) I+ =500 mA MAX. 25 50 mA
I lg=1.2lg7 I- -1 MAX, 40 50 mA
fl 80 100
dvidt {2) |Vp = 87 %Vpru gate open Tj=125°C MIN. 200 400 Vius
(dvidt)e (2) | {diidt)e = 3.5 A/ms Tj =125°C MIN. 5 10 Vips
STATIC CHARACTERISTICS
Symbol Taest Conditions Value Unit
Vi (2) lrg = 11A tp = 380 us Tj=25°C MAX. 1.55 vV
Vg {2) Threshold voltage Ti=125"C MAX, 0.85 vV
Rg (2) Dynamic resistance Ti=125°C MAX. 50 m
IpRM V =Vgr Tj=25°C 5 WA
D DRM RM : MAX.
IRRM Tj=125C 1 mA
Note 1: minimum {GT is guaranted at 5% of IGT max.
Hote 2: for bath palarities of A2 referenced to A1
2110 1<7;
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BTA/BTB0S and T8 Series

THERMAL RESISTANCES
Symbol Parameter Value Unit
Rth(}-c) Junction to case {AC) DPAK / D'BAK 16 “CW
(PAK } TO-220AB '
TO-220AB Insulated 25
Ringi-a)  [dunction to ambient S=1em’ DPAK 45 CIW
S8=05cm’ DPAK 70
TO-220AB 80
TO-220A8 Insulated
IPAK 100
S = Caopper surfaca undar tab
PRODUCT SELECTOR
Voltage (xxx)
Part Number Sensitivity Type Package
600 v 800V
BTA/BTBO8-xxxB X 50 mA Standard TQ-220AB
BTA/BTB108-xxxBW X X 50 mA Snubberless TO-220AB
BTA/BTBO8-xxxC X X 25 mA Standard TC-220AB
BTA/BTBOB-x0xCW X X 35 mA Snubberless TO-220AB
BTA/BTBD8-xxxSW X X 10 mA Logic level TG-220AB
BTA/BTBOB-xxxTW X X SmA Logic level TG-220AB
T810-xxxB X X 10 mA Logic level DPAK
T810-xxxH X X 10 mA Legic levei IPAK
T835-xxxB X X 35mA Snubberless DPAK
TB35-xxxG X X 35 mA Snubberlass D'PAK
TB35-xxxH X X 35 mA Snubberless IPAK
B7B: non insulated TO-220AB package
KYI 3110
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BTA/BTB08 and T8 Series

ORDERING INFORMATION

BT A 08 -

600 BW (RG)

TRIAC
SERIES
INSULATION:

A: insulated VOLTAGE:
B: non insulated 600: 600V
800: BOOY

CURRENT: BA

l L—D PACKING MODE

Buik: Blank
SENSITIVITY & TYPE RG: Tube
B: 50mA STANDARD
BW: §¢6mA SNUBBERLESS
C:25mA STANDARD
CW: 35mA SNUBBERLESS
SW: 10mA LOGIC LEVEL
TW: SmA LOGIC LEVEL

T 8
TRIAC 4—T

10 -

600 B

i

(-TR)

SERIES
PACKAGE;
CURRENT:BA . B: DPAK
VOLTAGE: G:DPAK  pbAcKiNG MODE:
6500: 600V H: IPAK Blank: Tub
800; 800V e
: .TR: DPAK ! DZPAK
SENSITIVITY: Taps & Reel
10: 10mA
35:35mA
OTHER INFORMATION
R . Base Packing
Part Number Marking Weight quantity maode
BTA/BTBO&-xxxyz BTA/BTBOBxxxyz 23g 250 Buik
BTA/BTBOB-xxxyzRG BTA/BTBOB-xxxyz 23g 50 Tube
TByy-xxxB T8yyxxx 0.3g 75 Tube
Tayy-xxxB-TR T8yyxxx 03g 2500 Tape & reel
T8yy-xxxH T8yyxxx 04g 75 Tube
T8yy-xxxG T8yyxxx 159 50 Tube
T8yy-xxxG-TR T8yyxaxx 159 1000 Tape & reel
Note: xxx = voltage, yy = sensilivily, z = typs
4/10 iy7




BTA/BTBO08 and T8 Series

Fig. 1: Maximum power dissipation versus RMS
on-state current (full cycie).
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Fig. 2-2: RMS on-state current versus ambient
temperature {printed circuit beard FR4, copper
thickness: 35um),fuil cycle.
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Fig. 4: On-state characteristics (maximum
values).

ITM {A)
100 ;

Ty,
F Wio=dgEsy -
o, R0 mi)

10 Frshosgua i

i

%
P

=

A

R R

E]

7

ML e
05 10 15 20 25 3.0

35 40 45 50

4

Fig. 2-1: RMS on-state curren! versus case
temperature (fulf cycie}.

IT(RMS] (A)

—
a
H

(i}

O - KW R th @~

oy

- Tee)

Fig. 3: Relative variation of thermal impedance
versus pulse duration.
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BTA/BTB08 and T8 Series

Fig. 6: Non-repetitive surge peak on-state
current for a sinusoidal puise with  width
tp < 10ms, and corresponding value of 1t
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Fig. 8-1: Relative variation of critical rate of
decrease of main current versus (dV/dt)c (typical
values). Snubberless & Logic Leve! Types
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Fig. 9: Relative variation of critical rate of
decrease of main current versus junction
temperature,
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Fig. 7: Rslative variation of gate trigger current,
holding current and latching current versus
junction temperature (typical vaiues).
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Fig. 8-2: Relalive variation of critical rate of
decrease of main current versus (dV/dt)c (typical
valuas). Standard Types
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Fig. 10; DPAK and D2PAK Thermal resistance
junction to ambient versus copper surface under
tab (printed circuit board FR4, copper thickness:
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BTA/BTBOS and T8 Series

PACKAGE MECHANICAL DATA

DPAK {Plastic}

FOOQOTPRINT DIMENSIONS (in millimeters)

G2,

DIMENSIONS

REF. Millimeters Inches
IO P Min. Max Min. Max.
A 2.20 Z.40 0.086 0.084
A 0.90 1.10 0.035 0.043
AZ | 003 0.23 6001 | 0.008
. T B 0.64 0.8 0.025 0.035
al B2 520 5.40 0.204 0212
‘ C 545 D.60 0.017 5.023
o} 048 0.60 0.018 i)
B 6.00 .20 0.236 6244
E 6.40 B.60 0.251 §.259
] 746 4,60 0.17a RER
H 935 10.10 0.368 0.397

z 0.80 typ. 0.0371 typ.
L4 080 | 100 0.023 G.039

R 0.2 typ. 0.007 typ.

V2 [ & o] &

DPAK {Plastic)

8.7

Y

[ ——

3

Is

It

3

7110
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BTA/BTBO8 and T8 Series

PACKAGE MECHANICAL DATA

D2PAK (Plastic)
DIMENSIONS

Iﬁﬁ e s e il REF. Millimeterz Inches
L2 E.. - C2mb | Min. | Typ. | Max. | Min. | Typ. | Max.
=J A | 430 T60 [0.169 5181
1 [A 2w 569 [0.008 0,106
B A3 [ 003 D23 | 0.007 5,005
- B (070 553 [0.027 5037

B e i ' [Bz [125 | T40 0045 [ 0.055
i LSNP gl [N C | 045 080 [0.017 0.024
P C2 124 136 | 0.047 0.054

B2 Ao IR

3 g Gl 1R D | 895 B35 [0.350 366
L . E (1080 10.28 | 0.303 0405
G G | 488 280182 0.208
L [15.00 18785 | 0.560 f524
20MIN. L2 1.27 1.40 [0.050 0.055
ELALIONE . i3 | 140 175 | 0.055 0,069

| 0.40 0,016
Vi | o | o T

FOOTPRINT DIMENSICNS (in millimeters)

D*PAK (Plastiey
1 16.00 |
" |
s S
1030 cd e e e 5.08
-
- 37
2.90
B/10

4
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BTA/BTBOS and T8 Series

PACKAGE MECHANICAL DATA

IPAK {Plastic) -
DIMENSIONS
REF. Millimeters Inches
Min. | Typ. | Max, | Min. | Typ. | Max,
. A 23 54 [0.086 .09
- AT | 08 7.1 | 0.035 G.043
B ca AT 07 13770027 0.051
" : | B | ced 68 (0025 0.035
IR B2 |52 54 |0.204 0212
= - ! B3 088 0,033
' o 85 0.3 0.035
R E 065 0.037
- C | 045 06 [0.017 04523
Cz | 048 G6 |0.019 0033
Al ) 6 £270.236 0.244
E |64 E6 |0.262 0.260
G| 4.4 46 [0.173 WEEE
F 158 163 | 0.626 0,641
I 9 9.4 | 0.354 0370
X T2 | 0.037 0047
(3 08 1 0.0371 | 0.038
V1 0 TG
]
ﬁ" %/10
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BTA/BTBO8 and T8 Series

PACKAGE MECHANICAL DATA
TO-220A8 Ins.

5 . DIMENSIONS
T wa [T REF. Millimeters inches
g Min. | Typ. | Max. | Min. | Typ. | Max.
/ \ ‘[ - ? A 1520 15.90 | 0.508 5625
b .n g a 375 0147
I az | 13.00 7200 | G511 551
* Y B [10.60 1640 0.393 9408
o B1 | 061 088 | 0.024 0.034
o b2 [ 123 132 [0.048 0.051
3 T 440 760 [0.173 .81
J ] cT | 549 G75 0619 0627
| A -7 cZ [240 372 | 0084 07
e P Lo e | 240 370 [0.094 0108
e F 1620 6.60 [0244 0259
R ERE 385 |0.147 6151
‘ & 1580 [ 16.40 | 16.60 | 0622 | 0.646 | 0.681
[ 795 |0.104 0.116
i Z | 114 1.70 | 0.042 0066
T lla B3 1 114 770 | 0.044 0.066
- M 760 G162

Infermation furnished is believed to be accurate and reliable. Hawever, STMicroelecironics assumes no responsibility for the consequences
of use of such infarmation ner for any infringement of patents or ather rights of third parties which may result from its use. No license is granted
by Implication or otherwise under any patens or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
16 change without notise. This publication supersedes and replaces all informatjon previously supplied. STMicroelectronics products are not
authorizad for use as ditical components in life suppert devices or systems withoul express written approval of STMicroelectronics.

@ The ST logo is a registered trademark of STMicroelectronics
© 2002 STMicroeledtronics - Printad in ltaly - All Rights Reserved
5TMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany
Hong Kong - India - Isreal - Italy - Japan - Malaysia - Malta - Moroces - Singapore
Spain - Sweden - Switzerland « United Kingdom - United States.

http:/iiwww.st.com
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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

» WIDE GAIN BANDWIDTH : 1.3MHz

s INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

» LARGE VOLTAGE GAIN : 100dB

» VERY LOW SUPPLY CURRENT/AMPLI : 3750A

» LOW INPUT BIAS CURRENT : 20nA

= LOW INPUT OFFSET VOLTAGE : 5mV max.
(for more acewale applications, use the equivaient pars
LM124A-LM224ALM324A which feaiure 3mV max)

s LOW INPUT QFFSET CURRENT : 2nA

» WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY: +3V TO +30V
DUAL SUPPLIES : 1.5V TO 15V

N D
DiP14 S014
{Plastic Package) {Plastic Micropackage)
P
TSSOP14

(Thin Shrirk Small Qutline Package)

DESCRIPTION ORDER CODES
Thgsg circuits consist of four independent, 'hlgh Part Temperature Package
gain, internally frequency compensated operational Number Range N D p
ampilflerls.Theyoperatefromasmglep_owersupply [M124 655G, 4125°C . . .
over awide range of voltages. Operation from spiit s s
o ; LM224 -40°C, +105°C . . .
power supplies is also possible and the low power 5 o
supply current drain is independent of the magni- LM324 GC, +70°C . . :
tude of the power supply valtage. Example : LM224N
PIN CONNECTIONS (top view)
./
Ouput 1 1 [} [T 14 Output s
Inverting Input 1 2 E 3 13 lovesting Input 4
Non-inverting Inpur 1 3 E :l 12 Non-inverting input 4
et 4 [ [] 11 vee-
Non-invertiny Input2 5 [: ] 10 Non-inverting Input 3
loventing lpput 2 6 I___ :I % Inverting Input 3
Output 2 7 E :I § Curpurd
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LM124 - LM224 - LM324

SCHEMATIC DIAGRAM (1/4 LM124}

lnverting

injrut D "

Non-inverting L,.J‘
input

1Q13

,____,_W_D Quiput

* GND
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LM124 LM224 LM324 Unit
Veo Supply Valtage +16 or 32 \Y
A8 Input Voltage -0.3 o +32 \
Vid Differential Input Voltage - (*) +32 : +32 +32 \Y
Pior Power Dissipation N Suffix 500 500 500 mw
D Suffix . 400 400 mw
Output Shart-circult Duration - (note 1) . nfin.e b
lin Input Cumrent — (note 8) 50 50 50 mA
Toper Operating Free Air Temperature Range -65t0+125 ;| 40to +105 Qto +70 °C
Tag | Storage Temperature Range -85 to +150 ; -B5to +150 | -B51i0 +150 | °C
2/14 ‘1’
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LM124 - EM224 - EM324

ELECTRICAL CHARACTERISTICS

Veo© = +5V, Vee™ = Ground, Vo =

1.4V, Tams = +25°C {unless otherwise specified)

Symboi

Parameter

LA124 - LM224 -1 M324 |

Min.

Unit
Typ. Max.

Via

Input Offset Voltage (note 3)
Tamp = +25°C
LM324

LM324

Tron. < Tarb < Trax.

my

2

lia

* input Offset Current

Tambp = +2
Trmin, £ Tamb £ Tma.

nA

Input Bias Current {note 2)
Tamb = +25°C
Tenin. & Tamb < Tras.

nA
20 150

Large Signat Voltage Gain

) (Vo™ = +15V, Ry = 2K, Vo = 1.4V to 1.4V}

Tanp = "‘2500
Tmin. < Tamb & Tmax.

50
25

Vimv

100

SVR

Supply Voltage Rejection Ratio (Rs < 10k}
(Vcc = 5V to 30V)
Tamt = +25°C

Trvin, & Tamb < Tmax.

65
85

dB

110

lee

Supply Current, alt Amp, neo load
Tomb = +268°C Vee = +5V
Vee = +30V
Tinin. £ Tamb € Tmax. Voo = +5V
Vep = +30V

mA

1.2
3

1.2
3

=020
0o O~y

: %n ut Common Mode Voltage Range

ce = +30VY - {note 4)
Tamb = +25°C

Trmin. £ Tami € Tmax.

Voo -1.5
Vee -2

CMR

. Commoen-mode Rejaction Ratio (Rg < 10k}

Tamb = +250C
Tein, = Tamp < Tmax

70
&0

dB
80

I scurce

Qutput Current Source (Vi = +1V)
e = +15V, V, = +2V

20

méA

0 .70

Output Sink Current (V|d = -1V)
Veo = 15V, Vo = +2V
Voo = +15V, Vo = +0.2V

10
12

20 . MA
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Iﬂmmumuqumﬁﬁ‘mm

#include <16F877.h>

#include <STRING.H>

#define D51307 WRITE CxDO //Fix Address of DS1307 for write cycle
#define DS1307 READ 0OxDl //Fix Address cf DS1307 for read cycle
#define AREA 1ADD 1 //Address of EEPROM in PIC16F877 for Timer
Input 1

fdefine AREA 2ADD AREA 1ADD + 2 //Address of EEPROM in PICL6F§77
fcr Timer Input 2

#define AREA 3ADD AREAR 2ADD + 2 //Address cof EEPROM in PICl6F877
for Timer Input 3

¥define RRER 4ADD AREAH3ADD + 2 //Address of EEPRCM in PIC16F877
for Timer Input 4

fdefine TON ADD  AREA 4ADD + 2 //Address of EEPROM in PIC16F877
for Time ON

#define TOFF ADD TON ADD + 2 //Address of EEPROM in PIC1AF877
for Time OFF

#define TIMER ADD TOFF ADD + 2 //Address of EEPROM in PICIEFE877
for Timer set

#define I2C SDA  PIN C4 //Data PIN of I2C

#define T2C _SCL  PIN C3 //Clack PIN of I2C

¥define RS PIN CO //RS PIN of LCD
fdefine E PIN C1 //E PIN of LCD

#define DO PIN_CZ //D0 PIN of ILCD
#define D1 FPIN C5 //D1 PIN of LCD
#define D2 PIN Cé //D2 FIN cf LCD
#define D3 PIN C7T //D3 PIN of LCD

bdefine MODE SW  PIN A0 //Input Switch MODE
#define STIME SW PIN Al //Input Switch Set Time

tdefine UP_SW PIN A2 //Input Switch UP

fdefine DOWN 3SW PIN A3 //Input Switch DOWN
#define OUT 0O PIN D3 //Output O

#define OUT 1 PIN_Bl //Output 1

#define OUT 2 PIN B2 //Output 2

fdefine OUT 3 PIN B3 //Output 3

#define PIR O PIN B4 //Input PIR 1 (Mcve Senseor)
#define PIR 1 PIN_B5 //Input PIR 1 (Move Senscr)
#define PIR 2 PIN B6 //TInput PIR 1 (Move Sensor)
#define PIR 3 PIN B7 //Input PTR 1 {Move Sensor)

#define onOff sw 0 PIN D7 //Input Switch fer Toggle Output
#define conOff sw 1 PIN D& //Input Switch for Toggle Output
#define onOff sw_2 PIN D5 //Input Switch for Toggle Output
#define onOff sw_3 PIN D4 //Input Switch for Toggle Output
#define EMPTY
#define LOW
#define HIGH
#define AUTO_ MOLE
#define MANU MODE
#define UP
#define DOWN
fdefine SET TIME
#define MODE
$#fuses HS

WP o

//Constant for AUTO MODE
//Constant for MANAUL MODE
//Constant of Switch UP
//Constant of Switch DOWN
//Constant of Switch SET TIME
//Constant of Switch MODE

T N R = o o B )
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#fuses NOLVP, NOWDT

#fuses NOBPROTECT

#use delay(clock = 4000000}

#use I2C(master,sda = 12C S8DA,scl = 12C SCL)
#use fast ic{a)

#use fast lo(b)

#use fast io(d)

#priority EXT

//Constant Sony Remote

#define PCWER_REMOTE 0x0ADE //ON/OFF

#define CH1 REMOTE O0x1¥DE //Channel 1
tdefine CH2Z REMOTE 0xQFDE //Channel 2
#define CH3 REMOTE 0x17DE //Channel 3

#define CH4 REMOTE 0x07DE //Channel 4
int8 hour,minute, second, timer;
intl m,outbit 0,outbit 1,cutbit 2,ocutbit 3;
char MSG CLEAR([] = " ",
void initailMcu(void); //Initial MCU
void enablelLed(void); //LCD Clock
void writeNybble(char c); //Write Nybble to LCD
vold writeByte(char c¢); //Write Byte to LCD
void printChar{char ¢); //Write Character to LCD
veid printString(char s(8]}); //Print String to LCD
void addressSet (char add); //Write Command to LCD
void initailled({void); //Initial to LCD
void manualControl (void}; //Control Output
vold autoControl({vecid); //Auto Contral Cutput
int8 inputSwitch{veid); //Read Input Switch from user
void displayBCD{int8B c); //Display BCD
void displayTime(void); //Display Time
void increaseBCD(int8 *wvalue, intB max); //Increase BCD
void decreaseBCD(int8 #*value); //Decrease BCD
void setTime (void); //Set Time
voild setTimer{int8 add); //Set Timer
vold timerFuncticn(void}; //Cperate of Timer
intl compareTimer{int8 add); //Compare Time
int8 readDsl1307(int8 add): //Read Data from DS1307
void writeDs1307(int8 add,int8 d); //Write Data ot DS51307
void readTime (void); //Read Time
void writeDsl1307 (void); //Write Time
vold main{} {
int8 key;
intl firstAute = 1, firstManaul = 0;
initailMcul();
delay ms (5000} ;
initaillicd () ;
m = RAUTO_MODE; //Default Mode
while {TRUE) {
key = inputSwitch();
if (MODE == key){ //Select Mode between Auto & Manual
m = !'m;
}
if{m == AUTO MODE) {

if{(firstAuto == 1)({
outbit_0 = LOW; //Initial OUTPUT
cutbit 1 = LOW;
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cutkbit 2 = LOW;
outbit 3 = LOW;
output bit {0UT 0, cutbit €);
output bit (CUT 1,ocutkit 1};
output _bit (OUT 2,ocutbit 2);
output bit (CUT_3,ocutbit 3};
firstManaul = 1;
firsthute = 0;
}
addressSet (0x
printChar("®
printChar ("
printChar (A"
printChar ("0
T
o

0);

r

printChar ('
printChar ("
printChar ('’
printChar (!
timerFunction();

lelse if{m == MANU MOCDE) {

’
’

r

8
RE;
")
)i
Y1
)i
)7
")
Y)i

1

if(firstManaul == 1){
outbit 0 = LOW; //Initial OUTPUT
ocutkit 1 = LOW;

outbit 2 = LOW;
cutbit 3 = LOW;
cutput_bit (CUT 0, cutbit 0);
output bit (OUT 1,cutbit 1;};
output bit (OUT Z,outbit 2);
output_bit (00T 3, cutbit 3};
firstManaul = 0y
firstAuto = 1;

h

autcControl (};
timerFunction{);
}else if(m == MANU MCDE){

if({firstManaul == 1){
outbit_0 = LOW; //Initial OUTEUT
outbit_1 = LOW;

outbit 2 = LOW;

outbit 3 = LOW;

output bit (OUT 0,cutkit 0);
output bit (OUT_1,cutbit 1};
output bLit (OUT 2, outbit 2);
output_bit(OUTA3 outbit 3);
firstManaul = 0;

firstaute = 1;
}

addressSet (0x80) ;
printChar ('M');
printChar ('A');
printChar ('N");
printChar {'0"};
printChar (' A'),
printChar('L");
printChar(' Yy ;

’
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printChar (' '};
manualControl () ;
i
1f{SET TIME == key}{
Setiime();
}
regdTime () ;
displayTime () ;
}

}

//Function of DS1307
int8 readDsl307{int& add){
int8 ans;
i2¢c start();
i2c_write(DS1307_WRITE);
i2¢ write(add);
i2c start();
i2¢c write(DS1307 READ);
ans = i2c_read(0);
iZc_stop ()
return ans;
}
void wrliteDs1307(int8 add,int8 d4d){
iZc_start{};
i2c write{DS1307 WRITE);
i2c:write(add); -
i2c write(d);
i2¢ stop();
}
vold readTime {void) {
second = 0x7F & readDsl307(0);
minute = 0x7F & readDs1307{1);
hour = 0x3F & readbsl307(2);
}
//Function of TIME
void setTimer{int8 add){
int8 t,timexr([2],1;
t = read eeprom({TIMER ADD);
timer[1l] = hour;
for{i=0;i<t;++1){
timer[0] = minute;
timer[1] = hour;
for{i=0;i<t;++1) {
increaseBCD{&timer[0], Ox60) ;
if(timer[Q] >= 60){
timer (0] = 0;
increaseBCD{&timer{1], 0x24);
intl compareTimer (int8 add){
intl ans = 0;
intB timer[2];
timer[0] = read eeprom(add);
Timer[1] = read eeprom{add + 1};
1f{timer{0] == minute}{
if{timer[l] == hour){
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ans = 1;
}
}

return ans;
}
vold timerFunction (void) {
if (compareTimer (AREA 1ADD)}{
outbit 0 = LOW;
output bit (OUT 0,cutbit 0};

if (compareTimer (AREA Z2ADD)) {
cutbit 1 = LCW; h
output_bit (OUT 1,cutbit 1);
}
if {compareTimer (AREA 3ADD)) {
outbit 2 = LOW;
output pbit (QUT 2, cutbit 2);
1
if ({compareTimer (AREA 4ADD)){
cutbit 3 = LOW;
output bit (OUT 3,outbit 3);
}
if (compareTimer (TOFF ADD)}{ //OFF ALL QUTPUT
m = MANU MODE;
}
1
void displayBCD{int8 c){
int8 temp;
temp = ¢ >> 4;
temp &= Qx0OF;
printChar (temp | 0x30);
temp = ¢ & 0x0F;
printChar (temp | 0x39);
}
void increaseBCD{int8 *wvalue,intB max}{ //BCD = BCD + 1
int8 1i;:
if (*value < max) {
++ (*value);
i = *value & 0x0A;
if (i == 0x0A) *value += 6;
lelse{
*value = max;
}

i
void decreaseBCD(int8 *value){ //BCD = BCD - 1

int8 1i;
if(*value > 0){

-—(*value);

1 = *value & 0x0F;

if{i == 0x0F) *value -= 6;
telse{

*walue = 0;

1

}
int8 inputSwitch{void) {
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int8 key = EMPTY;
delay ms(100);

1f(LOW == input(UP_SW)) key = UF;
while (LOW == input(UP_SW}):
telse if (LOW == input (DOWN SW)){

delay ms(100);
if(LOW == input (DOWN_SW)) key = DOWN;
while (LOW == input (DOWN_SW)};
telse 1f£(LOW == input (STIME 5W)){
delay ms(100);
1f{LOW == input {(STIME 5W)) key = SET_TIME;
while (LOW == input(STIME_SW)];
telse 1f (LOW == input (MODE_5W)) {
delay ms (100);
1f(LOW == input(MODEmSW)) key = MODE;
while (LOW == input (MODE 8W)];
}
return key;
}
void setTime (void) {
int8 input,temp,t[2];
addressSet (0x80) ;
printChar{' '};:
printChar ('T’
printChar ('i
printChar ("’
{
{

I

)

)i
‘et
)

s

r

printChar
printChar
printChar({' '};
printChar (' ')
addressSet (0x0F); //ON CURSOR
addressSet (0xC1l);
do({
input = inputSwitch();
if{input == UP}{
increaseBCD(&hour, 0x23);
lelse if (input == DOWN) {
decreaseBCD(&hour) ;

ll’
ml
e!

L}

s

r

1
if (input != EMPTY) {
addressSet (0xCO) ;
displayBCD (hour};
addressSet (0xCl) ;
}
}while (SET TIME != input);
addressSet [0xC4) ;
do{
input = inputSwitch(};
if(UP == input){
increaseBCD{&minute, 0x59) ;
lelse 1if(DOWN == input){
decreaseBCD (&minute);
}
if {input != EMPTY){
addressSet (0xC3)
}

L3
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displayBCD{minute) ;
addressSet (0xC4);
}while {SET TIME != input);
addressSet {(0xC7);
do{
input = inputSwitchi);
1f{UP == input){
increaseBCD{&second, 0x59);
}else if(DOWN == input) {
decreaseBCD{&second) ;
}
if {input '= EMPTY}{
addressSet (0xC8) ;
displayBCD(seccnd) ;
addressSet (0xC7) ;
}
Iwhile (SET _TIME != input):
writeDsl1307 (0, second}; //Write Data to DS1307
writeDsl307{1,minute}; //Set current Time
writeDsl1307 (2, (Ox3F & hour)):
printChar{' '}:
FLTELIELT P00 0070777 il iiidlririiriei/
t[0] read_eeprom{TON ADD);
t[1] read eeprom{(TON_ADD + 1);
addressSet (0x0C); //CFF CURSOR
addressSet (0x80) ;
printChar{'T');
printChar{' '

r
.

r

printChar
printChar
printChar ('
printChar ('
printChar ('
printChar ('

(o
(N

r
r
r .
1
L}

!

)
)
Vi
)
)
)

Ll .
r

A

addressSet (0xCO) ;
printString (MSG CLEAR);
addressSet (0xC0};
displayBCD{t[1]};
printChar(':');
displayBCD(t[0]});
addressSet {0xC1) ;
addressSet (Ox(F) ;
dol

/ /0N CURSCR

input inputSwitch();

== input) {
increaseBCD(&t[1], 0x23);

telse 1f(DOWN == input}({
decreaseBCD(&t[1]);

1£(T

}
if(input != EMPTY} {
addressSet (0xCO) ;
displayBCD(t[1]};
addressSet (0xCl} ;
}
twhile{SET TIME != input);
addressSet (GxC4);
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dof

input = inputSwitchi);

if(UP == input){
increaseBCD(&t[0],0x59);

lelse 1f(DOWN == input) {
decreaseBCD(&t 0] ;

}

if{input != EMPTY) {
addressSet (0xC3) ;
displayBCD(t [0]);
addressSet {(0xC4) ;

}
}while (SET_TIME != input);

write eeprom(TCN ADD,t{Q]); //Save value of Timer ON

write eeprom{TON ADD + 1,t[1})

////////7//////////7//////f//////}//////////////////////

t[0] = read_eeprom(TOFF_ADL};

t{1] = read_eeprom{TOFF_ADD + 1);

addressSet (0x0C) s //OFF CURSCR

addressSet (0xB80) ;

printChar{'T"')};

printChar({' ");

printChar { Vs

printChar ( ")

printChar('F'")

printChar{' '}:
Yy
')

1
e
|F '.
IF ;
printChar ('
printChar (' ;
addressSet (0xC0O) ;
displayBCD({tI[1l
printChar({':"');
displayBCD(t[0})

addressSet (0xC1l)
addressSet(OxOF) //ON CURSCR

r

do{
input = inputSwitch();
if(UP == input){
increaseBCD (&t [1],0x23);
telse 1f(DOWN == input) }while(SET TIME
addressSet (CxC4) ; B
dof

input = inputSwitch{);

1f(UP == input}{
increaseBCD (&t [0], 0x59) ;

telse L1f(DOWN == input){
decreaseBCD (&t [0]);

H
decreaseBCD(&T[L1])

}

if (input != EMPTY) {
addressSet (0xCO0} ;
displayBCD(t[1]}:
addressSet (0xCLl);

!

r

}

}
twhile (SET_TIME != input);

I'= input);
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addressSet (0xC4};
dod
input

input8witch();
if{UP == input) {

increaseBCD (&L (0], 0x59) ;

lelse 1if{DOWN == input) {
decreaseBCD (&t [0]}

}

if (input != EMPTY)
addressSet (0xC3) ;
displayBZD(t[0]);
addressSet (0xC4);

{

}
}while (SET_TIME != input]);
write eeprom{TOFF ADD,t{01);
write_eeprom (TOFF ADD + 1,t({l
SIS TEFP L Eirirrriririrrirririy
timer read eeprom(TIMER ADD
if(timer > &0) timer = 0;
addressSet (0x0C); //OFF CURSO
addressSet (0xBO) ;
printChar(' '};
printChar{'T'
printChar ("'
printChar ('
printChar ('
printChar ("'
printChar({" '
printChar{' ');
addressSet (0xCO) ;

printString{M3G_CLEAR);
addressSet (0xC0)

temp timer / 10;
printChar (temp | 0x30);
temp timer % 10;
printChar{temp | 0x30);
addressSet (0xCl) ;
addressSet (Ox0F
do{

input inputSwitch():

if (UP == input){

if(timer < 60)
}else if (DOWN
if({timer > 0}

T');
Iy;
M'});
ET);
R7);
)

r

]
V3 //0ON CURSOR

r

timer++;
input) {
timer--;

}
if {input !'= EMPTY){
addressSet (0xC0) ;
temp timer / 10;
printChar (temp | 0x30});
temp = timer % 10;
printChar (temp | 0x30);
addressSet (0xCl);
twhile (SET TIME != input);
write_eeprgm(TIMER_ADD,timer);

//Save value of Timer OFF
1is
FidPerlrdtisridririiiirirss
)i

R

//8ave value of Timer
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}

}
addressSet (0x0C); //OFF CURSOR

vold displayTime (void) {
char temp;

addressSet (0xCO) ;
temp = hour >> 4;

temp &= Ox0F;

printChar{temp | 0x30);

}

temp = hour & 0x0F;
printChar (temp | 0x30);
printChar({":"'};

Lemp = minute >> 4;
temp &= 0x0OF;

printChar(temp | 0x30);

temp = minute & 0xOF;
printChar (temp 0x30);
printChar{":');

temp = second >> 4;
temp &= OxO0F;
printChar(temp | 0x30};
temp = second & 0x0F;
printChar{temp | 0x30);

//Function of CQUTPUT CONTROL
void autoControl (void) {

IE(RIGH == input(PIR 0)){
delay ms(500);
if (HIGH == input (PIR 0)){

outbit 0 = HIGH;
output bit (QUT_0,outbit_0);
setTimer (AREA 1ADD) ;

telse 1f(HIGH == input(PIR_1}){
delay ms(500);
1f(HIGH == input {PIR_1)){
outbit_l = HIGH;
output_bit (OUT_1,cutbit 1);

setTimer (AREA 2ADD};

}

telse 1L (HIGH == input (PIR 2}){
delay ms(500);
if (HIGh == input (FIR_2}}{

outbit 2 = HIGH;
output bit (OUT 2,cutbit 2};
setTimer {AREA 3ADD);

}

}else 1f(HIGH == input {FIR 3)}{
delay ms (500);
1f (HIGH == input (FIR_3)){

outblt_3 = HICH;
output bit (OUT 3,cutbit 3}:
setTimer (AREA 4ADD);




91

}
vold manualCentrol (void) {
if (LOW == input (on0ff sw 0)}{
delay ms (100} ;
1f (LOW == input{onOff sw_0}){

if (outbit 0)
outbit 0 = LOW;
output bit (OUT 0, cutbit 0);
telse(
outbit 0 = HIGH;
output_bit (CUT 0,outbit 0);
b

while (LOW == input (onCff sw 0));
}
telse if (LOW == input {(onCff sw 1)){
delay ms(100);
if (LOW == input (onOff sw 1)) {

if{outbit 1)¢

outbit 1 = LOW;

output bit (OUT 1,ocutbit 1);
telseld

ocutkbit 1 = HIGH;

cutput_bit (OUT 1,cutkit 1);
}

while [LOW == input (onOff sw_1));
}
telse 1f(LOW == input{onCff sw 2))}{
delay ms (100} ;
if (LOW == input {onOff sw 2)){

if{cutbit 2){
cutbit 2 = LOW;
cutput bit {QUT 2,ocuthit 2);
telse
cutbit 2 = HIGH;
cutput bit (OUT 2,ocuthit Z);
;
while (LOW == input (onCff sw 2});
1

telse 1f{LOW == input (onCff sw 3)}1{
delay ms(100);
1£(LOW == input (onOff sw 3}){
if{outbit_3}{
cutbit_3 = LOW;
output_bit (OUT_3, outbit 3);
telse(
outbit_3 = HIGH;
output bit {CUT 3,ocutbit 3};
}
while (LOW == input (onOff sw 3));
}
}
if {compareTimer (TON_ADD)) {
m = AUTO_MODE;
}
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}
#Function of LCD
void initailLed{void) {
set tris c(0x00);
output bit (R5,LOW);
writeNybble (0x03);
delay ms(5);
writeNybble (0x03};
delay ms(5);
writeNybble (0x03);
delay ms(5);
writeNybble (0x02);
writeByte (0x28);
delay ms(1};
writeByte [0x08);
delay ms(1);
writeByte (0x01);
delay ms(1});
}
void addressSet (char add) {
set_tris c(OxC0});
output bit (RS, LOW);
writeBytel{add);
}
void printString(char s[8]){
int8 1i;
for{i=0;1<8;++1i){
printChar(s[i]};
}
}
void printChar {char <) {
set_tris c(0x00};
output bit (R3,HIGH];
writeByte(c);
i
void writeByte{char ) {
char buffer;
set_tris c(0x00);
buffer = c >> 4;
buffer &= 0x0F;
writeNybble (buffer);
writeNybble(c);
}
void writeNybble(char <) {
output bit{D0,c & O0x01);
output bit(Dl,c & 0x02);
output bit(D2,c & 0x04};
output bit(D3,c & 0x08);
enableLed () ;
}
}
volid enablelLod (veoid) {
Output_bit(E,HIGH)
delay ms(1l);
output bit {E, LOW);

L
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//Function Initail MCU
vold initailMcu(volid){
set_tris_a{0xFF); //Set input for port A
set_tris_b(O0xFl); //Set input/output for port B
set_tris d(0xFE); //Set input/output for port D
enable interrupts (GLOBAL}; //Enable Giockal Interrupt
EXT INT EDGE(L TO H); //Set trigger signal of Interruprt
enable interrupts(INT EXT); //Enable External Interrupt
setup timer i (T1_INTERNAL | T1_DIV_BY 1}; //Set Timer MODE
Outputwbit(RS,LOW); //Initial LCD
Output_bit(E,LOW);
cutput bit(DO,LOW);
cutput_bit (D1, LOW);
output bit (D2, LOW);
output bit (D3, LOW);
Outbit_O = LOW; //Initial QUTPUT
outbit 1 LOW;
outbit 2 = LOW;
outbit 2 = LOW;
output_bit (CUT_0,outbit_0);
output_bit(OUT_l,outbit‘lj;
{
(

cutput bit QUT _2,outbit_2};
cutput bit (OUT 3,outbit 3j};
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Tsunssdlanaaulnsg

#include "1l6f628.h"

#define TxD PIN B2
#tdefine RxD FIN Bl
#define CLOCK 5P 4000000
#fuses HS

ffuses NOLVP , NOWDT

#fuses NOPROTECT

#use delay(clock = CLOCK S5P)
#tuse fast io(b)

//Remcte Cantreol Code
#define ONOFF_REMOTE O0xOADE //ON/OFF

#define CH1 REMOTE 0x1FDE //Channel 1
#define CHZ REMOTE Cx0FDE //chaznnel 2
#define CH3VREMOTE 0x17DE //channel 2
#define CH4 REMOTE O0x07DE //channel 2

#define CODE NUMBER 12

#define EMPTY 0
intle signal = 0x000Q;
intle x = Ox0001;

int8 countBit = 0;
chnar command = EMPTY;
intl first = 1;

#INT FXT
vold IntExt isr{void){
intlé timer;

if(first == 1)¢{
set timerl(0);
first = 0;
telsel
timer = get timerl{;};

set Timerl(0);

if(({timer > 1000) & (timer < 1400))}{

signal = signal | x;
signal <<= 1;
++countBit;

{(N/F)

telse if{(timer > 1600} & {(timer < 2000)}{

signal <<= 1;
++countBit;
lelse{
disable interrupts(INT EXT]);
if{countBit == CODE NUMBER) {
switch{signal){ N
case ONOFF_REMOTE: command
break;
case CH1_REMOTE: command =
break;
case CHZ REMCTE: command =
break;

=l;
2

3;
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case CH3 REMOTE: command = 4;
break;

case CH4 REMOTE: command = 5;
break;
default: command = EMPTY:

}
}
delay ms{500);
signal = 0x0000C;
X = (0x0001;
countBit = 0;
enable interrupts (INT EXT);
first = 1;

}

vold main () {

set_tris_b(0x01);
enable interrupts (GLOBAL);

EXT_INT EDGE(I_TO_H);

enable interrupts (INT EXT);

setup timer 1(T1 INTERNAL | T1 DIV BY 1);
output HTGH(PIN B3);

output_HIGH(PIN_B4

)i
output HIGH({PIN B5);
output HIGH(PIN B6);
output HIGH(PIN_BT)
while (TRUE) {
switch {command) {
case 1: output low(PIN B2);
delay ms (200);
cutput _high{PIN B3);
command = EMPTY;
break;
case Z2: output low(PIN Bd};
delay ms{200);
output high{FIN_B4};
command = EMPTY;
break;
case 3: output low(PIN BS);
delay ms (200);
output high (PIN B5):
conmand = EMPTY;
break;
case 4: output low{(PIN B6);
delay ms(200);
output high(PIN B&);
command = EMPTY;
break;
case 5: cutput low{PIN B7};
delay ms (200);
output high(PIN_B7};
command = EMPTY;

’
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