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Abstract

Nowadays, water is important in our daily life. Thus, this thesis is conducted to make the
automatic water up which is able to be paid by bank notes.

The Automatic water up machine will use the light sensor to detect whether there are any
bank notes. If there is, it will order the step motor to identify types of the notes by using black
light and detect the reflection from the note to check whether it is a real or fake one. The signal
from the light sensor will be changed from analog into digital. This signal will be sent to
microcontroller to process minor data. This machine will be able to work with a 20, 50 and 100

baht notes. The PIC 16F877 Microcontroller is processed to control the system to the water valve.
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2.2.1 qumnian 9 ' vedluinsnennsoies PIC16FST?
2.2.1.1 puinutRveaminvlssuonanaanivlu PIC16F877

1) wihnlszunaranmaiuuny RISC

2) ﬁ'q;npmmﬁmmmﬁ 4 MHz

3) dszanawadoyaving 8 in

4) iddafios 35 frda v 14 a

5) i3 RmansAandution 15 &

6) SiouAn 8 szd

7) Twuamsddaemass 3 Tnuafio urulaoass (Direct), LuuTagdon (Indirect)
waznuding (Retative)

8) Tinaafuian13¥A%IN I 14 unan

9) miwanusrfoyn (Data memory) umuuddnsouaunsoay nozvoulnyld
ﬂizu1mé’huﬂi:wnzsﬁuﬁaga'lﬁum 407l

10) vamizeanui Isunsudahumuuudasiivum s Aladisa

11) miawnrmsvenseunolu 256 lud

1 o A L
12) wuwanus sy 368 lua #isduismees
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2.2.1.2 guiauiananaiinlu PIC16F877
a = 4 o = -~ o ¥ oA
1) Hvidune 10wine 22 nannsafmuaiiudunaneeanya liededeas:
a o ] - £ a Qs
2) AIZUEEan / el nusudazydune Jegmoiiestu LED 1R Tavass
3) psznadaiuas oo gage 25 Taduowil dewn
2.2.1.3 uauiinou 9
1) Tmaes eeusraluda (POR: Power-on Reset)
) o o ar -
2) Timaes snInwes Tud? (PWRT: Power-up Timer)
a = o ¢ o
3) fiooadaimesaarinow nwes (OST: Oscillator Start-up Timer)
Py och L4 . ¥ o - o
4) ieavAon Inwes (WDT: Watch Dog-timer) Wipufiu99seoadoines RC noly
A 9 oo » A2
et limimnuvesluinsaouInsamesinnuuiveutsvu
5) teafumsarnendeyalumizsanuirldsunsu
6) fiTvumlssndandisuvic Inuaady (Sleep mode)
A Y o %o I3
7) ANIaoNINI e TaIIRDI N I¥Mnuamsmnu 1A
8) maoudeyardigmizsanuiinielululnsaouInsames Whunvveynsukn
viiFauie 2 n
9) 1ihululnsneuinsamein 185 umanannioldimalulatueouray / Sdnsou
A5 g8 WAIIMA
UTwams 1nszue T
v } 4 1
n) nssuaIifieonds 2 Tadueni] lvdve +5 v dygnannitninnud 4 MHz
[ ¥ ¥
¥) nyzue Idinleunh 2 Tulnsuenil #ilvides +3 v fyananniininiud 4 kHz
) nszua Tfioond 1 Tulasuoui vuzousuduie

= A‘ o ' A
10) goingii CPU vauzisuldam 34 sarrmdaenIdum Tilszoznite 38-39 asm
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222 Inssaframouen

PDIP
RCCHveeTHY ——= [} 4 ;J 49 [} «—= RB7TPGD
RADAND m—-w [] 2 39 [] =« RBEPGC
RALAN] =[] 3 3 [] == RBS
RAZANZVPEF- w—e [] 4 37 ] =—= RBM
RAYJANIVREFt - [] 5 36 | ] =—= RBIPGM
RAATOCK - ] g as - RA2
RASAN4SES =— [} 7 34 [1 - R8I
REORD:ANS =[] 8 X 33 [] =—= RBOINT
REVWR:aNG =[] g Q 32 [J *—- VoD
RE2TS/AN? =— [ 10 =2 3 |[] -——— vss
U/ J—— g P 3 30 g = RO7:PSP7
vy w12 :44 26 [} =— RD&PSPE
OSC HCLKN ——= ] 13 > 28 [} == RDXPSPS
OSC2ACLKOUT = ] 14 ~3 27 [] =—— RD4PSP4
RCOTIOSOTICK a—e[] 15 ha 26 {] =——e RCZ.RX.DT
RCATIOSHCCPZ a—e ] 15 25 [] =——e RCGTXCK
RC2CCP1 =—e [] 17 24 [ =—= RCHxSDO
RCSCK/SCL ~=—a [] 12 23] == RC4SDESDA
RDO:PSPe =—e {1 12 22 £] =—= RDYPSPY
RD1.PSP1 ~a—a= [] 20 21[] == RO2PSP2

314 2.6 M139AVI9B3 PIC16F877

Tuinsnouinsawes PIC16E877 U5340g1UA PDIP (Plastic Dual — In Line pack_age') i
Fnwar@erryleSuuuauszviuinuiiulaoda T fndeldamidu 40 v sueaslugli
2.6 Ssrunsodanideldamves icisrs77 i 4 nquite

1. ngudYEMUIRN 3 2 41 fi0 OSC1 / CLKIN (¥ 13) uag OSC 2/ CLKOUT (V1 14)

2. pqu IR il 1 v1fie MCLR (¥1 1)

3. N MBI ABUNA-01ANA I 33 v1 wiudluvimesaie 6 v1 14uA RAO - RAS viney
a1 14un ¥1 RBO - RB7 #o3ad 14U RCO-RCT weiaa 14uA RDO - RD7 nazweind 1aun
REQ - RE2

»
4. aqunidea iz vifie v v (1112, 31) MTBMINITIA LTI V(W1 11, 32) niem
SS DD

y
Tasa+sv

» 1]
dmsusvazidoalasaylvesnde ldnunmuanaashmisiad 1.1 uas 1.2
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A13 190 1.1 UAASI10azIBYAVIFYE10v849 PIC16F877

. P PLCC QFP | LGP Buffer S

Pin Nam= Pim Pins P | Type Type Description

QSCHCLRIN 13 H 30 1 STCMOE™ | Oseiator crystalinput/extemal clodk source input

CSC2'CLKOUT “ 15 n le] _ Oscillator erystal oulpur. Connecls 1o orystal or resonator in
crystal oscillator mode. In RC mogs. OSC2 pin oupuls
CLKOUT ahich has 14 the faquency of OSC ). and
denates the insiruction cycle rate.

MCLRVPPTHY 1 2 18 1P 5T Master clear {reset} mput of programming vollage input of
high vollage test mode control. This pin is an active low
resat to the davice.

PORTA it 8 bi-directional 110 port.

RAD:AND 2 2 19 [lieg TTL RAQ can also ba analog inpurl

RA1ANY 3 4 20 e} T RA1 can slse be analog input §

RAZANZVRES - 4 H] 21 fhas T RA2 can also be analog mpul2 of negative analog red

otence vokinze

RAJANZVREF » 5 € 22 (X TTL RA3 can also ba analog inpul 3 or posilive analo) refer

ence wolage

RASTOCK! 6 7 23 [Re] ST RA4 can abo be the clock input 1o the Timer) timer

coumter. Quipat is open drain type.

RASSEANS 7 8 24 [fe] TTL RAS can aleo be analog inpuld or the slave selecl

the synchronous sefial port.
PORTR is a bi-diractional O port. PORTE can be software
prograremead for imamal waak pul-up oh all inputs.

RBOANT 33 36 8 R} TTLsTh REBO can afso ba the axtemal indettupt pin.”

RB1 ) 37 o 1o TiL

B2 3 e 10 o TiL

RB3:PGM 36 39 k)] o TTL RB3 can also be he low vollage programming inpul

RB4 .ar 41 H 1 ™ Indtemupd on chonge pin.

RBS I’ a2 15 | o TIL Intemupt on change pin.

RES/PGC 9 43 18 | wo | TILST? Interrupt on change pin or In-Circuit Debugger pin

Seriat programrsing clock.
RE7/PGD 20 + 17 1o TsT? Interupt on change pin of In-Circuit Debugger pin
] Serial programming data
Legend: I=input - O = outpul 1D = mpulioutput =
— = Nol wsed TIL=TTL inpua ST = Schmit Triggsr inpul
MNokz 11 This bufleris 3 Schritl Trigger inpul when configured as an extemal interupt.
2. This bufferis a Schmitt Tigges mput when used iIn serial progranmming votde.
3. This bufferis s Schmilt Trigger input whan configured as general puipose 11O and a TTL input whan used in the Parafil

Slave Port mode ifor inlerfacing to a microprocessof bus).

>

Thit tauffaris 3 Schmi Trigger input whan cordigurad in RC oscillstor mode and 2 CMOS inputl ofharaisae.
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A1319% 1.2 UITAIS10aLIDAYITYD YD PICI6F8T7 (AD)

. piP | PLEC | GFP [EOP Bisffer L
Pin Manme Pina Pirs Pine | Type Type Des<iption
PCRTC i a bi-dirsctional FO port.
RCOTIOSGTICKY | 15 15 2 10 ST RCO can asc be tha Timer! oscifaler ouiput or a
Timer1 clock input.
RC1TIOSICCP2 16 18 E N ST RCY can ako be the Timer! oscillalor input of
Capiure? inputiCompate? oulpul. PWM2 culput,
REC2:CCP 17 19 % | 10 sT REC2 can akso ba the Capitre 1 input-Compane) outpats
PW 1 oulput.
RCISCK/SCL 18 27 7 |10 ST RC3 can also be the synchronous senal ciock inpats
output for both 5P and FE modes.
RCASDIEDA 23 25 2 | 1w ST RC4 can ako be the SP1 Data In (5P mode) or
data 1O iC medey.
RCSSDO | 26 43 | e ST RCS can ako be the SP1 Data Out
. iSP1 mode).
RCETXCK 25 27 44 | o ST RCBcan akso be the USART Asyrchromous Transmil or
Synchronous Clock.
RCIRXTT ) 2 1 1o 5T RCY can aso ke the USART Asynchionous Recems or
Synchronous Data
PURID © 2 Dr-dwactkom O port of paroliel skave porl
'when inberfacing b a microprocessor bus.
RDOFSPO 19 2% % | ro| stTTed
RD1PSP1 ) 22 39 | vo | sTTTU®
RD2PSP2 3] 23 0 o | sTTTUR
RDAFSP2 = 24 4 o | STATLY
RD4FPSP4 2r 20 2 1w | sTTI
RDSPSPS 28 3 3 vo | st
RDEFSPE 2 3z 4 W | stTT®
RD7PSPT % 33 5 w | sty
PORTE 15 a bi-dwectional 'O pon.
REVFIDANS 8 9 25 po | sTATLS REC can a0 be read conliot for Bhe para el skave pont,
or anakog input.
RE 1'WR/ANG ] 10 26 | 10 [ STITL RE 1 can also be wiite controd Aot the poraliel skave port,
or analog npud.
REZTSANT W0 n 27 | o | sTmed REZ2 con aiso be select control for the paraliel slave
- poil. of analeg inpulT .
Vss 1231 1334 629 P — Ground reterence for logic and 10 pins.
Voo 11.3R] 238 |18 P — Fositive supply for fogic and 1O pins.
NE — 111728, 1213 - These pins are nol intemolly conne cled. Thasa pins shoukd
2 33.34 be left unconnectad.
Legend: f=inpwt O =ouipat O = iputioutput P = pow
— = Not uoed TTL = TTL input ST = Schenitt Trigger inpa
Note 1: This bulfer is a Schmitl Trigger input when configured as an externalinkamupl.
2: This buller it a Schvnint TriggeT input when used in s2fal programming mode.
3 This buller is 3 Schmitt Trigger mput when configured o5 general purpose 10 and a TTL input whan used in ths Paratlsl

Slave Port mode {lor inserdacing 1o a microgrocessor bus).

-

Thirs bulter ' 5 Schimit Trigger input when conigured in RC cscillsion mode and 3 CMOS input ctherwise.
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2.2.3 ailnonssunohives PIC 16F877

Devlce Fiogam Dala Memoty | Data EEPROIA
FLASH
PIC 18 874 K 122 Byles 128 Byles
PICSF BT 8K 258 Hyles 26 Byles
13 pabbpys @ PORTA
Progiam COounkel I
FLASH éy 7 1 RAG-AND
Progam 4 RALANS
LbeRIry RALS H RAZ:ANZ
81 ovel Stek Fhe Y 4 RAZANEVELF
13ba Regsiens 4 RALTOCK)
i 3 RASAKESS
Frogam
. 14
RBJNT
RB#
IMSHUTHOR Keg REZ
RBIPCU
L RB4
RBS
RE6PGT
RBIPGD
e REATIOSCTICK
7 ROC1TAOSLCCR?
RC2%CPY
J RCISCKSCL
RCASDIRDA
Isshurbos RC5SD
Decone %, JI=I4 RCBTXCK
Contrd RETROUDT
TR canerston [0
USCECLON
ISCHTIROUT RO/ PSPT RO PSPD
Fuogaimiung Paxatel Styve Part (J PORTE
! é M—e7] FEGANSRD
=.-J..> H—+f< RE1ANGAR
MCLR Yoo, ¥ss .__@ REZANTICS
T30 0B AD

f T
¢ v

Deata EEPROM

5
GCPL2 fdwiepiorl USART

Ncte 1:  Higher order bits am from e STATUS regisber.

31/ 2.7 aanilasnssunisluves PIC 16F87

2.2.3.1 MIANUIANUTIEI PICI6F8TT
MISANISMUIIAUS B PICI6FS77 gruniveemily 3 douflentizoauiilfsunsy

mioanuiioya uaswiioA S 1d MY EEPROM
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1 wienneiililsunsy Tlassadsthumiasanuswuselasiivue s fla
i Taolu 1 35Aves PICI6F877 Huuia 14 1in
PIC 16F877 ii Program Counter (PC) %178 13 1@ hiemnsadisdumismiog
A8 8Kx14 §1umia Taud@iumis Reset Vector 07 0000h uas Interrupt vector 71 0004 h

= @ - 2 d 1 = < O
uozkiInsaard1adsg Ui 2.8 Be9nnmasiiiu PIC 16F877 Iinwdnves Stack 8 53A1

i PCa120n ]
IALL, EBETURN ﬁ} 12
RETEIE, RETLW {E 7
Stack Lovel 1
Stack Lead 2
-
L]
.
Stack Level 8
Reset Veckor MEdh
L]
: S~
Intertupt Yeenr idh
06h
Page 0
0TFFh
(8i0h
. Page 1
On-chip
_<. OFFFh
Progam
Morsory 1030h
1 Page 2
17FFh
1Wh
Page 3
1FFFh

11 2.8 wiroaui Ibsunsunaz auAnvee PIC16F877

2232 wisaw$ifoyn mirvanuiveyathimienmswwnddnseuvuin 128
o [} ° 7 & 3 U .
Tud missanuseyamisesniiiu 4 BANK Fuilufiogues General Purpose Register une

[] [] 1 4
Special Function Register 151emnsonfaou BANK 18 lasmsiioniiila PRO uas PR1 Aaid



RPi . RPO

(Stams <6:5-)

File
Address
IndEactaddr' " | (Oh Indiwect adds’ '} gon Indired adde’ '} 100h | Indirect addr' '] 1a0n
TMRD h OFTION_REG| 81h TMRO 10th OPTION_REG] 181h
PCL aZh PCL 2h PCL 102h PCL 162h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR Odh FSR g24h TSR 104h FSR 184n
PORTA O5h TRISA B5h 105h 185h
PORTE | U6h TRISE 86h PORTB___| 106h TRISE 188h
PORTC Orh TRISC 87h 10Th 18m
PORTD fv | OBh TRISD'™ | gah 108K 188h
PORTE 't | (Gh TRISE ' | gGh 100h 180
PCLATH Osh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON | 0Bh INTCON | 8Bh INTCON | 10Bh INTCON | 188h
PR1 oCh PiES 8Ch EEDATA | 10Ch EECON1 12Ch
PIRZ 0Dh PIE2 8Dh EEADR 10Dh EECONZ 18Dh
TMRITL Eh PCON 8Eh EEDATH 10Eh Reoserved® | 18Eh
TMR1N UFh 8Fh EEADRH 10Fh Roserved® | 18Fh
TICON 10h O0h 110h 100h
TMR2 11h SSPCONZ | 91k 111h t2th
TAON 12h PRZ g2h 112h 1920
SSPBUF 13h SSPADD 93h 113h 103h
[ SSPCON | 14h SSPSIAT | 94h 1140 194h
CCPRIL 15h 85h t15h 195h
CCPR1H 16h 06h 116h 196h
CCPICON | 17h 97h geneml 117h Senetd | 1o7m
RCST, ] 180 ST | %6h Fapose | 11en Rogmior | 1980
TXREG 19h SPBRG 20h 15Bytes | 1190 16 Bytes | 100h
RCREG TAh 9Ah 1%Ah 12AR
CCPR2L 1Bh 9Eh 11Bh 198h
CCPR2H 1Ch Ch 11Ch 12Ch
CGP2CON | DR 90h 1100 19Dh
ADRESH 1Eh ADRESL 9Eh T1Eh 19Eh
ADCOND | tFh ADCON1 | 9Fh 1%Fh 1oFh
2h Adh 126h 1800
Ganeral Gangral Ganaial Gangral
Purpose Purpose Purpose Purpose
Registor Rag‘;br Registar Register
9 Bytes B0 Byes CEh %0 Byies 16Eh 8oEyas 1EFR
AcCessas FOh HCOSSDS 170h ACCESSES 1FOh
70h-7Fh 70h-7Ph 0h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
T Unimplemenied data memory Jocations. read as 0.
* Not a physical register.
Nota 1. Thirse regisions ane not implemantad on Z8-pin davices.
2 Thesa registers ame reseved. maintain these regisiers clear.

5111 2.9 Aumissimans Idvea PIC 16F877

RP1 =0, RPO =0 1if1 BANK 0

RP1=0, RPO =1 1ilu BANK 1

RP1 =1, RPO =011l BANK 2

RP1 =1, RPO =1 1i]1 BANK 3
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drinnemyanans nazseindimAnszii

udiag BANK 1184 128 Bytes unsdauduypudas BANK 92iifusioguoa Special Function
o o a a o A v a L4
Register @3gnldmilon RAM W 1) FRame &5 umninnsw13ivedn SimaesInad
o A A 1 [ o a
(Register file) Jvua 8 Tim lioRnsuningdi 2.9 szwunlu PIC16F877 TisSaimes Hafduiay
32 #1 figndmuamimuazdnmia13uds uazde 96 42 sz ldsunndmualildoueddase
1 Smmein ¥y (General Purpose Register)
manfaniennuiidoyaannsaildlavase (DIRECT) Tavimuaududoyaiuiy
»
FVmeoiu q nielavdou (INDIRECT) lavrimisiimassidonuiudoya FSR (File Sclect
Register)
an LK . . «
2) 39e1ADI N 15NN (Special Function Register)
L4 4 1Y ] o
Tu PICi16F877 Hivammnimuguitliunumdngeg 6 A2 Ais STATUS, OPTION,
' A o a » .o o o A 7
INTCON, PCL, PCLATH siag W %39z 1A s o5 viwawdrdudsi
n) 33nABI A0 UL (STATUS REGISTER)
an o a s o
hiSSmaeflfuansannzmendiamaaives ALU, d01uz A1311197U 104 PICI6FS77
> o r -3 A
uaz1afudrdmusmsifenuudveaminnusidoya mudiddimaes STATUS iestu
- » ° an a4 ' A as fo A a
uazoudoyamnsonsei 1dd I maAnrdumsausasdouitmaeidaiou q uasdmind
nsnsyhmduduifundiamanaiuazasin ia Z, DC uaz C szifamsndounlasiaiuwams
o A a -' to 4 & 3_a da = a 1 W q’.’
waiiatu Taobisridnidunins@sunedmuanounihil
Fiomed STATUS fuoains aeghdiumie 0 x 03 uas 0 x 83 Tumissaruideyn
dmivammunouazmismuamlundaziavesidmned STATUS finvazidoaaugyl
#12.10 sdnlsfamlumehdaniansdeyaszfuiiau BIESC zlilinodpf1vesitmnny
o & A J o o W ] -y i
STATUS 19iAU31 UM BSF, BCF, SWAPF Liaz MOVWF Sailionszidioaadenaiiuds tiad
Huaasaauzey hidanmsnldoumlaweediela
%) S3mAes OPTION
aa oo a o o oy &
Whisimmesivssgianiuquaisnisdasiiznindyganiousniianaaesves
TMRO/WDT M3yadnfiv1weaneia B uazaIuqu1siiaiues TMRO fiuoainsaogh 0081H

dmiuneazidoavesiiames OPTION Tuurazliauaaadazili 2.11

82459



18

e o
f1) 39RO INTCON
Aok i o " A = - oo = o td = vat =
WhuismaesAnumdavesmsouniadygrusuiaeid Hueansasgi 0x0BH 1
vmumdmaanaluTeamsmstaimaz dmsuswazidvavesiimaes INTCON lundaziin

ueradlu 314 2.12

RAY-0 RAN-0 RAO R-1 R-1 RA-x RAY-x RN-x
{Lwe | Rt § RP0 | T | PO | Z ] DC § C | R = Readable bit
a7 ) Wi = Writable bit
U = Unimplementad bit
read as 0
-0 =Volue ol PORresat

bt 7. IRP: Register Bank Selact bit {used for indirect addressing)
1=DBank 2. 3{100h - 1FFh}
Q1 =Bank J, 1i006- FFh
bt 6-5: RP1:RPD; Register Bank Select bits {used br direct addressing
<1 = Bank 3{180h - 1FFh}
1c = Bank 211000 - 17Fhy
21 = Bank t {80h - FFh)
o = Bank 0(00h - 7Fh)
Each bank ik 128 tyies
bit 4: T Time-ou bil
1 = After power-up. “LFEADT Instruclion. ofF Z1EZF instruction
0 = AWDT me-out oocumed
tit 3: PO:Power-down bit
1 = Aflor power-up or by the —LRWET instruction
0 = By sxacufion of the =1.57¢ instruction
bit 2: Z: Zero bit
1 = The resuh of an anthimetic of logic operalion is 2e/
0 = The resul of an asithmedic or logic operation is not zero
bt 1:  DC: Digt comy DOMON bl f200WT, S0LTW, SR, SURAT instructions) ifor TOMow the polarily is reversed)
1 = A carry-out from the 4th low ordat bRl of the resull ocourred
2 = No carry-out from the 4th low order bit of the resul
bit 8: € Corry/BOMOW bit (A00We, A00 1R, SRl St inshructions)
1 = A carry-out from the meosl signifizant bit of the result ocourrad
0 = No carry-oul from the mosi significant bit of the resuk occurmad
Nole: For BGITow the potarity is reversed. A subtraction is exected by adding the twe's complement of e
socond operand. For rtate (ReF RLF) Inskuctions. this bit is loaded with either the high or low order bit of
the sOUMS registor. o

3171 2.10 S3emApT eIz (Auiria 03H, 83H, 103H, 183H)

9) S3ames Tsunsuamitees PCL uas PCLATH
[ J

Tasunsumanitwes (PROGRAM COUNTER: PC) 1ihuSSaaesnlimhnsduniten

¥

o M

wiads llveamizsanui lilsunsundfgezdeshihauTlsunsuanimesnie pc lu

v

¢

-3 1 o
PIC16F877 fiwwia 13 ia uvaily 2 dawufle F9maes hlsunsumanimeiluddmis PCL
A 1 Hd —y 1 1 {
(Program counter low byte) ¥ ludwmiifivuig 8 {in annsesvuasBoun 1a laoass Tusueh
i A =) 1] 1 1] J
ondaunilafivine 5 a liemnsesunieidvudoyaldlasass dvsofumnisuuazdum

HUS3enaes PCLATH Tag S9a1aes PCLATH s2vhnsflumives 5 dauu Tusunsmaniwes 13
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v ] = o o g A o o'y
unztieneaasg 5 dauuvealilsunsunniiaes ludge (PCH) Naoie Tsunsuanimestims

' . 4 a 4 4 o &
TnaamImidn dzfavudionszyidids CALL w39 GOTO

RAY-1 RAY-1 RAY-1 RAY-1 RAY-1 RA%-1 RAY-1 R'WVi-1
Trepu JinteDG] Tocs [ 1osE | psa | pPs2 [ P51 | Pso | R= Readae kit
bit? L0 W= Wiitie bt
b= Unimpéemented bit.
tead as 4
- = Walue at POR reset

bit7:  HEPT: PORTE Pullup Enable bil
1 =PORTB puil-ups are disabled
9 = PORTR pulk-ups are enabled by individua port latch values
bit & INTEDG: Intemupt Edge Seiect bit
1 = Interrupl on fising adge of RBOFINT pin
3 = Inlerrupt on faling adge of REBOANT pin
bt 51 T0OCS: TMR0 Clock Source Selact bit
1 = Transilion on RAATTCK pin
0 = Infernatlinstiuction cycle clock {CLKOUT}
bl 40 TOSE: TMRD Source Edge Seledt bit
1 = Increment on high-0-low transition on RA4 TOCKI pin
O = Increment on low-10-high transition on RA4/TOCKI pin
bit 3:  PSA: Prescakt Assigninent bil
1 = Prescaler is assigned (0 the WDT
9 = Prescalar is assigned to the Timerd module
bit 2-0: PS2:PSD:Préscaler Rate Select bils

BaValue TMRO Raie  WDT Rale

] 1:2 1:1
[0 1-4 1:2
S 1:8 T:d
t13 116 1:8
1o 1:32 1:18
173 1:64 1:32
133 1:128 1:64
11z 1: 265 1:128

31/ 2.11 OPTION Register (Address 81h, 181h)

9) TUAN (Stack)
o -4 : 1 Q A
MluTasnouInsawmey PicisFs77 18SaassaudnuToRun lumiisarws neldly
muuivesllsunsuaninessinim 8 széu lundazszaudivuig 13 ia Miinms i
n'/ 2 o ] 4 o [ d
CALL 1 asiauansziimspumves Ilsunsuaniwes @c) 13 1 a1 audnlu PICI6F877 W2
o 2.4 . a 21 . a2
5035014 8 afvdnilsatumniimsnymilunian 9 Ffigesriives pC Tunsad 9 Tifuaslu
3 a4d s s 4
AuANOUAT PC Tunsan t
d‘ [ N 2 o = [} o'- -
M139¥ (Push) mnofimshdfignsshmdsnudiulndud: Tnudida CALL nieiia
o o ] d'nsd o o o J d :
msmsiatanaz neunidfigszniz e WFAgszimsitumvesTdsunsuaniines luvaziiy

b4 o w A ¥ o o ar v o da d A aa o o W
1'5111““']01‘1’1111?15'2?151? FINUIUATTUNNIATIIRINATIUUNAD mmnmawwqmzmmﬂﬂu
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Tilbunsudosiiniz laa luiSvuiooudrdfigeznduhisma Tdsunsuanimes iy 1 luaudn

udnavnnseidmdluneamsadan 1y

RAW)  RW-)  RWO  RWD0 RWQ R4 R0 Rivix

[ Tree T 1o [ wiE | RBIE ] TOF | NTF | REF | R= Readable bit
"} (1] W= rtable bit
U= Unismpdamsn iad bit,
read as 1)
- = Valoe 3 POR reset

bt 7. GIE: Giobal niemupd Enable bit
1 = Enablas all un-masked intemupts
0 = Disatles o intarrupis
bl &:  PEIE: Periphetal Wnterrupd Enabla bit
1a Enabies all un-masked pafipheral ilerrupts
{+= Disaties 3 periphetal infemupis
bit 5:  TOE: TMRO Overflow Intemupt Enable bat
1 = Enables the TMRO iRtermpt
£ = Disables the TWRD Rterrupt
bit 4;:  INTE: RBOANT Exemal Intarmupt Enable bit
1 = Enables e RBOANT axiarnal intemupl
7 = Disatles the RBOINT adernal inlermupt
bit 3:  RBIE: RB Porl Change Interrupt Enable bit
1 = Enables the RB pod change irsemupt
& = Disaties the RB port change interrugt
bl 2. TOIF: THMRO Cverlow Inkirum Pag bi
1 = TMRU register has overflowed (must be cleared in sokware)
0 = TMR register did not ovarflow
bit 1:  INTF: RBIYINT Exiernal intesrupt Flag bi
1= Tha RBEVNT eremal inlrrupl occurred imust te cleared in soltwara)
2 = The RBIFIN T exiemal nerrupt did not oocur
bit 8. RBIF: RB Pon Changa hiemupt Flag ti
1 = Al leasl ohe of Ihe RB7:RB4 pins changed siate (mus! be cleared in software)
0 = Nono of the RB7-RE4 pins have changed st

311 2.12 INTCON Register (Address OBh, 8Bh, 10Bh, 18Bh)

2) F3mani w
TulnsnouInsamed PIC16F877 HsmaniAlFlumsinumdnegimiliieiimaed
w mnnfSouifousuluTasneu Insaesiueidu 4 S3maed w douléSuueningained e
PICI6F877 nsghimdanundamaniTimany w enihiiSmneiRafyannodn mslew

[} »
foyanTonsasvasudeynvznszihiniimans w lidundn
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@13 19N 2.3 5100210 0AVBIT VAR S WS

Wale o | YR on o
Samess [Hame BR T Bits BRS ER4 o3 BIt 2 Bt e 81t POR. fother mesets
BOR iy
san 2
1pa  NINGE tedeess g Ihis locssieon Uses conkos of FR ie aimsoss s menmry St 3 physical sgmioly
i1 ] L] NG TS S gt
ran® (Pt Itogam Counkes s Loast bighitea by

SIS o [ s | e E i } e l 2 }m, I “

¥ SR oy ect 4aia SMELBoyy a00ress pollhy

A FFEX

Wil R

PCRTR Data Lalch wton Wit PORTE pins wneh pa)

VTN P 8T I dho Unger S Dil of S PRI < ounier

wroow | A ﬂ-r o wit | wor | ror [ e [ e

100NS ernn g =
19Ch EEDAIA, FEEDRON Jot0 tedske NXXE ERTT | HANG
10Dh CEADR £ FPROM adcienn iegeiet FXER AEAE
SOER JLEDATH jﬂ PO ata tegisie high bde ——
1bn___ |EEADRN B o mzen
Bank 3

st Db NS I RS DOANO! 150 IO of TSR 0 Hices dala Memory (e 4 Rty skl pogivon
1ath gmmj& b l,mm] cs ] msfi PSA ] Pa2 l Pat l Lo B RS S A SR 2]
spar:  |Pot Progam Coumbas P 1 easd Sigpeicant Byle [ Ay
s INIAIUS 'Y I 1%y I [1a] I T _j_ ™ L z l e i " sink o

Wy IIXT

WRKE LR

1oy

FER e A TRINTY e evs PolKY

Wiite Buffer for the vppey % bits of the Frogram
LR L s
(I PLLAI T P ” s
s fIMteen ot INTF Rk Tt HIT [T s -
tacn JErcemn £ePsn v P Y omeRR ] WREN | wm m - x-

[EECE? EEPHS ool iegustars ymol & phiysical teisks

Shaded beations arg umimplemented. read os 0",

PG~ 2.8 whoga
oontents are Fansferrad 6 the uppar bae of the program oountar

L X = woknawn. ¢ = unchanged. 3 = value degends on condiion. - = uimglemansad read a8 '0. 1 T resered.

=" Clwer inon powes-upj retets include exiemal resst through ITICTR and Vealchdog Timer Ress,

Bas PSFIE and PSPF are resgrved o the 28-pin devices, olerays maindain thess bits clgar.

These raguirs car be oddréssad boin any bank.

PORTD. PORTE_ TRISD, and TRISE ar® nat physkally npbmﬂndmh?&-pﬂdmmdacb

PYRZ<6> ond PIE2o5> e resarvad on thets davices, dhways maimtain thess biis char,

o Thie uppar be of By progrom countss ks not drectly aocessdbe, PCLATH ie 2 hokding redieler for the
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A157197 2.4 TwazIBoAvesTImAes ING (dp)

valee on | Yalue on &t
Addess | Naaw enr EX6 BH S Ba 4 BR2 Gt B -1 X PCR, othel 1o5es
BOR (1]
Bk 4

Howth? way AN esHG s Ioradon uses COMEnts.ol 53T 10 200 55 dia reymoly (ot A PIySYt egisien

Am OPRENRE) J mrml 1005 I FOSE ] PEA l Pz ] Pt I L T PO TELS ECTLIRTIT)
At |l Proma Countors [P0 Leasl SEnmeant ke o Gut
awi | srans we e e w2 ] e e g e
an™t [rsk Inect dala moNKTy aidiess ponter g Rty | s wsed
a5k TRISA : .Immnalsnwlmﬂcgm ©3l PRERf --33 13l
L5 TRISE Poﬁlum:mnﬂlmwm 31 t2isfEnii niis
L0t ] TRISC PORTC Dath DeCion Regster 2331 1inrfaiay it
o] D PORTD [ala Peocson Hegishe: EUSINE RS FUFERE S AT
an™ s o O IR O i e -j{mfm Dt 170D s I Bt
san™¥ | paam st Pl st Taake AR ot re Uppma S DS of B2 Prog am Souer <y
anntt) INTCON FER hcld mik KISk 10 L i Ml HESE AT R O s
acn 53 FSPE® | anp RCIE 1Ak SSE | coPIE | TMRAE | HAUE

Al MEY 1 i R : BOLE [l CGPAE

%k POON s ; B

'

GctNlAcmswi mmrl pc!IN ] reen | ptﬁ. ] nstu] pv

GYoEPE CROE

ey | R2 TR 2 Peliod Regskt t1r1 2all
FEY SEOADIY | Synctimnoes Sonal Pt T mode adarss Reghle
a4 SSOSTAT S _l CRE l nx l r i 1 RV l 1 I aF 5

o s | me | mem | swic
ok |spoRe  |Bae ot Gemiabe gt
PV e

9D AIRESL A Rocell w-;su 1ox i3yk

ah | Aot | AW [ e e e

Lagend: x = u-tnoun.utmdvam;sd 3= valua dapands. on candition, - = unimpkemeniad read as ‘0", r = recerved,
Shaded Iccations are unimplementad. rénd a3 Y.

Note 1° The upper byto o the pogram cxmier i nol directly accessible. PCLATH 5 & holding reaisker [or the

PCe12:B> whose

contents ana transtorrat 1 the upper bytz of the foMoM counter.

QOther inon power-up) resets inclode exter nal resed through MCLR and Walkchdog Timer Resel.

Bits FSPE and PSPIF pre ressrved on the 28-pin Jevices. always mantain thewe tée cigar,

Thase registers can be addressed From any bonkc

PORTD PORTE. TRISD and TRISE ars not physically impiemanted on the 28-pin devioes. read u‘n

: PIR2<t> avd PIE2 <G> awe rasareed on those devices. abways mainkain thase bits claar.

i LU TS ! [ RE¥ l (M L1 I (S A TTUR IERE T L. Lo pow

et

2233 wioanmidiidu EEPROM annsaifiudeya’ld 256 &umis (0x00 - 0xFF)
Jin1saans Tasdour s imass HedFuMIAY (SFR) 6 A2 A9 EEDATA, EEDATH, EEADR,
EEADRH, EECON1, EECON2
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2.24 weinveslulasneulnsawed PICI6FST7
I3
2.2.4.1 nojaw lu PICI6F877 (PORT A)
a s o ar w a o 4 : o (4 -
dunanerryanesrudves PIC iuwuwiadmdni ewmduiiduyaiednanie
wad ' 4 & v e ; a gy '
AUEANTADY (¥4 A/D, Serial, IIC) Fuile vuvanil ¥ ludu meimesanes hiemnsaldau
Tudnuzves Sunaieanald
L4 ) | d 4 > a
nesaA flvuia 6 bit Fuilu wose Nilul1da Sunaiordnalasdeafenuuylauuu
4 2 dad » 4 = )
nila mwsnidenldnniimaei Nliveon TRISA Fad1 TRISA Tagrisa i 1° nesa A Al
- | Y : d e a ° ¥ 4 Q’I ] a a o ]
winuayiadssumiumiouiiudune  ohhiwesmiuegluaouzdufuauage) diud
3 »
TRISA Tiagnirenifu <0’ neia A Alimuoaviia@erduiufseinuihuedya (mesaszeglu
L4 Cé * 1 4 =t ) ' ¥ L4 H ]
anuzIeARALIAT) MITUAMETA A SmasiAemsB Mz INesA A Tuvmziu du
‘- ar o =] = ar o 3 o a . :
msioua Uiy wosa A Aensi@oulufuinaduoimesa dnvazms@oueiduuuy Read-
. . . d A o é T |3 :
Modify-Write Operations #amineanil TumsiioylidmeiaiSudioms s moimin
4 ° - 1 z d e ~ a o o oy n’: 2
wnsuudhmsldnunlam vimiuminsiioundu 1idmesauaarennimila
o = o A ¥ i
¥1 RA4 92 T0aANANTY Timer0 module clock input ¥492i30n3919 71 RA4/TOCKI Taoh
ar = o a 4 o 3
41 RA4/TOCKI sziiiudnumedunauuusiiansmans uaziondna uuueswianasa A avua
Ao a ] & o a d w -
weiisunaiiu TTL uaz Hiodyauuudueadunesa A viduq v TaRmanduieuzasnduya
[ = -y A o o %
uaz u59AuS1Bwes AD BunrdnMruamIOUvBIRazY) aansaiden A laundos

wsowaiialu ADCONI F9mans

Data

wn e
P oK W T _Dﬂ =]
Do Lateh r—-@
b o a N FO piret

A1 l"\‘Q
TEIY KT

THIS Lalch

TTL
gl

/‘L - o butter

e L boh

1o A D Conrvertes

Fede B PO pis nve paotection shodes ic Yoo and
vss.

31/ 2.13 udonlabzunT VB RAG-RA3 LIAZ RAS
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RD TRIS

Q D
EN
RD PORT JI>‘F —‘
TMRD clock input
Nt §7 £ pin RS Pelen ion Jiodes 1o WSS only.

31/ 2.14 uden laezunsuue RA4/TOCKI

4 =3 ¥ - A =y 1 ’
Tuvziifia Power-on Reset vunatiszgnulaou Mdluneuzaenduna uazszemn1d
o = ' - . = -
iy 0’ Femmes TRISA Indhiinrunguinmesa A 1a q sziludunamodnalunsdinldmedn

A iilu Bunwaueuzaonsvames TRISA sxApagniua

3873 INITIALIZING nein A

BCF STATUS, RP0

CLRF PORTA : NIMF clear output data Y93 PORTA

BSF STATUS, RP0 ; ffion BANKI

MOVLW OxCF . Yeimnafinalu W register

MOVWF TRISA : fmuald PORTA 0-3 iy input, fivuald PORTA 4-5 1ifu
output

783 INITIALIZING nein A Tineda A dlu finen Suna naziewnn

BSF STATUS, RPO
MOVLW 0X06
MOVWF ADCONI ; ADCON1 = 9FH

BCF STATUS, RPO
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#1597 2.5 Handud q veanesa A

Nama Bitd Buffer | Function
RADAND 1] ITL Inputiouiput or analog input
RAVLAN? ity TTL Inputioutpu or analog input
RAZANZ hitz TTL Inpuiioadpet or analoq input
RAXANZVREF {hil3 TTL Input’output or analog inpul of VREF
RA4TOCKI a1 3] 5T Inpauticetput or external cock input for T mer
Onipultis open drain type
RASTTANG bt TTL It ioup of slave select iInput for synchronous serial port or analog input

Legand: TTL = TTL input, ST = Schamitt Trigger iaput

A1319% 2.6 T10azISoAA1e q Fifvanunesa A

Vatue on: Value on alt

Address [Nome  |BRT fBié |Bus |ead [en3 |eaz |em1  |Bito  |POR, .
BCR theEr resets
05h PORTA RA4 RA3 RAZ RAt RAG ] --0x 9900 § --0u Go0d
o5h | TRISA [ R PDRTADmaDIndlegisMr 11 3113 | --3% 1133
orh | Ancont {apFm| o b1 ot |pcFea| poFe2 | PoFGt [POFGD] o sneo | oo pens

Legent z = unknown, J—unchmged ummhmenmdimﬁmmreada 0. SlndedcelsamnoiusadbyPORTA

2.2.42 wesai 11 PICI6F877 (PORT B)
o [ - o = & Aan oSl o o r o
wosa B iiludnuusnesanvuaesian $53imanineniudrrimuaimesalasy
- o > Ay o = o c{
HhunnBunanerdnaszgasmualagidmass TRISB Suvaiiaves TRISB la (=1) nesa B 4
¥ ¥ 9
fimufeiuunadundeiiia TRISBIA (=0) woia B Alimiudeniluedyaviawviveaned

L) g o o o Y ; & *
a B ¢ Naamansy HansunisTdsunsudrousaaudrdaldun RB3/PGM, RB6/PGC g

RB7/PGD
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Yo
RBPU':ZD _i))__{ 2 ek
pul-up
Data bus ata L
> o ]
WR Porl ek %1
RIS Laich
D o m
YR THIS ckY Botior 37
RD TRIS
Q [n] SS—

RO Pori EN
REOINT < 23‘
Y

Scheitt Trigger I D Ror
Bufier . R !
Hote 1: 0 ping havwe dode protection to Voo and Vs,

2 To onable weak pull-ups. sel e appropriale TRIS bitis)
and dear the bitiOPTION REG<7>),

31l 2.15 udenlaezunsuves RBO-RB3

Vo
RBPU) E‘M*
— e
Data bus Data Latch
a <]
o
[ SR o
o D Q
WRIRS LLES
P AV
Buffer ST
— ]——-—‘I
RDTRIS Lakh
—
L__‘? [o] D
RD Port EN [0}
SetRBIF
RS e a—
RB7:RB4 pins RD Port
i G P
RB7.RB6 in serial programming mode
Note 1: 'O pins have diode protection 1o Vb and Vss.
2To ermhweak lups sat he approprale TRIS biks)
and door the b tOPTION_REG<7>).

3111 2.16 v@en lAdzIAS VB RB4 - RBT
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115 INITIALIZING Wosa B

BCF STATUS, RPO ; Y11m7 Initialize PORTB Tagnn13 clear output
; data latchs

CLRF PORTB

BSF STATUS, RPO ; immiaon 1189 Bankl

MOVLW OxCF . InaRATRABINS set

MOVWF TRISB - Set PORTBO-3 11U inputs, Set PORTB4-5 11]u

- outputs, Set PORTB6-7 11U inputs

& ] <o = o ¥ o L 4 3
noiA B uAnznosavziizevsyaonegnilu §rdeamsyasn Aesredesniguen) 151
asofmuanee1d wadwaolunielisinnisiea nieinded RBPU\ (OPTION Fimaeida
7) Tavdusundes RBPU\ szminofis shnsonidnmsyaswaisly wazdusifmualinedn B
o o o o Qs
i iednandimwasnezgnonidnlaudalula
L 4 1]
#miunesa B 1y v1 RB4-RB7 ssiignuazmuduife mitmua inanmsdaianoe
3 = 5 ﬂ' A =3 H
dafansnfounlasvesasmzvesdygalvinivi RB4-RB7 (Tavdvilaviniiuianfou
o o 1 o o 4’ & o C
aomziezih IiRamsufounaimsnisdasiaziu Faesirld RBIF INTCON.0) urangn
] t 4 » . ‘
1wa Iaof mItadanaz dszanilannsotimsn/fouaamznnaaeadd Inuald
RBIF szqaindivs 14 2 nydi fie
o 1 A o 4
1) MMIsIUHIINIUNDIR B
o o
2) Minsindes RBIF urlanlavass

o o s [ s 7
winis1 1§ msmsdasimaznesa B udrlinsezyacn wesa B
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#1319% 2.7 HaFud 1 o veanesa B

Name Bitg Buttor Function

RBIFINT bitd TTLSTR npubioutputl pin or exdemal interrupt input. Internal software
programimable weak pull-up.

B bit1 TTL Inputioutput pin. Inkrnal sotware programmahie waok pui-up,

RBZ bit2 TIL Inputicutput pin. Intarnal selware programmimable weak pul-up.

RBAIPGH  |bit2 TiL fnputioutput pin of programning pin in LVF mode, Internal solwore pro-
gramsnable weak puth-up,

RB4 bitd T lnpubontpal pin 6By intemugd on change). Intema software rogranimats
wodk pui-up.

RBS Lits T Inputicutpul pin (with inkerupt on change). inlemal soltwar2 programmatds

) waak puf-up.

RBGPGC  jhité TsT2 Inputioulput piny {with inlerngpt on changs) of N-Cirult Debugges pin, Inter-
nad software programimatie woak pull-up. Serial programming clock.

RBIPGD  |bit? TILST Inputiostput pin {with irteraupt on chanages o In-Circuit Debugger pin. Nter-
nal software podgramimatie weak pull-up. Serial programming data.

Legend TTL = TTL inpud, ST = Schundt Trigger input
Hote 1:  This buffer B a Schmit Triggerinput when confgured as the axtemal interupt.
2 This butler k& a Schmitt TAgger input when vied In stvial programeming roda,

o o

o a 1 4 4
A1T19N 2.8 310A21D0AA NN  NNBINUNDIA B

Value on;
Address {Name |Bit7 |Bité |Bit5 |Bit4 {Bit3 |Biz |8it1 |Bito |POR. Value on ol
other resots
BOR
— e ——
Q6h, 108h PORTSB RB? RB6 RBS RB4 | RB2 { RB2 | RBY | RBO | =xxx xzxx UL LG
g6h. 196h | TRISB ~ PORTB Data Dirscion Register 1111 1331 § 111 iude
81k, 131 | OFTION, | REPY | INTEDG | yocs ['Tose [ PsA-l Psz ['PstfPso| 112y 1amr | it 121e
REG e N

Legend: » = unknown. u = un-:h@gé& Shar:ie»:l -ﬁellé ; é.ﬁi‘ﬁééd by POF‘-ZTB )

22.4.3 193 C T4 PIC16F877 (PORT C)

4 o P4 - & aa P “ o [l g
neia C iudnyazunune T aLVae AN Fa5vmassneziludadmualimesala

- ° At - P
srilunuy Bunaierdnaszgadmualasitmaes TRISC Suvaiia TRISC 1a (=1) nesa C #

» v L4 1
fmiufenilusuna Sundoiiia TRISC 1a (=0) weda C Aidmiufeziiuerdnan nesa c wil

L2y ‘; = ¥ J L 4
AuaniAINNAY 19U 1IC, USART, SPI, PWM, CAPTURE Yuegfiumstaenlfau Tasdieismh

A1souNla

3 4 [ b 4
AuaudAmANA1Y inesa C 15Reasy TaluFesuean13AIA1 TRISC ¥oADZYIVEY

woia C mazlunssuniaguanidvredifiegh nesa C (¥u UART) dnfweafiszsiinis

Aﬂ‘ Py o e o 3 ] si 3 J 7 4 =; °
wlasuiia TRISC TaodaTuia aariulualineyded TRISC Tasasanuulavedanesa C A

MsBuniin fuaulAINUAY
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M7 INITIALIZING Wo4a C

BCF
CLRF
BSF
MOVLW
MOVWF

STATUS, RPO ; v\N13 Initialize PORTC 1A clear output data latchs

PORTC

STATUS, RPO ; in1stdon1uda Banki

OxCF . Tnanm#idoans set

TRISB : Set PORTCO-3 114 inputs, Set PORTC4-5 114 outputs, Set
; PORTC6-7 iy inputs

s ] = a da » ]
noin C uAnznoTn vlianinnesunmedaioiuudazmn

PORT’PERIPHERAL Selecti2i

Feripheral Daka Oul
Data bus
WR b @ : P
PORT ckvea

D aQ o
WR pin(1}
RIS
oo =95 HE
TRIS Latch

Peripherat
OE{2) <}

EN

Peripheral inpul
Hote 1: 1O pins have diode protection to YpD and Vs,
2. PorPeripherdl select siond seleds betwaon port
data and peripharal oulpul.
% Peripheral OE outpul 2nabile: s only aclivated if
peripheral selectis aclive.

3171 2.17 vonlaezunsyues RCO-RC2 Az RCS-RCT
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PORT/PERIPHERMAL Selod(2)

48]
pin(1)

RD TRIS b 3\/ §7

Perpheral
OE{% <7 ¢ o Sciwnitt
Teigger
RD EN : %3:@
SHABus
PORT oi-tHevals
SSPinpg
i)
CKE
BSPRTAT <6~

Note 1. O pins havwe diods protedtion to Yoo and yes,

PofPeripheral select signal selects botasen port

ctata anvd pardpheral oulpu,

3. Peripheral OF {cuiput cnablsy is only activaled if
peripheral saactis active,

M

P
31/ 2.18 uitenTaezunsuves RC3-RC4
o 1] L L é
SnvazInssndnvemmeasutiuiu 2 nquiie wesa  0-2, 5-7 nazdangquuilaiiie nesa C 3-4

= o as v o
#15199 2.9 Hanguds AR L GRRE

Nams Bit# {Buftter Type | Functien

RCH/TI0SOTICKI TR EN Inped ‘eutput por! pin or Timer! oscillator cutput/Timer1 clock input

RCHT105KFCCR2 it IST inputioutput port pin of Timer! osdliater input or Caplune2 input!
Comparo? oulputiPAMZ output

RC2/CCPY bz IS8T Inputiouiput port pin or Caplture! inpatAComparet output PV

_ cutpul

RCISCKSCL b3 |ST RC2 can also be the synchronous serdal clock for both SPEand #C
modes.

RCA/SDVSDA bitd |ST RC4 can also be the SPI Data In (SPI mode; or data 10 (12C mode),

RC5/SDO b5 |ST npLtaoulput port pin or Synchronous Sefal Port data oudput

RCE/TXCK vt {ST Inputsoutpest port pin or USART Asynchronous Transmil or Synchro-
mows Clock

RCT/RXDT bit7 | ST Inpt il port pin or USART Asynchronous Recgive of Synchro-
pous Data

Legend ST = Schmift Triggef npid
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= =S ] o e ar o
ATTNN 2.10 780S100AA N ) MNINURDBIA C

Valus on; :ﬁ'w on
Address | Name Bit7 | Bité | Bit5 | Bit4 | Bit3a | Bit2 | Bit1 | Bit0 |POR, i
other
BOR resets

t7h PCGRTC | RC7 RCGE RCEH RC4 RC3 RC2 RC1 RCO | aoor xooor | uuus umay
87h TRISC FORTC Data Direction Regster 1133 :iRi 4 i1l il
Legend » = upknoen, ;= unchangesd.

2244 Wo3a D uaz woia E 1u PICI6F877
o o a 4 - | Py -~ da [ [ A
nwosa D wiunesavuia 8 Uagiezi suanInneiounasglual Tasfisiawiso
° T Py o 9 d a - o ) [ o ai
nmummnzummwasﬁ‘lmi‘]uwameuwﬂ #38 101dnA 1R aedasz01ndu nosa D Ao
o L J [ .ﬂn A
iy nesauuu 148 ndan Tansi1dTaunsirafiia PSPMODE (TRISE < 4 >) #eluTnua

Ed .
i1 trlesmoluszaamoilunuy TTL 514 2.19 venlaszunsuveamesa p

Data
bus D O——{}———Q——
WR he——ry
PORT 1O pint
P KT
Dot Ladch
1o o
WR :
RIS oKW Sohmilt
E _Triaqtc—r ?\7
= inpui
: TRIS '*i‘ﬂla! - butter
W
R TRIS

Fiote 1. 1O pins have protection diodes (o VoD anid Vss,

31f 2.19 vienlaszunsuvenesa D
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o Lo v o
A15197 2.11 AafFuA N q YDINBTA D

Name Bitk Buffer Type Function

RDOPSPO bito STATLY Inpulo RpUt port pin of poraitel stave port bild
RD1PSP1 bitt STATLN Inputioutpur port pin or paralled slave port bitl
RD2PSP? bi2 STATLY Inputfoutpat port pin or paralled slave port bit2
RDIPSP2 bitz STATUY inputioutput port pin o paralied slave port bit3
RD4PSP4 bitd st Inptioutput port pin or paralked slave port bitd
RD5PSPS bith STATUD InputFoutput port pin of parallel slave port bits
RDEPSPC bits STATUS Inputéoutpat port pin or parallel slave port bilé
RD7PSPY b7 STATLN Inputieutput port pin or parallel slave port bit?

Legend: ST = Schmitt Tnggerinput TTL = TTL input
Nots 1: Inpul buffers are Schmitt Triggers whenin 17D mode and TTL bufier when in Paralle! Stava Port Mode.

A < ' o a 3
A9 2.12 5100ZIDUAAN ) NNGINUNOTA D

Value on: | Vatue on all
Address |Name {Bit7 | BitéBitS Bit 4 Bn3| Bit2 Bit 1 BitD |POR. other
BCR rasets
03h PORTD § RDY | RDS | RDS R4 RO ROZ RIM RDO RXAX Xmxx [ owdivy uihgw
&8h TRISD PORTD Data DMm Reagigter 1131 1313 | 1311 3idl
eoh | TRiSE | 1BF |] OBF | oV | PSPMODE |~ | PORTE DataDietson BRe | soue <113 | coos -111

Lagend: x = unknown. u mchzlnge-:! - wwnmamemed read as 0. Shaderd coals are nol usad by PORTD,

2.2.4.5 Wesa E 14 PIC16F877 (PORT E)
o oo - 2
Noia E sziivianua 3 11 Ao REQ/ (RD\ANS, REI/(WR\/ANG Az RE2/(CS\/AN7 ¥19y
il szsilianininefounaegluda Tashisansadmuandsziavemeia ifludunansena
4 a o s 7 A o -
#a Femwrsanmoiusunantuqy dmsunedavesluTnsTsivmvesideinisinia
o - L ‘r \d : ¥
PSPMODE (TRISE<4>) 482335z Juilonglu Inuailife Avsasaeqliadi TRISE dwadin 0-2
gniwn (egluanmzdunm) uazdeanilei ApcoNi gmialdegliulvuadunaieranaaiaen
] o
FaluTnuadl Sunaiidefeniiu T
o o s - LYY g o ,4' 4 -
nesa E srlidnuuzde sedafimdndunouzasnlaniionesa E grisaifuduna
] J A ° t v o . v 4 L) o :
neuzasnuda vimariidieviimsemmeziinniu o dau TRISE Suihiimmesaaununiuce

£y é # =y
deagafifubunailos IegluTnuaueuzaenduna
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Data
s D Q £
R I
‘ FO pift
PORT ek L
Data | alch
. D Q
. ‘ifJR ‘
TRIS Schnitt
S50 CK <
g Triyger §\7
- - input
RD TRIS
‘/"‘J] Q D
Mote 1: 12D pins have pritection dindss & VoD and Vss,

4
119 2.20 viten Taezunsuvesnesa E

B o ¥ o
AT NN 2.13 HanFuais ] YBINBIA E

Hame

By

Buffer Type

Function

REO/RD/ANS

ST/TTLY

Inputautpul port pin or read controt input in paralle slags por mode or
analog input:
RD

1 = Not a read operation
Q = Reod oparation. Beads PORTD ragsst@r Gif chip shlectzd)

RE 15VR/aNg

bit1

sTTTLY

Inputioutpul port pin oor write control input in parallel stave port mode or
analoq input:
WR
1 =Nat a write oparation
O =Write operation. Writes PORTD rngls\@r i chip s-irsded’x

RE2TS/ANT

biZ

ST

inputioutput port pin of chip sefect controf inpat in parabiel styws port
mode or analog input:

ot

1 = Dawice is not sedectad

i} = Dawics is selocied

Legend: ST = Schmitt Tnggerinput TTL=TTL inpus
MNote 11 input buffers 2re Schmilt Triggers when in /0 mede and TTL bulfars when in Parallel Stawa Port Made.
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- =t ] o o [4
HITNN 2.14 31002188AA N ] UNTINUNBIAR E

Vahie on: Val "
Addr|Name |Bit7 |Bit6|Bit5 |Bit4 Bit3 [Bitz |Bit1 |Bit0 |POR a1ie on a
cther resets
BOR
h | PORTE { =iidiiee fioes thoraud o e ] RE2 RE1 REG PR 7.3 BRI 111
8oh | TRISE { BF | OBF | 1BOV | PSPMODE |77 %] PORTE Data Direction Bits | cues 113 | 25po 113
Sh | ADCOH1 | ADFM |- ] | e PCFGY | POFG2 | POFGT | PCFGO [ - - cos G

Legend; x = upknown, ¢ = unrhanar-l = uimplementad read as ', Shadad cells are not used by PORTE .

2.3 yamidalulnsneulnsaies PEC16F877 (Instructions Microcontroller PIC16F877)

v 4
ANMINgYe Il MAI MY

Tuudazdidaves pIC 16F877 azlidnnlininvivesegnaisds Taseziloudesindids

& s - ' e ¥ - o - t e d A W 9
mmﬂunnmnuﬁmmzuﬂmmuu qQnIgm Hiﬂuﬂﬁﬂﬂiﬁﬂmﬂi'ﬁiﬂ'Uﬂyﬂq!ﬂlﬂﬁ 70170

> 14
aplneaziBoannuminovesdaunlsimualdasil

o

f mNode Smass Iva
d wneds Mnpsataemedmmndu <o ezflunmssmualiifuawistamed w uadh
winishe «17 szfumsdmualhifuamdannmsnssididnsludsames g

=< ] 4' dd' Yo o c:l = o Iy [
k naueds masila q lupsdinldfusmdalsznanavemundiamaaiiazaesnuaz i
mngtsdmiuisaasandeants nsz Taa Il lupsdinlFfusidinisns Tan (9u call

.}

%39 goto
b meds feynszaviianSeiausamsanielusiaaes Indvua 8 da

= Py ] o 'y ;l - o -
d wineds feyaavgudy nsdinldmdnlssuananendamaasiinzasin

&= o = o

W Wi Tianes w (enfyiame?)

- ° ] .=| v A Y o -~ ° '
x HUoR @i Tiaruladie 1¥funemauunes MPASM vos T Tasgezimuani

J [ - . " [ iy 1 ~ ° -~ L ] o L

x iy “o” TasdaTulid Auudsziinsmvuameniomivesmiisarusudusoi
i
Bu

label mnom mnmuwmuaﬂmmﬂﬁmmﬂunsziﬂﬂ'lﬂﬁmu

TOS nuwia mlmmuuqmmmmn
PC 'Hll'll’.lﬂwl Tﬂsuﬂsmmumas

H v Yoynmugudumn
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231 phinuaziedhamaSoudida PICIGFSTT

nquiidaves PIC16F877 annsomieenidunguld 6 ndu 18un ns Teudwdeyanse
fvuaoyn, nduidatdnuulasivesismaes, nquirtdamiansz Taauazaugudrduns
ﬁum'uaﬂﬂmnsn,nduﬁ‘n‘?aﬂ'mf;n'ln'[ﬂsﬂauimmaa{, nq'uﬁ‘né’qﬂs:mananwaﬁn

uaznquidalszaanansnainenans

13
o O A

23.1.1 i Teuthedeyanedmusadoya i 3 Mdefe moviw, movl, movwf i
swozduadail

1 ﬁ‘l’("fi movlw {move data to W register)
Shufrd i1 lumsfmuamnh 8 Tavechi3Tmans w veuvavesinldsenine
0 - 255 BauuLAzs waziduaded

j‘lJI.L'U‘U :moviw k

Tonlosusud 0 <k <255

M3Nu 1 k—> (W)

wudia

stumlefn o1

2) ﬁ‘lt‘% 1 movf (move data from register to register)

AumdsilNums Toubrwdoyavesitmmesismualifuuiiawes w uie
FSamedIdidmua mafenduminimematmualdéaedeya o uie 1 4o nddimmes
Tdduma mindmualiiiy 0 ssmneis Toutodoyalduissmnes w idmualiidu 1
Joyasz Toubwndidumiudy fohidans Teuthedeyn udsvidanatuivian Taouongud
(2) wn ﬁ'ufm‘hﬁ'qfi’ﬁqmmiﬂﬁﬂﬂ'l%’nemuﬂanqu @ 1Rao Taohidodldmdmandamand
uasonla zﬂuuuuazswnxsﬁuaﬁ'qﬁ

suuuy :movf £,d

Towlosusua :0<£<127,d €0, 1)

AN :O—=> W) —H,Z=1

uranfintsnldounlos: uangud wie z

wwdia

snwomlmfin o)
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3) A4 movwf (move data from W register to file register)
Wusrdanranassdwuiy move AdluddaToudwdoyannismass w uniulily
am St o ] -] ar A’
Smaes Iafidmua Tjduuuuasswaziduadsil
suvy - movwf f
Tonlosusua :0<r<127
I :(W)— (D
13 -3 n‘o As' ¥ - g ﬂl’ o n'o -
2.3.1.2 aquirdan/avulasswesimaes Tnsdu 10 Mds Ao clrf, clrw, comf, decf,
incf, bef, bsf, rif, rrf 0% swapf
1) &4 clef (clear file register)
e o P o
dhufrdundeirwessiamesndla 1mﬂuquu dlenseirfidudumangud 2) oz
A MU wazDuAL gﬂuuuumu
1duny selrf €
Towlosusud :0<f<127
MM :00H— (),1 > Z
uanifimsnfasunlas: uangud nie z
2) &4 clrw (clear W register)
cirw Hhufdundoirwesstmaed w Widlugud uazdlonsziidudumongud ()
[ =4 A d’ ' '
wiwa dmsuswasidaunsjuuuiiasil
suuuy : clrw
MINIW :00H— (W),1—Z
A 4 Pl
wlanifimsnlaounlas: ulangud nie z
3) M4 comf (complement register)
dhisdslgndudoyn o~ Wity “1” uazndudoya “1” Withs “0” vesiimmed Indlaq
A o J o P I'4 o s o N d’ 1 et -’1 P o a0
n3Bi5un71 MItnounanug vasennssimdesiugl avessdmans Idangniimuassiin
Wuasstudh 5y IARM 1011 0011 w3e 0xB3 sgnauiily 0100 1100 ¥3D 0x4C 1TUAY
o 'y Ao a { 1 3 el
dmiuminhimsneundudssioniuiiu 1A 2 uvs fie 3 Taaes w Taomsifioudoya <0
% 4 A S Y a s A o dax dor a Y -
aotie S3xmes IMdndoimsinoundwuansonuniiames IWdasa@uAdnInIThnound

»
4

o ) [ o = - o
nunlaomsiBoudeoya “17 dete dmiuswazdoauazgluuuliae
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vy : comf f,d

Tonlosusus  :0<£<127,d £(0, 1)

M3 = (W)d=0,f— (Hd=1

uranfifimsifasuutas: ulangud wie z

4) ﬁﬁ}'ﬂ decf (decrement register)

HudrdsanmvesmvessimmesNdle q amilei aunsadudld 2 uvsile 7
Tmaed w Taomsitoudoyn 0 defuisames Iafidonisana uasfissmmed IMdauay
TaomsiFoudoyn “1” dotesimans Ihandesnsasm dmugduuuiesaziduaiige

PRl 0T s decf f, d

Tonlosusud  :0<1<127

d€(0,1)
M3 L f— 1— (W) 10 d=0
f—1—> (D 1il0 d=1
1 — (2) dlonadntoasuilugud
ianfifimsnlSountlas: ulongud nie z

5) ﬁ]f%ﬁ incf (increment regiSter)

tﬂuf‘i1f‘?@ﬁh’fiﬁnﬁwaﬁiﬁmaﬂﬂﬂa q Sunihmsdunadnindousuids dect
ymbznsdmivgiiars wazidoaiisd

gl ineffd -

Tonlosusud  :0<f<127

D £(0,1)
MmNy £+ 18— (W) iflo 40
£+ 1—> (B idio d=1
1—(2) xﬂﬂﬂnﬁwfaﬂﬁ1nﬂuqu6
uanfifinsalAnuatas: ulangud wie 2

6) f1dfa bef (clear bit in register)

Whufdundestaluimaes IndAdmualidy «or SpluvuasswaziBuaded

iy :beff,d

Tonlosusud  :0<r<127
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0<bv<7
M5 10— (f<b>)
7) 11614 bsf (set bit in register)

a fd 4 -3 Or d’
dudrduzadaluidmaos Idansmualfidu <1 SpluuessonzBuadsil

P UBDT :bsf£b

Tonlosusua :0<r<127
0Sb<7

M3 1 — (f<b>)

8) ﬁ‘l'c% 3 rif (rotate left register through carry)
Wuddemyudoyahuiianes limedodguranna (camy flag: ©) Stuuuuazsw
azidondai N
UGN -riff,d
Tonlosusud 0 <¢<127
d€(,1)

M5 ;

C}"&DT D6 | D5 | D4 | D3 | D2 | DI DO‘_‘I

urlanfiinmsn/Aeundas:
9) ANd4 ref (rotate right register through carry)
Bumdmyudoyalumernaudh i humanmaimaneauas st e dmdugl
waz e Suadel
FRUBG :ref f, d
Tolosusua  :0<¢<127
d€(,1)

MIN19 ;

l—"c ™| p7| D6 D5 Da| D3| D2 D1} Do

uanndmslaoundas: C
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10) M9 swapf (swap register)

dlufdsadudoya 4 fauunde 4 finarvessimmninavosnsadudoyasziiu iy
A o A A fo a Ao o 1 du y o o | t ¥ o
IR W 'H'595ﬁﬁlﬂﬂﬁﬂ?!ﬁuﬂﬂ'lﬂ‘]iﬁﬁ'ﬂﬂ'lﬂ'lﬁ Iﬁﬂﬂ'ﬁﬂ'lﬂuﬁﬂﬂyﬁ “0” 159 “1” ABYINY
=) ol ¥ o g = [ 4 :l’
Tvmeinassnsadudeya dwivgluuuuasswaziBoadsil

gi.lu'uu :swapff, b

Towlosusua  :0<£<127

dE@O1D
MM N30 d=0
f<30>)—>(W<74>)

(f<7:4>) —(W<3:0>)
n3dl d=1
(f<3:0>)— (f<74>)
(f<7:4>)— (f<3:0>)
2.3.1.3 nquirdansnss Tnauazanmuiwumsihauves Tusunsy
VA0 9 ﬁ1§ﬂﬁﬂ goto, call, return, retlw, retlw, retfie, btfss, decfsz 11A2 incfsz
1) ﬁ‘lé’! goto (go to address )

dusrdaidmualiafignss Taalivhaunermasafidmualimizennus Ilsunsy
Taghifidewlviriidmun o TnaTuiidea i 2047 s oaziduniiei

uny :GOTOK

Toulodusun 0 <£<2047

MINM : k — (PC <10:0>)

(PCLATH <4:3>) — (PC < 12:11>)

e 1 swuluda: 2

2) ﬁ'lé'ﬂ Call (subroutine call)

Husrdefiimualddfigns: Taahihwi TsunsudesTaslifidenlvuazszndun
dalusunsuméndsedlenudds reum 30 reaw ilonszidndsil SRgeshmsifium pe 13
audinlassaTudd niawnfidRghantuTlsunsubeuads feznduinsum peswaninudy
nayhhhusestsgnAss juuuuazs wazBuaiiaai]
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PRURTET :call k

Toosusug 0 <k <2047

AN : (PC) + 1—> TOS, k — (PC <10:0>)

(PCLATH <4:3>) — (PC < 12:11>)

fwoudia: 1 fwlmfa: 2

3) ﬁ‘li%@ return (return from subroutine)

Wuddsiindsiiamigns m’hf‘;uqﬂmsﬁnmuaﬂﬂsunsndaauﬁa iiedgnsziids
ua sz lle s PC anadinfin iy B ans nroumihiiinssifide cal mimiunssTan
Wi woamsafidmualas pc I‘I.lmiﬁﬂu'[l[illﬂiﬂdﬂﬂﬂﬂﬂ%&ﬁﬂdﬁﬁ1é’ﬂ retum M3 retlw A8
Muierue

 ptuny : return

Tonlosusua Tl

MINI : TOS — PC

Suisa: 1 S lufia: 2

4) ﬁ‘}ﬁ." 4 retlw (retlw from subroutine and literal to w register)

SusdaiiflunseonsinTsunsudesdauuumitsfifinnuuanareenids return
Asah 'nﬁ'wmnszﬁﬁﬁ'@fﬁtﬁ')iﬁqu'lﬂﬁnt:ﬁ pc uaudn tenssTaanduhiinuded

.& o ar : . d' J o e'f d‘ o YA o d'
ueasaaadmualily pc suduusariandenindidandmualddfignsz Tasumioud

€y

o =

Tisunsudos niousuiudaiims londwmnef fdmual3aotomds reaw Thiutilu
P71 o '
Simaes w A

+ ¥
o =4

¥ & o o v A4 o 4
sutumdstisailss Tonivndmiuldsunsudosinerdostunmnilanisamedum
& »

= o

niowilnsdoya oS unin look up table dmiugunnunssiazidoalisil
quuuy iretiwk
Tolosusus  :0 <k <255
M3t ‘k—w
Fudsa: 1 $Swouleda: 2
5) A& 4 retfie (return from interrupt service routine)
o & A - ] = = o | & [Y o © I
dludid il $Flunrsesnsin Iksunsudesvean1susmsdumes TUA ndseinnszimas

»

- ) o o A o ¥ da ] = = o | o™ T
ingezndulihanuduwearsafidannueamsagamemihnunewnamsdumesiUa laom
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g -] [ ey o { = = |9 J ar g o g
vawsamsatiziu B lumdnladaTula niminfifanmssuneisUavu nieunutiudam
MIIBALA GIE A0 mammsammamsnauaummsaumassﬂmawwganﬂsa HawINgn
amedalususihimsuSnndunesud ﬁmmiﬂtmmmzs1ua~saﬂﬂumu

FRLBTT : retfie
Towlosusua  lud
M3 : TOS (PC), 1— GIE
Swwasa: 1 S wwlmfa: 2
6) A bifsc (bit test register, skip if clear)
ﬁ o & y aa &4 A a Ae ~ d o
Nuidanse Tarsthaliteuluuunilisehmsas wasviandmualuidamedide
poumnasimuionlufeznss lnatwuermsadaly 1 usmasa ud o audenueansada
: A o H : - L] * 10
smiuitenlunsaseaouiie danesasaemiudu “0” uiely dlvnsenizlaalivheuly
o ] Qo W ] o o 3 =
uemasartia 1l nadhlaily Tudeauilu <1~ FRghezienluneans ade llaulnAdnuuzves
t 4 [
mymam lunsdindaties Wnamshnumloududmds Nop
dmsui v lwRan1d vinastsaeuassmuitoulvezld 2 lefa uad luas ez 1y
=4 -] o o - - w H’
wosleRaRoadmivpiuuuuazswasidoaiina
Jtuuy ~sbtfscf,b
o o
Taitesusun  :0<r<127,0<b<7
MSNIMU sz aadwueamsa 1 Aumuad f<bv>)=0
a a d ° =
WA 1 duaulean: 1(2)
7) A1 bifss (bit test register, skip if set)
Q a'a 0 = A 4 a o & 1 o | '8
Wudrdansz Tanetsiitdonlvuuunils Aegviinmsasavaoudantmualusimaes
' & ™ ° A
doneu  winassamdou iz Iaadusmasadalll 1 wemasa udrinhinuden
o S A A o A > a ) 1o '
upARsHaNIY 1ou luniaseaeuneiianiasvaeuimiiu 17 nie'ld A11¥vnsz Taaly
9 ar 1 ' v o o 1 =
manluvearsadal uad hildiufennilu <0 Ffigneshauluneamsane linunladns
» [y
M lunsdindaiies itwamsninumileududida NOP
dmFuialaRanld minasvasuasimudouluezld 2 Twda udd linseez 14
o laRa@e) A1de bifss Tanwuzmsaseaeuidou lvvenisnis Taanns iU 1T bifsc

»
dmiustunuters wozdualiail
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Fa B :bifss f, b

Tolosusud  0<£<127,0<b<7

MINNW - psz Taadnuueamsa 1 Awvdad F<b>) =1
Suudsa swulwde: 1)

8) ﬁ'lé'i'l decfsz (decrement register, skip if zero)

o w ' . < 4 ° ¥ £
slusrdense Taneoralioulunvunils  fezdinsaamluisamosamilinuda

as1vaouInilu “0” 3ot winasmudoulvAszns Taadhuueamsadaly 1 ueaasaudass

o y = o L chc o/ o ¥ d aa o -
MIAMUADNUDAIATADANNUU ANUDIT “ﬂlﬂﬂi““'lﬂ'ﬁaﬂﬂ'lﬁ‘ulg')ﬂzﬂﬂlﬂﬂ1ﬂui ITADIT W N0

oty o a o n’: JJ o 9 A oy 4
5ﬂﬂ£ﬂﬂiﬂ31ﬂﬂﬂ15 mwuagﬂumsnmuﬂ'ﬁ'ﬂuammmnmﬁas

dmfvinnlufadild 14mnﬂmaumammwu'hm"'l‘ﬁ' 2 'lwda umn'lumw"l%

!ﬂﬂ@l‘]ﬂﬂﬁlﬂﬂ') mmu;ﬂuummwa‘ wawtauﬂumu

P ADY tdecfsz f, d

Towlosisus  0<f<127,dE[0, 1]

MINNY (ASBId=0,(D-1—— (w) nszTaadumitaueams e dnavesnsannt
o

4 .
asat d=1, © - 1 — @ nszTaadumilaueamia firaveansaam
wWuo
$wmdTa: 1 swoulada: 1 )

9) N4 incfsz (increment register, skip if zero)

H
=4

o o v ad P 2 a ot ag o &4 1
Lﬂuﬂ‘lﬂ'w‘lﬂizlﬂﬁﬂﬂ‘h‘muﬂu'l'lum‘]]'l‘lud ﬂilz‘ﬂ'lﬂﬁlﬂllﬂﬂﬂiﬂﬂlﬂﬂﬁﬂ‘uﬂ‘uﬁﬂ'l

1 ' A o ar
udamseaoudndy «0” nield minassudoulviznsz Taadmnomasadaly 1 uoaasa

S o 3 A o g’l v e d’q‘o a v d o7 o
l.l%]iNﬂ'N'lUﬂﬂﬂ!lﬂﬂlﬂiﬂﬂﬂﬁ']ﬂuuﬂ'l‘llﬂﬂiﬂﬁ!ﬂﬂi‘ﬂﬂ'lﬂ'lil“nﬂ']llg’nzi;lﬂlﬂﬂ.lnu‘iﬂﬁlﬂi’)i W

N rsst dfo o o g ;J 1o o a0y L= o
nioivameiaudun1d MillvuegiumsdmuadoyahdeniniSmnes

Amivinlefanls vnastsaeuainnionlvez14 2 Teda uadi hins s Mo

TAa@e) ﬁmi"vzﬂnmuunzs1ua=1§uaﬁﬁ'zﬁ

;ﬂu‘u'u cincfsz f, d
Tolosusud  :0<r<127,dE[0,1]

. - 4 .
AMININIY AT d=0,() +1 — (w) nsz Taadhunitaenrsa Swavesmsaanm

whi o
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Mid d= 1, (0 + 1 — @ nszTaadumilweansa wavesmsans
o
fwdsan dwoulwda: 1)
23.14 nqusrdanauglunsaouTnsomed
fivaa 5 Mdafte cirwdr , option , sleep , tris BT nop Az Rez 19 PIC16F877 v
3 MAIRD clrwd, sleep L1a% nop udmmimmza%’munnﬁﬁa Failmsedida option, LA tris
321119 PIC16C5x
1) ﬁw?ﬂ clrwdt (clear Watchdog Timer)
Wusdsilflunsindesaweneaddon Inweduazmoaaesnwluds lulasneu
Tnsawnes wioufusaiia TO oz PD ﬁmi"uiﬂuummzswam’éuaﬂﬁ'«ﬁv
iy : clrwdt
Toulosusud - W%
M : 00H —>WDT
0—>WDT Sawnaines
1—>TO,1—>PD
fnronzfifinsnfounlas : Towaz PD
Suise: 1 |
$ulmfia
2) ﬁ'lﬁ‘"ﬂ sleep (go to standby mode) .
udrdafidmualiFfghonluTnunedyl Worssniandsan nammaseidids
fmmumelueadaen nesegnindes Willugud wiew qfusvenSanaasinly
1endaenInwesfan luvasfl TO segnim uaz PD sxgindostiidugud audalins i
ﬂmzﬁ%ﬁga;j‘luinmﬁﬁﬂuﬁa f'hni"u;ﬂuuuuﬁzsmaznﬁuaﬁﬁaﬁ
;ﬂuuu : sleep
My : 00H —> WDT
0—>WDT Smnasaed
1—>T0,0—>PD
faomzifimanivunlos : To uaz PD

fmwudsa: 1 swlefAa



3) A1d4 option (load OPTION register)
1] [ ) »
WHusrdsilFlunsdmuanivesiimaes oprioN Tausi 1¥fmuaiivzifiveglu
13 » .
$mned w mdsimunzandu PIC16CSx 1ilp991n luausaidhds3dennes opTION 14 Tavase
o -l A ;
dmivgauuunasswaziduaiideil
zﬂu‘uu : option
Tonlosusud il
M5NNU : (W)— > OPTION
4) 49 tris (load TRIS register)
o o o ° ¥ A L4 o ° - [
Wusrd i lunmsdmustivesisamed TRIS Suilumsdmuaiianenisoionen
] 1 d ) 1 d
fygravewesa Taviinsdmusiissfua 13 uiSmmed w Adsiiminzanudu PICI6CSx
Y Lot »
itesnnhimansadnt imaes TRIS lATavassdmivpthanazswaziBuaiinei
silun : tris f
Tewlosusud  :5<f<7
MM : (W)—>TRIS ()
5) A3 nop (no operation)
-] & = o r A' = =4 e o n': AI’ = | [}
WAusrdamimine 1Flunsmitenar mssledfgniziddsiissifanaiivsode
- . 2
\Au7fe A1993 PC 1A
2.3.1.5 nuidalszananamaasin
N80ty 6 Adife andlw, andwf, iorlw, iorwf, xorlw 1102 xorwf
1) A4 andiw 1102 andwf (AND operations)

Wudrdaldims “uoud” dwesdoya Tao andiw sziflunisueud mnsiifuaitu
Fimaes W udwavesnisusudvziiu 1 uSimans W dau andwf sziumsueudszndnem
- ar = a4 y a PN @ °
S3mesla q AUSTmees W kaveamsuszulanamusoideniu 1@ WinuniTames i

g A asn o @ = - o a’
msuouAnseitames w dmiupluuuunzswaziduaiidal
A3 andlw
uuy : andiw k
o
Tonlosusud  :0<k <255
M3 : (W) AND (k) —> (W)

=\

aaouzninsnlasunlas: z
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2) M3 andwf

3wy : andwff, d

Tenosusua  :0<f<127,d€(0,1]

AU : A58 d=0, (W) AND () —> (W)

N3l d= 1, (W) AND () —> ()

Saaomesifinnn/foudas:

3) ﬁ’l’é’d iorlw 1102 iorwf (OR operations)

Budrdslivims “ees> mwssdoya Tao iodw suiflumsesimnsdiitumhiismany
w udmaveamsonizinu I uTimans W dau jorwf szifumseeiszninaiismanila q
fu $8maed W wavesmsUssanaaunsadeniiv 1§ W lduiTsmansivhimsoed
w3o3smand W dmiugiuuuazswazidund o |

ﬁﬁ"’ﬂ forlw

;ﬂu‘uu iorlwk

Toulosusud  :0<k <255

MM : (W) OR (k) —> (W)

finaouziimsiounlas - z

Aia torwf

iy siorwf f, d

Tonlofisun  :0<f<127,dE[0, 1]

MMM :n3dld=0, (W) OR (D —> (W)

n3dld=1,(W)OR (D —> (D

Tarmuzifimsnffomalos ;2

4) ﬁ1t§'€ xorlw uag xorwf (XOR operations)

Wuddslihims «Bnagiv-sed~ mwssdoyn Tau xonw szilun1nidnagiv-sein
asiifuiluiianes w udarovesndnagiv-oefeziiu 1 Timney W dru xorwf sz
HumsiBnagin-sesszninaiimeesla q MSTmaed w navesmsilszuanamuisaiden
&z hfuiisicmesiivimadnngiv-oeinieismany w  dmivgduvuuas

a awd
TWATIDUANRIU
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ﬁ‘lé’i xorlw

gﬂu‘uu s xorlw k

Tonlesusua  :0<k<255

MIMIU : (W) XOR (k) — > (W)

finaomzitiminaounas : z

fmuiia: 1

$ulmfa ;1

fis xorwf

vy : xorwf f, d

Tonlesusua :0<f<127,d€[o, 1]

madhen n38l d=0, (W) XOR (D —> (W)

Astl d=1, (W) XOR (D—> ()

finaomsitiman/@ownlas : z

fnuiia: 1

swulemda: 1

2.3.1.6 nqudalszuanamendamand

fifofiu 4 Mids uaduddafioatunisun 2 fdsfie addiw uas addwf Mdafoaty
AITAY 2 MG sublw UAZ subwf o

1) A9 addlw 1Az addwf (ADD operations)

duddaliiimsuinaweseya Tao adaw dudidaansneiitumiiitones w
udwaveamsuinezin13usianes W da addwf iJusidunsen i luiSaaedla q
MiTTomes w navesnsiszuanacnsodentu g he 1 ifuRis amesimmsuannie
Feames w f?m%"u;ﬂuuuuazswazs'éﬂni’sﬁ’qi‘:

e addiw

uvy : addlw k

Tonlesusud  :0<k <255

MINNNY W)+ () —>(W)

Sagemziimsn/douunlas: ¢, DC, Z

fwudia: 1 Swulmda:
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189 adawt

gﬂmm :addwf fd

Toulosusua  :0<k<127

d €10,1]
mMsim (A58 d =0, (W) + () —> (W)
st d=1,(W)+®—> @

DaaomuezAimsnidowntas: ¢, pe, z

wudia:

swvlandia: 1

2) ﬁﬁ." 4 sublw 1182 subwf (Subtractor operations)

dudrdaliimsavswesdoya Tao sibw uddsousnsiisumhiiiomes w
udmavesmsavezinu 13 S mand W du subwh fumdauszninmiuiimnesla q fu
Simeed W navesnsilszmanamnsadendin 18 e iy s nmeidudmmie
$oames w dwmiugtiwunasswazBunlided

ﬁﬁ‘bd sublw

j‘ljmﬂl : sublw k

Tonlefusud  :0<k<255

MINNMU (k) -(W)—>(W)

finonzAlimsnfaounlas : ¢, be, z

Smaudisa: 1

$1ulanfia: 1

ﬁ‘lé’»! subwf

3uun : subwf f,d

Tonlesusud  :0<k<2ss

M A3 d=0, (D) - (W) —> (W)
nItld=1, (- (W)—>(®)

taamusnimsufavunlas : C,DC, Z

Smmuie: 1 Swuleda: 1
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uunlan enso)lszged 1$0uldenvaetaus

ar og ¥ L 1 = - L} ar L o =2
o vinlunandldasnasuvsuniumemiell FmlvImidnezneauearesa T
13 3 A [ ! o 7 v A ¥ L]
atuienwiovasauualan uAdmivnoulildnayll diogudewd i
v’ ; 1 r L]
auurAvInAuiusY
o SmnsifuvalariansasumsiiFuveunsosdns Awmsiadvgoasmaud @
3 o 1 - o J - 1
annnauemsdemdeda ) T luve  uazdadlonsadu deasinawirveis
' a 1 l; + " on L L]
Tavldunnlandes dnfuriniu umarni tdonlfluszvnlfuemeamalng
1] 3 »
naoviess Taszonmoluemsmng wiseeia 1Rnmnnd il
o snnnlduvalan lumsastemeusutinsi dasunieli mswidndnsulases
y o o Wy A4 ]
senuuuauniduinwenreia’l’d Wedesszadniu
u o 4 4 o
o dumpnahindy uunlar ilivesdariieuu gawdunazandy
v - ¥ o - a o A Ay & o
o mdur Wasemsouihiie lufamg iislidieosgnnssuiu Taninduey

o " 2 y o
fadnnauorreie unzmouunlan sevihiioddosmaduszalsingiun

2.5 A3 MU NEa (Light Independent Resistor)
a8 ' 1anea (Light Independent Resistor) #3903 untfu q 31 LDR Mu1e1nms
- o s aa & o & o
unaiousa 14 (Cds) niounaitionda Tud (Cdse) Fuiluasilszpourianedaninnmmiuy

1 = ‘I L3 == L4
s e IFBugsewddenisnasiemer BeemndaInsaadratugyl 2.24

maua
n; Joataw: alamanain

Sl aril

FWITWIN

31/7 2.24 Tasamdreves LDR
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2.5.1 AMTUUANNNUBY

LDR Tareuaausasndu 400-1000 wiluwas (1 wiluwas = 109 was) ¥
aseunqy  $19nduiTareniny (400-700 w1 Tuins) siufie LDR Tadeumeefiad unzums
snmaeald nie nosadewmanzdilideunsdurhisainuesliifusndis @renauds

s 700 wTuwasaul)

i muhiiu 750 wlhanes

100 100~

75 75

50-{ ‘/LDH YU Cdse

25+

50

25

100 walucuws

T T T T T T ] 100 wilwuwy

o &4 4 o -
3U7 2.25 nsMuaanmlaves LDR innunisaudn o fu diouiuainu

2.5.2 puuoniamatid '
o . Y dw 1 o Ao a1
8A318UVIR WA MmUY LDR vz hifiuaaty Tuvazifinas erndiddadiu 100,
o
1,000, 10,000 i1 udmAuvYHTogu Anudmmuluva: hilinasezeglussedaug 0.5 MQ
J ==ﬂ U L : d a . L
'y uazanudmmuvasifivasszagugadand 10 KQ asmunswugagaldinanh

100 Toan naznumay sz 50 mw

2.53 M3IANUAIMMIUYe] LDR
A - a ar : =y [ 3
119990 LDR numds i 1difioalszum 50 mw danfudusi1dleviuiines 3a
A7UAUN MUY LDR erwmnnuidonio sy LDR 14 151919 5anwdunuves LDR 14

» L »
Tasdeudail Taveduraesutians sy 5118 NuFURUSsEHIN Vs V' Al
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v . V= (F7R+R).V
w & A%
AIUUAT B 3911
Vad If >~ -~
R vV R = R{(¥/¥)1}
1] PR

31N 2.26 NesULASIAU

»
smanseldndnmsiiiannudiumuves LDR 14 Taomsde LDR aynsuduTian

Himosudmenuunasniov A 227

Hov MRS B 2w 1éan

§ R = Ay{{vsv)-1}

R Teoft v = 10 Taml
v = unmuigmldanlailieas
R, Rv= smudwnrasl evifunai®ed
duflu 20 KOy

51/ 2.27 m3ne LDR eynsuiy Taaiiimes

» »
o o o - A:: -
auiudasmnaveslnanimes 137 10 v anudumuses Tanimesszily

(10)*(20K) = 200 K2 wiommng 5 v 9214 Rv i (5)*0K) = 100k Q2 iiludu

2.5.4 m»i1 LDR Wl¥am
e @ d v A o v o w = ‘W
Innanmsdanaudissmuduiniiuass19naniiaa LDR fysuai nanudd
F] M A ' ’ o
LDR szgaiinanindanudmmud uaziiie hifiuerannudumuves LDR fidige

»
nyzua'ivalales 1319301910 LDR Widludulseneuveaimes Sanudunera1ddail
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100K

31 2.28 n3td LDR diudauilszneuvensesfimed Sandstnaie

i - o o
ueneniiise1nld LDR hunsesadadniugudoues 14asi

Hep +Vog

§ ™

o

LDR

310 2.20 nd@nn3 19 LDR Tursestimilaeing

a | 4 ar [ o
Tuz1#i 2.29 LDR uazanudmmmudium 14 1 Mw dluasesiniansadugal o, nsadu
L] 3 o A r A =
Vout sslifufeumniny  Vee ollumauenuazazianisoiie Inluaunain  diu
ﬂ o 9 - A a o s = ; = v A 114
11 v dhmuvasaiuin Anlieliuganan ussduemigmezling nazezdiigaiie 1l

nan

2.6 qﬂﬂ‘i dt'm'nﬁ‘nﬁ)&' (color light-to-frequency converter)
ET-TCS230 dlundasuain Idiheginsalisuisesasiviamscauanuaiavesd

4 > w ] 7 i i L ¥ A
fie TCS230 FgUnsaidmdandnitonnsofisznfdoumlasinnuainvesdimnannizny
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AuaUAYDIA ET-TCS230

Mamnuazdoavowadnigs fvnmamlasnnuduveanaahhily
AT fo)

annsoTilsunsudenasieiaaidenfames (RED, Green ,Blue uag Clear)
AWABINI UBT AMUASTAVAYYNUYDUDTANA fo (Frequency Output) 14
aunsehimsideuRedyguaiag miylulasneuTnsanes14Taonss
faufusedu 27V 8 ssv

’
o o o

TCs230 WuSwiiigueamianumaanud

. A ;
ANUARININAOY 0.2% NANND SOkHZ

finaeald LED dmfudhnisazioudveaiag

1
ETY
50 . O
e d DIRACRY

311 232 swaziBoaveunia

2.6.1 3WAZIDBAYEILDIR

o o d -\ A
2.6.1.1 DIR/CPU iHusunlesdmsumonnisvaiuvemaea I LED dalivdinlu

msazfounasivesagindaaudvesduvwes TCS230 Taurunsmdonldneadnuue

-
flo
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DIR

CPU

DIR = n3i¥oudn2913 LED v @aade) aasana lau ludeatinsaiuau

Ta9n CPU
=) a 1 4 - L4
CPU = fia MIAINAUMIHINOYYEY LED #28 CPU vio TulasneuInsaned

4 i o
AMoUBN Fe9zAIURNNVIFYYIU LED Y89noumniae{ 8 PIN

2.6.12 NAYYIUAN
v 2
woninifoutuneummmeiuuin 8 PIN TavTiedaguazdulio ineswazainlu
+ 4 & o 1 = ¥ oo d’
M3 Ao lrnudndygudie mihasi
¥
1) +5v fle ndyga lWidoassduvan 5 Taan
2) OUT fie widgynauetdna Taelirmeenuuiiuaind (fo) ifugilafudman
A \ 3 o 1 3 o3
Duty cycle 50% #9f 1A Nun sTuliAua s veaeianAsEny viaveddames
3) S0 nar S1ifundyansudenszrvvesdyannuiiedinm (fo) Tasanin

b 4
iHan1A 4 52AUAIAI519AD 11

A1IN 2.15 M musIzA udygUAINRD AR (fo)

S0 S1 OUTPUT FREQUENCY SCALING (fo)
0 0 Power down ("hiwﬁﬂﬁ'iyiymmm?;)

0 1 2% (mmﬁ'e“h)

1 0 20% (AA 20%)

1 1 100% (mmﬁqaqa)

o o { a +
4) 82 uae 3 1t dgygranifdenyiiave sitaresvaa In1dlaTaansde s
E 4
g AweINde 11
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A1319% 2,16 M musriinveWawmeTyes I 1A laTenine s Snd g u

S2 S3 PHOTODIODE TYPE
0 0 1A (Red)
0 1 i (Blue)
1 0 hiliWawmed (Clear : no filter)
1 1 198 (Green)

[] | B
5) LED ithundgygaiilf lunsasuquvasa I LED MWaaadie ie du fisiinin
(] 4
doan1NezrIuRun 3R eIuYes LED nnndyguiiszdevimuiiendules DIR/CPU
e LML CPU #av Teszamnsniimsniugun1sieaiuvesnasa LED 14

A13199 2.17 a3l v e dyn e 199 ves IC TCS230

vidyans | VO fetu
GND Power supply ground
OF Input 18y 10! Enable FeynyIaunrmiiomng (fo) innuiaein “o” Ta
Tuyeia ET-TCS230 1801360 Ensble 131Mud7
OUT | Output iy ua N Ma) Miasunlawmamimahevesd
$0,81 Tnput vidgygsune MvusszdudygruanutownaE@eniog
a P
swazidalAlua1I N 15)
283 | o v dgyanaudentsunnye Photodiode nio AvesHainn fdasns
(@wIngIwazdua @ luasedi 16)
VDD
Supply Voltage
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2.6.2 muiThfl¥an
wfygw S0 uaz 1 14Timsdedun PurUp 13 (s0=1,51=1) Faesth szdu

Fygrumniodmaeglussay 100% oguds FsdmindesmiszAudoaud 100% A6
Wudes  dedygnannaiugu  addeansiissdumesfesredyanannnivgug
swozidealumsnd 15) Fwdgygaisiiudesnuguifendygm s2 uas s3 Tao
S0 lunise mdvndasusesdnaniinunsoh1dTaomsdenfameivosiii
ABINTI thumm‘i"uﬁmﬁﬁm'i'q;qpmmmﬁ (fo) ey ies OUT udrviamsiitue 144
asszihimsusnifudaunlsesn i 3 dunls Ae Adsuma una (Red) , 1983 (Green)
unz it (Blue) Farnnsnaqlan ethatumeusIN Fail

#et1adumeumssumd RGB

(1). fmumaedn1i iy S0 iz S1 oM muassAuFygPuABe AT

i Reams (g3 wazduaninmsiai 1)

@). imunaednld 52=0,S3=0 eidenTnmesFuns

3). ﬁuﬁqﬂgmmmﬁ.ﬁmﬁmmm OUT 1funadniadatnls Red result

@). fmumaninlyl s2-0,53=1  eidenaines ity

(5). viudgyaunnaindyg u oUT HukadNFaRaLs Bluc_result

(6). imumaeinld s2=1, S3=1 Meideniamesdider

). ﬁ'uﬁq;mwmmﬁﬁmﬁmmm OUT INURDANT 8@ 113 Green_result
WINBIN : 9T ABNNINS On 130 deavinld LED ﬁ’nm’nnnns:a'?"lmnﬁiimﬁﬁqimmﬁl#a
Wueves LED azdounmavesiiaguuunminsuses wie dmindeamslinaeali
LED #as1eraeanmn Widensunles DIR/CPU infidumis DIR

2.6.3 m3l¥au ET-TCS230
o ] 5 » } 4 a o 1A
nfd1 Tuvudus 1oz 1AnadnFoonin 3 A1 Ao Red_result, Blue_result t1Az
& ] : 7 @F L =4 H -y ‘; 1] 1
Green_result 3113 3 iszdlunnufuiusvesdniiadu nie Sonldidunweanid RGB
(Red, Green, Blue) lauiing loTimaRGB uanaiadu 1l is3semnsoswundosniilud

a139 TAnnanuduRusyeam RGB 1141
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<
2.7 3108 (Relay)

dlugalnseiinimin (Megnatics device) mhiifluadadindnnisianundroiy
vanramimansndiuaiadnuguidiinudinIni 19 lumsauguaiesIni 1dedq

Hannau

2.7.1 Inssadavesdiad

awlulnsadaveddiadezibsznou i ovmata (Coi) 1 ym uaz mhduda
(Contactor) Falumiiud 1 yn sx1lsznouadae

2.7.1.1 nihdudanuudnAlla (Normally Close n3e NC.) ¥aluaanzilnd nitszde
Elt_iﬁﬂ'll‘li"m {Common) : o

2.7.1.2 mihduAmuulnAila (Normally Open 130 NO.) viilezaodsuusy

A a Y ' a v o d a
(Common) HIDYAQIAUUTIAUANATON HIDANT :uﬂ1“ﬂ"1u (1uﬂi!l1ﬂlmﬂm1‘lii)

2.7.2 wdnmuinmvesdiad
L o s v L) r - A
Wi31ad 1 &2 ewlimhdufaunnd 1 ga iy 2 g, 4 g8 iudu eduadnda) e
o ar » T A o -
waadaldTuussduannson (11 A uaz B) o ilinrzualnaruveaia Feszviilviia

snnseummimanasgs imhdude NO uaz C Aafdu Al 2.33

” QN

o
NC

11 233 namamhdudaveSiadna tunsdintiuaz Lilius wuanniou
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= ° <% 4
2.1.3 nqugmmhauvesiad
r:} o = 4 ::"dn []
uimIteueeaduuuiingh
' d .
usedsgauaiman wih O Girgap flux, ©) 2
- 4 1a 1 g A a o W
fusr I uimaniinisusa wldn

bai

>
U39AsRALIMANYaMNA F = K112 ~ K2
A & d::i as YV o o
o F=Usiannnegqaa nmiaund
Y] 1 Y a J i
K1 =amamdmiudeuninssuen s

I=AINITLUA rms JUUADIA

K2 = usshumsga (a)54)

’

2.8 ladueon
i laAussdunlszgaRldtuamufidesnndenTyma s Idinmthmassuna
Taoass Taedgyane i ffloudnmsvanie ssiliunuaisuiminves Tedussdiia

4 ad A aa 3 ° v

msnasuntu musdsuiiiesiisni 1 1Fdse Tond wu danasudszqenl’, Tty
A o aw o A o < a vdave 2 ad o aw
nsudsahing Tnviamu we ngavie aaq mezudnun Tedussanidiugedin visld

fuTWinszuaady uaz IWihnszuaass

<
unymmn'mﬁn h
ROURIRAZAIN ]

:— KNUNHIRAIA

: PRAIA

o 4 a
110 2.34 Tassndraiugives Todueod
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2.8.1 néamaiisvesladuess ‘
A4 a & o - a od 4 v o &
detinszua i Inaluvaalsdnirlaq Anwee Heaunusimaniuseuadniniu
(931% 2.35) uazfseenngilovimnligfenuduus unindnaie fie Suerlovidwemdu
vy
an (eene1 10140 IH 220 v nie gendimsizen il Tenaldesiie 18) Taviintauiie
= e P2 =) : & o & o = o 1 d & v
unufiemanszie lva dimdenomus @l 4 17 uaz seviulimaReadu diialun) e

» 1 4
waasRemadunss wimanene?1d Tudaumie

auTHhnAN
- a -
MARTUTDURI

aszualva
e

AR

= a4 a v d da 4 A a ' Y
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¥
T Inssad v ladusodny Iadiniuszd oW uvAa1A shaded coil T8 MU
. & o o =] =] =] e o > ¢ o
(ring) FuluamRusouunumdnifissseudumie lifseudasenier Piau ymbszeasnimiu
LY o o y o ] - o ~
Pimizlunady nszuagananniiugud diswih s gamivananas uaz mlidads
& J 3 ' A A a » a’ o 1Y) v d o
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-~ A oo & A a a
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Wfuaumiman sxdemsiinsanimdnuuaiunisge lusil 18 st mifansgydy

d 14
(loss) vasanuiouluvantathaiiudauanilfou

2.8.2 Fumpunsaenidladuend
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Aluies Tsgeinumin i iitisfandningq fe
1. ussdulFan b Ias inde Inadu Suilu Inaduidagaiud Iy
b 4 b 4
A3 ILABINITAY
[ . a5 4 = [}
2. %2391 19911 (operating stroke) voqluAussdszdnandeuiiiiuszozniaviila (e
o g a s
Amuaithitiadiugs)
3. yuinvad Inaa e ldussvnam ladnazueniiundy
4. ¥ auseiomss T milFaunemia (continuous) ¥U0H4 15191998 Tduseau T

b4 ¥ ] o [ % . .
Whradan e 13 18ao Tasvaans Ll lnimSethuuvudanaze (intermitent duty)
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E:\project\gassolin\gassoline step 5 modify 15 2 08.bas

¥ ook ok 3k o o ok ok ok ot ok ok 3 s ok ok ok ok ok ok g ok ok ok 5k b ok Sk ok ok b ok ok ok ok ok ok ok ok b o 5k b ok ok

re Program : LCD *
"k Hardware : Programed by mier *
T CPU : PIC 16F877-20FP *
'tk osC : 10 MHz [HS Mode] *

F ook ok gk ok b b b b ok ok o 3b o ok ok sk ok gk ok ok b b g ok ok o o b 5k ok b b A b o ok b Sk ok b b ok ok o

define osc 10

Define LCDﬁDREG PORTD
Define LCD_DBIT 4
Define LCDARSREG PORTD
Define LCD RSBIT 3
Define LCD EREG PORTD

PORTD[7:4) is LCD data pin

- w = o=

RD3 is RS pin

Define LCD_EBIT 2 ' RD2 is E pin
Define LCD BITS 4 " LCD 4 bit mode
define botton pause 25
swl var portc.4
sw2 var portc.5
sen_1 var porta.o0
sen_2 var porta.l
sen_3 var porta.2
sen_4 var porta.3
enter var porta.4
£ill var porta.5
adceonl =7
active high con 1
active low con O
delay con 255
rate con 200
i var byte
tim var word
start:
sub var word
sum var = woxd
BO var byte
coin var woxd
Bl var word
B2 var word
B3 var word
c 1 var byte
c 2 var byte
'c 3 var byte
tim b var word

' ****;****************** main Aot 5k o o ok b ot b b b 2k o b b b b o b ok ok b b ot b ok ok b o o b
for BO= $c0-16 to $5cO
ledout $fe,l
LCDOUT “ Gasaoli
LCDOUT S$FE,BO,

"DISPLAY LINE 1
;o misr” ' DISPLAY LINE 2

pause 100
next BO

main:
Bl
B2
B3
coin
sum
sub
c 1

oo
¥ oNeNaNoNolal

*

Page 1 of 4
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E:\project\gassolin\gassoline step 5 modify 15 2 08.bas

c_2 =0
"¢ 3 =0
tim b = 0
tim =0

low portc.3
low portc.2
pause 1000

ledout $FE, $40+(8*0), $00,300,30F8,5$11,%$09,511,%$11,3%11
B in:

pause 300

button sen_l1 ,active_low,delay,rate ,i,1, twenty

button sen 2 ,active low,delay,rate ,i,1, fivty

button sen 3 ,active_low,delay,rate ,i,1, hund

button 3en 4 ,active_low,delay,rate ,i,1, five hund

button enter ,active_low,delay,rate ,i,1, wait_money

ledout $FE,1," ¥ Vo

ledout $FE, $CO ,

goto B_in

=y =",dee B3,* BV

wait_money:
pause 500
gosub show B insert
gosub show_ B want
button swl ,active low,delay,rate ,i,1,chk 1
button sw2 ,active low,delay,rate ,i,1,chk 2
button fill ,active_low,delay, rate ,i,1, cal
gosub chk
goto wait_money

cal:
if B3 < sum then eror
if (2*B1)-B2=0 then tim set
tim b = 0 HrdxAAAAARAAdAryhen use want to cash
loop:
for BO= Oto 100
lecdout $fe,l
LCDOUT ‘“Losding= ",dee BO, V4"
high portd.0
ause tim + tim b IR IS FS 2SS LSS S S S
WIS ISPl iiiA

if fill = O then goto unit_pause
return pause:

next BO
goaub caluate
gosub chg
no_chg ag:
pause 100
low portd.oO
gasub thank
pausa 1000
goto nmain
unit pause:
low portd.0

pause 1000

'stop

LCDOUT S$FE, 1, "pause”, dee BO, %"
if fill =0 then gvoto unit_pause ;***********i’**********ﬂ’******

Page 2 of 4 15/2/2008
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E:\project\gassolin\gassoline step 5 modify 15 2 08.bas

unit resume:
if fill =1 then goto unit_resume ;A ob ok ok ok ok ok ok sk o ok b st ok ok ok b Sk b

pause 1000
goto return pause

'***************subutine o ok sk 3k 3 o ok ok ot ot 3k ok 3k o 2k ok 3b ok ok ok ok ok ob o ok oh ot ot
tim_set:

tim = 0

goto loop

chk:
branch coin , [wait money, ten,five]
raeturn

show_B_insert:
ledout S$FE,1, “total monevy =",dee B3, " &7
raturn

show_ B _want:
slcdout SFE ,3$C0,"want to Cash=", dec sum ,"B"
return

chg:
pause 200

if [4*B1)-B2=0 them no_chg
for i=1 to c_1
pause 500
high portc.3
pause 500
low pertc.3
next 1
pause 500

for i =1 to c_2
pause 500
high portc.2
pause 500
low pertc.2
next i
return

caluate:
sub B3 - sum
c_1 sub / 10
c 2 =(sub—(c_1*10))/5
return

thank:
lcdout $FE,$CO , " thank y
return

ten:

" 'pause 500
Bl= {coin + Bl)
sum= {B1*10)+ ((B2*5)/2)
gosub show_B insert
gosub show B want
tim = tim +50
coin =0

Page 3 of 4 15/2/2008 13:55:00



E:\project\gassolin\gassoline step 5 modify 15 _2 08.bas

cl=c 141
goto wait money

five:
B2= {coin + B2)
sum= (B1*10)+ ((B2*5)/2)
gosub show B insert
gosub  show_B_want
tim = tim + 25
coin =0
c2=c2+1
goto wait_money
chk_1: -
coin =1
pause 100
goto wait money
chk 2: -
coin =2
pause 100
goto wait_money
twenty:
B3 = B3+20
tim b = tim b + 100 " htkdrdsktdkkkrhkrhhk
got; B in -
fivty:
B3 = B3+50
tim b = tim b + 250 PR A A A A kE A
goto B in
hund: -
B3 = B3+100
tim b = tim b + 500 " *waaxaaax
goto B in
five hund: -

B3 = B3+500
tim b = tim b + 2500 Pk ok
goto B_in

END

Page 4 of 4
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E:\project\gassolin\process bank\bank step3_medify 15 2 2008.bas

F ok ok 3t & ok ok s ok ok o sk st ok ok ok ok 3k ok o oF b ok Sk ok 3k ot b ok o Sk ok 3k o o o ok A ot b ok ok ok 3 b ok ok o ok ok o ok ok ok ok ok b b ok oF o ok ok o ot

rA
"
"
[
A
"
"
[

Name : bankprocess.BAS *
Author : programe check bank pass 1 *
Notice : Copyright f(c) 2007 [set under view...options] *
: All Rights Reserved *

Date : 27/8/20067 *
Version : 1.0 *
*

Notes : programed by mier

.

*

Tk ok ok A ok b ok ok ok ok b o b b ok b ok ok ok b ok ok g ok b S ok o g ok b o ok b b A ok ok b A A b o R b ok ok b A ko

T3k o ok ok ok oF b 3 ok 3k ok ok b ok ok o ok b ok b ok ok ok ok o b o o ok oF o ok b ok oF o ok ok o ok o o 3k o o b ok ot 3 ok oF 3k o oF ok ok oF o o o oF o oF o

INCLUDE “nmudsdefs,.has®

defina osc 10

' Include serial modes

¥ ook o ok A ok ok b ok ok o o o b ok ok ok ok ok ok ok ot & ok ok Setup lcd Ak Ak A A d Ak AR A A A KA A AG

cov _3bit con 1016

define adc bits

10

define adc clock 3
define adc_sampleus 500
freq var word
volt_1 wvar byte
volt_2 wvar byte

chk wvar byte

adc_val var byte

define adc_bits

10

define adc_clock 3
define adc_sampleus 1000

i var
delay con
rate con

active_low con
active high con

byte
255
200
0

1

TAERAARAR R A AR R AN AR AR AN [ For black I1ight sensor ] #*x*mttwkrss

sw var portd.l 'sensor

sw_mode var portc.3 ' "sw for set mode”™

fw var portb.1l

w var portb.0

lamp var portd.O
F ok sk ok b o o ok o ok o ok ok o o ok (i/O for sensorcolor TcsZ230 > #*Atkkktikksthk

lamp sensor var portb.2

82 var portb.3

s3 var portb.4

sb var portb.5
'i*********i******i***i*[mode Of scan Color ] st ok ok ok st 3k ok o o o o oF o o % b ok b

F_Red CON 0 ' TCS230 filter selection

F _Green CON 1

F_Blue CON 2

F ClearColox CON 3

filter VAR byte

red val var byte

green_val var byte

blue val var byte

Err con 20

red var BYTE[4] Fokxxxxkxd form color for bank 100 bth
7?72?2727 no set

green var BYTE[4] © #**#dxkdk form color for bank 20 bth
no set

blue var BYTE[4] TokkdAAAAk Form color for bank 50 bth

2222?22?22 no set

P27?2722

Page 1 of 7
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E:\project\gassolin\process bank\bank step3 modify 15 2 2008.bas

Cnt_color var byte

now_color var  bit

red_temp var byte

green_temp var byte

blue_temp var byte

adc_temp var byte[3]
T 3k ok b ok ok ok ok A ok ok b ok b A ok ok ak A b oh ok o A ok oF b ok o b b o b ok sk ok b ot o b b A b ok A ok b b oF ok ok ok ok b oF ok b oF b Ak b o

pause 1000

ledout $FE,1

adconl = %00000000

trisa = %10000011

adconl.?7 =1
inti:

read data:
high lamp
for 1 = 0 to 3
read i, red[i]
sarout portc.6,T9600,[10,13,"x=" ,#red[i]]
next i
for 1 = 0 to 3
read i+4,blue[i]
serout portc.6,T9600, [10,13, ":~" ,#blue[i]]
next i
for 1 = 0 to 3
read i+8,greenfi]
serout portc.6,T9600,[10,13, “y=" ,figreen[i]]
next i
pause 1000
low lamp
serout portc.6,T9600,[10,13, "ready™]

start: low s3
now_color = 0
cnt_color = 0
low portbh.6
low portb.7
low fw
low rw
low lamp
button sw,active_low,delay,rate,i,l,main
button sw_mode ,active low,delay,rate,i,l,setup
‘rause 500
goto start
main:
gosub feed in
pause 1000
chk = 0
gosub get_rgb
pause 500
gosub compare
pause 1000

FaAAAAA ARG A RA R A AR AR R AR A A AF A F A A A AR AR AR AR AAG

select case cnt_color

case 1

serout portc.6,T9600, [10,13,"313¢ bath™]
high porte.0

pause 500

Page 2 of 7 15/2/2008 13:52:26



E:\project\gassolin\process bank\bank step3 modify 15 2 2008.bas

low porte .0
gosub feed in b

'************************************************88

case 2

serout portc.6,T9600, [10,13,"5% bath™]

high porte.l
pause 500

low porte.l
gosub  feed_in b

¥ 5k 3k sk ok o o 3k ok b ok sk ok b b 3k sk ok ok sk ok b ok b b b ok sk ok ok b ok o ok sk b b ok sk b ok ok ok ok ok

setup:

case 3
serout portc.6,T9600, {10,13,"2¢ kath™]
high porte.2
pause 500

low porte.2
gosub feed in b

case else

serout portc.6,T9600, [10,13, "nul maboh™]
gosub feed out

and select

pause 500

goto inti

serout portc.6,T9600, {10,13,"insexrt bk 190

setup_100:

set_50:

pause 500

button sw,active_low,delay,rate,i,1l,get_hun
pause 500

goto setup 100

serout portc.6,T9600, [10,13,“ik 58 bath®]

setup 50:
button sw,active_low,delay, rate,i,1l,get_£fivty

set_20:

goto setup 50

serout portc.6,T9600,[10,13, "b¥ 28 hath"]

setup 20:

get rgb:

button sw,active_ low,delay,rate,i, 1l,get twenty

goto setup 20

filter= f red
gosub read color
red val= freq
pause 500

filter= f green

gosub read color
green val= freq

pause 500

filter= f blue
gosub read color
blue val= freq
pause 500
gosub read adc
adc_val= volt_2

return

Page 3
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E:\projecti\gassolin\process bank\bank step3_modify 15 2_2008.bas

get hun:
pause 500
F ok ok o ok ok ok ok 3t st ok ok % ok ob o ok ok o sk b sk ok Sk o ob b ok b b b ok o b ob b ok b ok ot
gosub feed in
filter = £ red
gosub read color
red[0] = freg
pause 500
F oot ok ok ok o ok 3 ok sk ok ok sk o sk 3 ok b ok b ok ok ok sk ok ok ok ok ok b ok ok o o oF o oF b o ok ok ok b ok ok b b o b
filter = £ green
gosub read color
red[l] = freg
7 ok 5k ok 3 o 3t ok 3k ok ok ok ok o sk ok ot Aok ot ot b b ok o ok ob ot o o o b s ok o b ok o o b o b o ook b b o
pausa 500
filter = £ blue
gosub read color
red[2] = freqg
pause 200
red[B] = volt 2 ’****************************.'>>>>>>>
gosub feed out
for 1 = 0 to 3
pause 1000
next i
goto set_ 50
'*************get 50 bth o 3k ok ok sk 5t ok ok s ok ok ok 3k 5k ok ok ok b Sk ok Sk ok ok ot b ok
get_fivty :
low 53 Thatatdtattobtobat bbbk kbbb Ak A A A A A kA
gosub feed_in
pause 500
filter = f red
gosub read colorxr
blue{0} = freq
¥ ot ok o o 3k ok ok b 3k st ok ok ok b 3k ot sk ok 3k sk b 3k o ob o 3k JE ot sk b sk ok ot ok ok ok ok Sk o b o ot 3k ok b ok ok ok ot ok
pause 500
filter = £ green
gosub read _color
blue{l] = freg
¥ ook ok 2ok b ak A ok b b ot A ok ok gk ok A ot st A o A A ok ok At b o ok ot b ok A ot ot ok ok b At ok ok o sk ok ot ok Aok b
pause 500
filter = £ blue
gosub read color
bluel2] = freg
pause 200
blue[3] = volt 2 '........ e r et e rees e DEIDIIDDIIDIDDIIIIIDOD3DD
gosub feed out
serout portc.6,T79600, [10,13]
for 1 = 0 to 3
pause 1000
next i
goto set 20
get_twenty - ¥ 3tk 3 b ok ot 3 ot ok b ok ok b b ok o o b A b o ok ok b b b ok o ok b b ok o b ok b b ok o

low s3

gosub feed_in
pause 500

filter = f red
gosub read color
green[0] = freq
pause 500

? 3k st ok ok ok ok 3 3t 5k ok o Sk ok ab st o sk s ok ok 3k sk ok b 3t b b b b ok s ok b ok b A ok sk ok o b ok sk ok Sk ok o Sk ot o
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E:\project\gassolin\process bank\bank step3 modify 15 2 2008.bas

filter = £ green
gosub read color
green{l] = freq
Tk A ok ok ok ot s ot o ok 3 b s ok 3 ok sk ot b ot A ok 3 b Tk ok ok b ok ot ok ot b ot At b ok ok b Sk ot ok b b o b b ot
pause 500
filter = f blue
gosub read color
green(2} = freq
pause 200
green[3] = WO1t 2 TobaAk bbbk okok bk ok ok ok ok ok & ok ok b ok 4k
gosub feed out
for i = 0 to 3
pausa 1000
next i
pause 500
gosub write data
goto inti
feed_in:
pause 100
high fw
low rw
if portb.5 =0 then feed_in
low fw
raturn
feed in b:
high fw
low rw
pausae 18000
low fw
raturn
feed out:
low fw
high rw
pause 18000
low rw
return
write data:
for i = 0 to 3
write i, redfi}
next i
for i = 0 to 3
writa i+4,blue[i}
next i
for i = 0 te 3
write i+8,green(i]
next i
raturn

Read Color:
Select Casa Filter
Casa F_Red
pause 1000
] LoW 52
i LOW S3
Case F_Green
pause 1000
HIGH 32
HIGH S3
Case F_Blue
pause 1000

Page 5 of 7
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E:\project\gassolin\process bank\bank step3 modify 15 2 2008.bas

LOW S2
HIGR S3
Case Else
pause 1000
HIGH S2
LOW S3
End Select
high lamp_sensor
pause 200
Count portc.5, 100, freq

* clear ~- no filter

' light sample

pause 200 ' return unscaled value

return

read_adc:

low lamp sensor

pause 500

high lamp

pause 1000 *HAmEokkkokdd ikt

Fobsbotskobst bbb bbbt bbbt ddttt ~F hlack llght Aok ok b ok b ok ok s b ok b ok kb b kot A R B

compare:

adecin 1 , volt 1

volt 2 = volt 1l& cov_3bit
pause 500

low lamp

chk = 0

Return

red temp = red[0]
green_temp= redfl]

blue temp = red[2]

adc_temp = red{3]

gosub ck color

if now color = 1 then return

red_temp = bluel0]

green temp= blue[l])
blue_temp = blue(2]

adc_temp = blue[3]

gosub ck color

if now color = 1 then return

red_temp = green|[0]

green temp= dreen(1])

blue temp = green[2]
adc_temp = green[3]

gosub ck color

if now_color = 1 then return
cnt_color = 0

return

ck color:

return

' now _color = @
Cnt color = Cnt _color + 1
If (red_val

If (green_Val >=Green_Temp + Err)

Then return

return

If (Blue_Val >= Blue Temp + Err)

now_color = 1

return

>= Red Temp + Err)

or (red Val <=Red Temp - Err)

Then

Or (green val <= Green Temp - Err)

Or (Blue Val <=Blue Temp - Err) Then

Page 6
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Philips Semiconductors Product specification
. ________ __ ______ ________ ]

PNP general purpose transistors BC556; BC557

FEATURES PINNING
* Low current (max. 100 mA) PIN DESCRIPTION
» Low voltage {(max. 65 V). 1 “I'emitter B
2 base
APPLICATIONS 3 collector ~

+ General purpose switching and amplification.

DESCRIPTION \ ,
PNP transistor in a TO-92; SOT54 plastic package. % L
NPN comptements: BC546 and BC547. : = 2
1
MAMIE 1

Fig.1 Simplified outline (TC-92; SOT54)

and symbol.
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
BC556 ' SC43A plastic single-ended leaded (through hole) package; 3 leads S0T54
BC557
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter .
- BC556 - 80 v
- BC557 - -50 \Y

Veeo collector-emitter voltage apen base

BC556 = =65 Vv

BC557 o - —45 v
Veso emitter-base voltage open collector - -5 \
e collector current (DC) - -100 mA
lcw peak collector current ' - . -200 mA
lam peak base cument . - -200 mA
P total power dissipation o Tamp$25°C ~ 777 - 500 mw
Tstg storage temperature ' -65 +150 C
T; junction temperature - 150 °C
Tamb ambient temperature ‘ ) -65 +150 °C

2004 Oct 11 2



Philips Semiconductors Product specification

PNP general purpose transistors BC556; BC557
THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Ring-a) thermal resistance from junction to ambient note 1 250 KW
Note

1. Transistor mounted on an FR4 printed-circuit board.

CHARACTERISTICS
Tampb = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcso collector-base cut-off current Ves=-30V;lg=0A - -1 -15 |nA
Veg=-30V,le=0A; Tj=150°C - - -4 PA
leso emitter-base cut-off current Ves=-5V,Ic=0V - - -100 |nA
hee DC cument gain lc =-2mA; Vg =-5V;
BC556 see Figs 2, 3 and 4 125 |- |ars
BC557 125 |- 800
BC556A 125 |- 250
BC556B; BC5578B 220 |- 475
BC557C 420 |- 800
VcEsat collector-emitter saturation lc =-10mA; Iz = -0.5 mA - -60 |-300 |mV
voltage Ic =-100 mA; Ig = -5 mA ~. |-180 [-650 |mV
VBEsa base-emitter saturation voltage |l =-10 mA; Ig = -0.5 mA; note 1 - -750 |- mvV
’ - lc =~100 mA; Iy = -5 mA,; note 1 ~ -930 |- ~ |mV
Vee base-emitter voltage Vee=-5V,lc=-2mA; note 2 —-600 |-650 [-750 |mV
Ve =-5V,; Ic = -10 mA; note 2 - - 820 |mV
Ce " | collector capacitance Veg=-10V;Ilg=ig=0A;f=1MHz |-~ 3 - pF
Co emitter capacitance Vep=-05V,lc=ic=0A;f=1MHz |~ . |10 - pF
fr transition frequency Vee=-5V;lc=-10mA; =100 MHz | 100 |- - MHz
F noise figure Vee=-5V, lc=-200 pA; Rg = 2 ki), '}~ 2 10 dB8
f=1kHz;, B=200Hz :
Notes

1. Vagey decreases by about -1.7 mVI/K with Increasing temperature.
2. Vgg decreases by about -2 mV/K with increasing temperature.

2004 Oct 11 : 3



Philips Semiconductors Product specification

PNP general purpose transistors BC556, BC557
300 MOHIZS
hrE
200
Veg=2-8Y
N
K\l
100 \
o
107t -1 -10 -102 Io(may - -10?
BC558A

Fig.2 DC cument gain; typical values.

400 MaHT2T
hee
L] vee=-sv
m \
N
200 \\\J
N
100 \
\
0 .. . - - - . . . B
—10-2 101 -1 -10 -102 c (mA) -1

BCS8588; BC5SS7B.

Fig.3 DC cument gain; typical values. ‘
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Philips Semiconductors Product specification

PNP general purpose transistors BC556; BC557

hrg

P

100

0
2
-10~ -0 -1 -10 ~102 Ic (mA) -10°
BCSS7C.

Fig.4 DC current gain; typical values.
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Philips Semiconductors Product specification

PNP general purpose transistors BCb656; BC557

PACKAGE OUTLINE

Plastic single-ended leaded (through hole) package; 3 leads S0T54

1 1=——=-¢
E
o d et - A L
b
S—
@' 1 —H—-—-:l—"T*——t—f
L2 — -}
o—-—f@=-—1i- s, = -— [
: I
— - H—--——-—J—--—-J
|
|

[} 2.5 5 mm
it 3 ¢ t 3 3 ¢ 3}
scale
DIMENSIONS (mm are the originai dimensions)
: M
UNIT Yy
A b by c | D d E [ ey L .y
52 | 048 | 068 [045 | 48 | 17 | 42 14.5
T 1 5D | 040 | 055 [ 033 | 44 | 14 | 38 | 2|1 | qoq | 25
Note L e s e -
1. Termina! dimensions within this zone are uncontrolied to atiow for fiow of plastic and tarminal imegularites,
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION 1SSUE DATE
— — e —_——————————
SOTs4 T0.92 SC43A == @ ooy
2004 Oct 11 6



Philips Semiconductors

Product specification

PNP general purpose transistors

BC556; BC557

DATA SHEET STATUS
DATA SHEET PRODUCT

LEVEL STATUS™ STATUS(2®) DEFINITION

I Objective data | Development ] This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

i Preliminary data | Qualification | This data sheel contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product. _

[} Product data Production This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be communicated via a Customer Product/Process Change Notification
(CPCN).

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Intemnet at URL hitp://www.semiconductors.philips.com.

3. Fordata sheets describing muitiple type numbers, the highest-level product status determines the data sheet status.

OEFINITIONS

Short-form specification — The data in a short-form
specification is extracted from a fuli data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition — Limiting values given are in
accordance with the Absolute Maximurm Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any ather conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device refiability.

Application informatlon — Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications wiil be
suitable for the specified use without further testing or
modification.

2004 Oct 11

DISCLAIMERS -

Life support applications — These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resutting from such application.

Right to make changes — Philips Semiconductors
reserves the right to make changes in the products -
including circuits, standard cells, and/or software -
described or contained herein in order to improve design
and/or perforrnance. When the product is in full production
(status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no license or title under any patent,
copyright, or mask work fight to_these products, and
makes no representations or warmranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified. ’
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

» SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURRENT 500mA PER DRIVER
{600mA PEAK)

s« OUTPUT VOLTAGE 50V

w INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

» OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

a TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

« INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
amays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak cumrents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputsto simplify board layout.

The fourversionsinterface to all common logic fami-
lies:

ULN2001A General Purpose, DTL, TTL, PMOS,

EMOS

ULN2002A 14-25V PMOS
ULN2003A SV TTL, CMOS
ULN20G4A 8-15v CMOS, PMOS

These versatile devices are usefuifor driving a wide
range of loads including solenoids, refays DC mo-
tors, LED displays filament lamps, thennal print-
heads and high power buffers.

The ULN2001A/2002A/2003Aand 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
ieadframe to reduce thermal resistance. They are
available also in smali outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

September 1998

DIP16

5016

ORDERING NUMBERS: ULNZOO1A/2A/3A/4A

=

ORDERING NUMBERS: ULN2001D2D/3D/4D

PIN CONNECTION

S-19771H

10 OUT

COMMON FREE
% WHEELING DODES

7
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

_—— - —— ——

EACH DRYER

Series ULN-2001A
(each driver)

Series ULN-2002A
{each driver)

EACH DRWER 5-
Series ULN-2003A Series ULN-2004A
{each driver} {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vg Output Vollage 50 Vv
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 v
[ Continuous Collector Current 500 mA
fa Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range =200 85 °C
Tso Storage Temperature Range - 5510 150 °Cc
T, Junction Temperature 150 °C
THERMAL DATA
Symbol Pararneter DIP16 S0O18 Unkt
Rir romb | Thermal Resistance Junction-amblent Max. 70 100 *C/W
28 IS7)




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamy = 25°C unless otherwise specified)

Symbol Paramaeter Test Condltions Min. | Typ. | Max. | Unhit | Flg.
Icex Output Leakage Current Vee = 50V 50 pA | 1a
Tamb = 70°C, Vee = S0V 160 uA | 1a
Tomp = 70°C
for ULNZ2002A
Vce = 50V, V; = 6V 500 pA | 1b
for ULN2004A
Vee = 50V, V; = 1V 500 pA | 1b
VeE(say Collector-emitier Saturation Ic = 10CmA, Ig = 25 09 1.1 \' 2
Vditage le = 200 mA, Ig = 35 1.1 1.3 \ 2
fc = 350mA, la = 500uA 1.3 1.6 A 2
liton) Input Current for ULN2002A, V, = 17V 0.82 1.25 mA | 3
for ULN20O3A, V, = 3.85V 0.93 1.35 mA | 3
for ULN2004A, V; = 5V 0.35 0.5 mA | 3
Vi = 12v 1 145 | mA | 3
lioiny Input Current Tamb = 70°C, Ic = S00pA 50 65 pA 4
Vien) Input Voltage Vee = 2V v 5
fon for ULN2002A
le = 3G0mA 13
for ULNZ003A
o = 200mA 2.4
ic = 250mA 27
lc = 300mA 3
for ULN2004A
Ig = 125mA 5
Ic = 200mA 6
e = 275mA 7
Ic = 350mA 8
he DC Forward Curreni Gain for ULN2001A
Vee = 2V, Ic = 350mA 1000 2
Ci input Capacitance 15 25 oF
trn Tum-on Delay Time 05 Vito 0.5 Vp 0.25 1 s
tPHL Tum-off Delay Time 05Viwe 05V, 0.25 1 o s
179 Clamp Diode Leakage Current | Vg = 50V 50 pA )
Tamp = 70°C, Vg = 50V 100 pA 2]
Ve Clamp Dicde Forwand Voltage g = 350mA 1.7 2 v 7

38

g




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPFEN V¢ OPEN Vg
(:g
oPEN tcex lcex
5-5735% l S-5128

Figure 2. Figure 3.
Y

Figure 4. Flgure 5.

i

Figure 6.

Figure 7.

s-5721
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current
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Figure 10: Peak Collector Curent versus Duty
Cycle
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Figure 9: Collector Current versus Saturation

Voltage
Ic D9BINASE
(mA) /
500 /
Tj=25°C
400

. /
oo 1//TYPICAL
V44
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1.5 Vce(sat)

Figure 11: Peak Collector Current versus Duty

Cycle
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DiP16 PACKAGE MECHANICAL DATA

mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
at 0.51 0.020
B 0.77 165 0.030 0.065
b 0.5 0.020
b 0.25 0.010
0 20 0.787
E 8.5 0.335
e 2.54 0.100
3 1778 0700 -
F 74 0.280
1 5.1 0.201
L 33 0.130
z 127 0.050
R S |
'5‘ —-—
_ b1
L
L L
z y 1 E
o3 |
D
NEEEREEEEEREEEREN
] )
o w
1 g
Ly O Lo OOt
o G7




ULN2001A - ULN2002A - ULN2003A - ULN2004A

S016 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX MIN. TYP. MAX.
A 1.75 0.069
a1 0.1 0.25 0.004 0.009
az 16 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
o 0.5 0.020
c1 45 (typ.)
D 9.8 10 ' 0.386 0.394
E 58 6.2 0.228 0.244
e 1.27 " 0.050
e3 8.89 0.350
F 38 40 0.150 0.157
L 0.4 1.27 0.016 0.050
M 062 0.024
S 8 (max.)
L G |
of <&
yi Y
Y <
I-—L. [—L, :%,_JJ\ Jﬂq—L
b, ! LR ) o b3
o3 . E .
-
D M
0 00070001
€ 7 )
I T
i 8

TUoo0oo000

g

78




ULN2001A - ULN2002A - ULNZ003A - ULN2004A

information fumished !5 beliaved to be accurata and reilable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or ather rights of third parlies which may rasuft from its use. No
license s granted by impiication or otharwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subjact to change withoul notice. This publicaiion supersedes and replaces el iformstion previously supplied. STMi-
croelactronics producls are nol authdrized for use as’ critical components in life support devices or systems without express written
approvat of STMicroelectronics.
The ST logois a registered trademark of STMicroatacironics
© 1998 STMicroslectronics — Prnted in italy - Ali Rights Reserved
STMicroetectronics GROUP CF COMPANIES
Austalia - Brazil - Canada - China - France - Gemneny - ftaly - Japen - Korea - Malaysla - Mafta - Mexico - Morocco -~ The Netherlands -
Singapora - Spaln - Sweden - Switzerland - Taiwan - Thafland - United Kingdom - U.S.A.
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TOSHIBA Transistor Silicon NPN Epitaxiaf Type (PCT process)

2SC1815

Audio Frequency General Purpose Amplifier Applications
Driver Stage Amplifier Applications Unit: mm

o High voltage and high current: VCEQ = 50 V (min),
Ic = 150 mA (max)

o Excellent hFE linearity: hFE (2) = 100 (typ.)

at VCE =6V, Ic = 1560 mA

: brg Uc = 0.1 mAYDFE IC = 2 mA)

=0.95 (typ.)
e Low noise: NF = 1dB (typ.) at f = 1 kHz
¢ Complementary to 28A1015 (O, Y, GR class)

127 1.27
Absolute Maximum Ratings (Ta = 26°C) 2 3
Characteristics Symbo! Rating Unit - pr] |

Collector-base voltage Vceo 60 V" 123
Coliecior-emitter voltage VCEO 50 v 1. EMITTER
Emitter-base voltage Vero 5 v g 525”5‘” OR
Collector current Ic 150 mA
Base curent L 50 mA JEDEC TO-92
i Collectorpowerdissipation_ | ___Pc | ... 400__ Y mwW_ _ - bema SC43
Junction temperature T 125 °C TOSHIBA 2.5F1B
Storage temperature range Tatg ~55~125 °C

Weight 0.21 g (typ.)

Note: Using continuously under héavy loads (e.g. the application of high
temperature/current/ivoltage and the significant change in
temperature, etc.) may cause this product to decrease in the reliability s:gnrﬁmn’dy even if the operating
conditions (i.e. operating temperature/current/ivoltage, etc.) are within the absolute maximum ratings.
Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Handbook
("Handling Precautions™/Derating Concept and Methods”) and indlividual reliability data (1.e. reliability test
report and estimated failure rate, etc).

Electrical Characteristics {Ta = 25°C)

Characteristics Symbol Test Condition Min Typ. | Max | Unit
Collector cut-off current Iceo Veg=60V, lg=0 — —_ 0.1 pA
Emitter cut-off current 1 3:76) Vep=5V,1c=0 —_— _— 0.1 wA
hFE (1) '
VeE=6V,Ilc=2mA 70 — | 700
DC current gain (Notey] °F ¢
hFE(Z) Vee=68V, lg =150 mA 25 | 100 —
= [Collector-emitter safuration votage | VCE (say | Ic = 100 mA, Ig = 10 mA : — [ o~ [-025 ] V.-
Base-emitter saturation voltage VBE (saty [lc=100mA, Ig= 10 mA — — 1.0 v
Transitlon frequency fr Vee=10V,lc=1mA 80 — — | MHz
Collector output capacitance Cob Veg =10V, Ig=0,1=1MHz — 20 | 35 pF
Vee=10V, lg=—1mA
Base Intrinsic resistance oo’ cE E= — 50 —_ G
=30 MHz
VeE=8V,Ic=0.1mA
Noise figure NF ce ¢ — {10 10 { @B
f=1kHz, Rg=10kQ

Note: hrg classification O: 70~140, Y: 120~240, GR: 200~400, BL: 350~700
1 2007-11-01
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RESTRICTIONS ON PRODUCT USE 20070701-EN GENERAL

« The information contained herein is subject to change without notice.

* TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent efectrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the *Handling Guide for Sefniconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. ' ‘

+ The TOSHIBA products fisted in this document are intended for usage in general electronics applications
{computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.).These TOSHIBA products are neither inlended nor warmanted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction cr failure of which may cause loss of human fife or
bodily injury ("Unintended Usage®). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in his
document shail be made at the customer’s own risk.

« The products described in this document shall not ba used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations,

« The information contained herein is presented only as a guide for the applications of our products. No | -
responsibifity is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patents or other rights of
TOSHIBA or the third parties. :

o Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlied substances. Toshiba assumes no liability for damage or losses
occurring as a result of noncompliance with applicable laws and regulations.
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4, multi-functional design, various purposes in a machine----- pumping, fountain and
filter 3 in . with a stream control valve set in the pump, the stream can be adjusted at will.
5. with beautiful appearance, the fitting fountain  is convenient to assemble and

suztable for pumps of any sizes.

Applicable scope:
suitable for water-pumping, water-circulation, water crude-filter of various aquariums
and seafood pools, and various water-pressure equipments such as fountains, waterfall, stream,

mdoor & outdoor water-column lamps.



MICROCHIP

PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16FBT3
+ PIC16F874

+ PIC16F8T6
» PIC16F877

Microcontroller Core Features:

High-performance RISC CPU
Only 35 single word instructions to learn
Al single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz dock input

DC - 200 ns instruction cycle
Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory
Pinout compatible to the PIC16C738/74B/76/77
Interrupt capability (up to 14 sources)
Eight level deep hardware stack
Direct, indirect and relative addressing modes
Power-on Reset (POR)
Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)
Waltchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation
Programmable code-protection
Power saving SLEEP mode
Selectable oscillator options
Low-power, high-speed CMOS FLASH/EEPROM
technology
Fully static design
In-Circuit Serial Programming™ (ICSP) via two
pins
Single 5V In-Circuit Serial Programming capability
In-Circuit Debugging via two pins
Processor read/write access to program memory
Wide operaling voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA
Commercial and Industrial temperature ranges
Low-power consumption;
- <2 mA typical @ 5V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram
PDIP
MCRvPemHY —= [ 1 U 40[] =—— RBIPGD
RANAND w—e [ 2 39 {] == RBEPGC
RA1AN1 - (]2 38[J - RE5
RAZ/ANZIVREF- o— [ 4 37:4—“@‘
RAJANIVREF+ +—e [] 5 38 [] =—= RBIPGM
RAMITOCKI =[] 6 35[] = RE2
RASIANA/SS =—= []7 < M [] - RBI
REORO/ANS <— []8 P 23[] =—= RBOANT
RE1WRIANG ~— [ 9 L phe—wo
REZESANT —= 10 = 3t e—ws
Voo ——a [] 14 E 30 [] - ROTPSPT
vss — o [J12 ©  29[] «— RDGPSPS
OSCYICLKIN —= [} 13 5 20 [1 -—— RDSPSPS
OSC2CLKOUT «— [ 14 o T - RDwSA4
RCOUT1OSOMICKI «—s [} 16 26 [] +—= RCT/RVDT
RCHWTIOSVCCP2 — [ 18 25 ] +—= RCEMUCK
RC2/CCP w—[] 17 24 [] +—= RCSS00
RCHSCK/SCL =— [ 18 23] -+ RCA/SDUSDA
RDOPSPO w—s [} 19 22 [] +—= RDIPSP3
ROVPSP1 <+— [ 20 21 [ w+—= RD2PSP2

Peripheral Features:

TirmerQ: 8-hit timer/counter with 8-bit prescaler
Timer1: 16-bit timer/counter with prescaler,

can be incremented during sleep via external
crystal/clock

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

Two Caplure, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resoluticn is 200 ns

- PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Seriat Port (SSP) with SPI™ (Master
Mode) and 12C™ (Master/Slave)

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

Parallel Slave Port (PSP} 8-bits wide, with
external RD, WR and TS controls (40/44-pin only)

Brown-oul detection circuitry for
Brown-out Reset (BOR)

© 1999 Microchip Technology 'nc.
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PIC16F87X

Pin Diagrams
DIP, SOIC
MeLRveeTHY —=[]° 1 ~ 28] ] < RB7/PGD
Ravano +— [ 2 27[] <+ RB6&/IPGC
RATANT=—[] 3 - 26[] - RBS
RA2IANZIVREF-<— [ 4 ~ 25[ ] <= RB4
RAVANAVRer+ =+ (] 5 g 24[] = RBYPGM
rRaaTocki=—[] & 4 23] = RB2
RASANSSS-—[] 7 Frd 22{1 = RB1
vss—=4 8 ] 21[} == RBO/NT
oscicltkin—=[1 9 o 20{] =—voo
osc2eLkouT — L] 10 o 19{] ~—vss
Reomiosomick-—=[]11 18|} =—= RCTRX/DT
RCUT10SIICCP2<— 12 17[] == RCHTX/CK
RC2/CGP1 =—= []13 16[] <= RC5/SDO
RC¥SCK/SCL —[]14 15[} <—= RCA/SDIISDA
+ .
5 E
23 %
Asd-old Q0
22%2%5 BF
PLCC 33%30oEBET.
Iéé Zorroez
[
TONTT
RAUTOCK! [ b o] <+ RBIPGM
RASAN4ISS o o [a 3] <+ RBZ
REORD/ANS + »[]g 37[] <~ RB1
REVWR/ANE [ 1p []+—= RBO/INT
REZ/CS":-,ND; -1 PIC16F877 35"— 32;’
ves o :_-2,, PIC16F874 H v~ RDIPSF?
OSCU/CLKIN o 14 ]~ RDS/PSPE
OSC2CLKOUT « (45 31[] «—~ RODS/PSPS
RCUTIOSOITICKT 5. 45 (] = RD4/PSP4
NC 17, 20 ] «—= RCT/RXDT
PSRRI BER
LTI R I AUIL
o™
3 EERRERIRS!
-
8 3.5 YEgREeRElse
- ooz
:9:82333320.8 Ssgggwgggg
DBBGHI0 = govaee=
PRLALaPnOr WSUQQQDWO"’
%B;BR?BBRBU ngﬂ!ﬂimﬂ!gm&’
arp  BERRBRBERR: £ g
[4]
Pt @
&3333885888” NG
RCT/RGDT ~—=CI1] 1
RD4/PSP4 <10} 2 32 -  RCO/T10SOTICKL
RD5PSP5 =10 3 3@ — OSC2CLKOUT
RD8PSPS 1l 4 g ~— 3scucu<m
RO7PSPT <—+TT 5 PIC16F877 gg -— v;';g
“;'Dsg i | PIC16F874 27 <= RE2ANTICS
RBO/INT ~— 10 8 26{TT0 ~— RE1/ANG/WR
RB1 +—~CTII]9 2513 = REO/ANS/RD
RB2 +—=CITH 10 24[IT7 == RAS5/AN4/SS
RB3/PPGM +—=CIO 11 3"‘2 :3235223:@‘_’ RAAITOCKI
HFHEHHAHGBH
qooopdoad
[y
22383883358
2553533
mzé 55
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PIC16F87X

Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16FB74 PIC16F876 PIC16FB77
Manual (DS33023)
Operating Frequency OC -20 MHz DC - 20 MHz DC - 20 MHz DC -20Mhz
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 Memory 128 128 256 256
Interrupts 13 14 13 14
KO Ports Ports A,B,C Ports A,B,C,D.E Ports AB,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSF, USART | MSSP, USART | MSSPE USART j MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Instruction Set 35 Instructions | 35 Instructions | 35 Instructions | 35 Instructions

© 1999 Microchip Technology Inc.
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PIC16F87X
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device-specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual, (DS33023), which may
be obtained from your local Microchip Sales Represen-
lative or downloaded from the Microchip website, The
Reference Manual should be considered a comple-
mentary document to this data sheel, and is highly rec-
ommended reading for a better understanding of the
device architecture and operation of the paripheral
modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16FB77/874 devices come in 40-
pin packages. The 28-pin devices do not have a Paral-
iel Slave Port implemented.

The following two figures are device block diagrams
sorted by pin number; 28-pin for Figure 1-1 and 40-pin
for Figure 1-2. The 28-pin and 40-pin pinouts are listed
in Table 1-1 and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Davice Program Data Memory Data
FLASH EEPROM
PIC16F873 aK 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
<= Program Caunter] :
FLASH 4 RAO/ANO
Program I » RA1/AN1
Memory j RAZ/AN2/VREF-
8 Lewel Stack RAJANIVREF+
(13-bit) 4 RAATOCKI
4 RAG/ANA/SE
-l
us RBO/INT
i 4 RBE1
Instruction reg 1 RB2
ﬂ Direct Addr 7 1 RBIPGM
7 [ RB4
H RB5
|+ RBEPGC
RB7/PGD
8 RCOT10SO/TICKL
- 7 -4 RC1/T10SIXCCP2
|4 RC2/CCP1
Power-up 4 RC3ISCK/SCL
N Timer 4 RCA/SDI/SDA
Instruction Oscillator > RC5/500
Decode & [K=27] | Start-up Timer, 3 RCB/TXICK
Power-on RCT/RXDT
Resat
Timi - Watch
P= Gener;l?nn 1= Tnn:rog
OSC1/CLKIN Brown-out
0SC2/CLKOUT Reset
in-Circuit
Debuggar
Low-Voitage
Programming
MCLR Voop, Vss
TimerQ Timerq Timer2 10-bit AD
j? it fr i
’ & R &
Data EEPROM cCcPi2 Sé:l:::o;;):s USART
Note 1: Higher order bits are from the STATUS register.

© 1999 Microchip Technology inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM

Device Program Data Memory Data
FLASH EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
3 | Program Counter | Dotebus il
/—] Progra r 7
FLASH @ : RAD/AND
Program I RA1/AN1
Memory RAM ,J -4 RA2/AN2/VREF
8 Leve! Stack Fila » RAVANIVREF+
(43-bit) Registars +— RA4/TOC|'(|__
4 RAS/AN4/SS
Program 4, 7~
Bus RAM Addr (1) J 9 PORTB RBOANT
Instruction reg :g;
” Direct Addr 7 RB3/PGM
ra RB4
RBS5
et RB&/PGC
] RB7/PGD
8 RCO/T10SOT1CK)
7 |4—o1 RCUTI10SICCP2
-4— RC2/CCP1
Powar-up H-—={] RC3/SCK/SCL
V. imer 4—= %] RCA/SDI/SDA
Instruction Oscillator b RC5/SDO
Decode & Start-up Timer | RCB/TX/CK
Control Power-an RC7T/RX/DT
Resot
Timing Waichdog
Generation kﬁ) Timer
OSCIFCLKIN Brown-out
OSC2/CLKOUT Reset <LFFD‘ZI RD7/PSP7:RDOPSPO
in-Circuit
Debugger
Low-Voltage
Programming Paraliel Slave Port PORTE
é é .——E REO/ANS/RD
== 4—={x] RE1/ANGWR
MCLR VoD, Vss 4,___® RE2IANTES
Timer® Timer1 Timerz 10-bit AD
Data EEPROM Synchronous
cecP1,2 Serial Port USART
Nots 1: Higher order bits are from the STATUS register.

DS302928-page 6 © 1999 Microchip Technology Inc.



PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
DIP SOic voiP Buffer
Pin Nama Pin# | Pin® | Type Type | DeScription

OSC1/CLKIN 9 9 ! STICMOS® | Oscillator crystal input/external clock source input.

OSC2/CLKOUT 10 10 (o] —_— Osdillator crystal output. Connects to crystal or resonator in crystal
oscillator mode. In RC mode, the OSC2 pin outputs CLKOUT
which has 1/4 the frequency of OSC1, and denctes the instruction
cycle rate.

MCLRAN/PPITHV 1 1 P ST Master clear {reset) input or programming voitage input or high
voltage test mode control. This pin is an active low reset to the
device.

PORTA is a bi-directiona! I/O port.

RAO/AND 2 2 o TTL RAO can also be analog inputQ

RA1/AN1 3 3 wo T RA1 can also be analog input1

RAZ2/AN2/VREF- 4 4 o TTL RAZ can aiso be analog input2 or negative analog reference

voltage

RAIANI/VREF+ 5 5 o RN RA3 can aiso be analog input3 or positive analog reference

voltage

RA4/TOCK! 6 6 o ST RA4 can also be the clock input to the TimerQ module. Output

is open drain type.

RAS/SS/AN4 7 7 T'e] TTL RAS can also be analog input4 or the slave select for the

synchronous serial port.
PORTB is a bi-directional i/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 21 21 l1e] TTUST RBO can aiso be the external irterrupt pin.

RB1 2 22 o T

RB2 23 23 o TTL

RBI/PGM 24 24 1o TIL RB3 can also be the low voltage programming input

RB4 25 25 [[le} TTL Interrupt on change pin.

RBS 26 26 18] T Interrupt on change pin.

RB6/PGC 27 27 o " TTUST@ Interrupt on change pin or In-Circuit Debugger pin. Serial

programming clock.

RB7/PGD 28 28 o TTUSTD interrupt on change pin or in-Circuit Debugger pin. Serial

progremming data.
PORTC is a bi-directional /0 port.

RCO/T10SOIT1CKI 1" 11 1o ST RCO can also be the Timer1 osciliator output or Timer! clock

input.

RC1/T10SI/CCP2 12 12 1o ST RC1 can also be the Timer? osdillator input or Capiure2 input/

Compare2 output/PWM2 output.

RC2/CCP1 13 13 o ST RC2 can also be the Capture1 input/Comparet outpul/PWM1

output.

RC¥/SCK/SCL 14 14 1o ST RC3 can also be the synchronous serial clock input/output for

both SP1 and 2C modes.
RCA4/SDI/SDA 15 15 [I1¢] ST RCA4 can aiso be the SPI Data in (SPI mode) or
data /O (%C mode).

RCSSDO 16 16 o ST RCS can also be the SP| Data Out (SP| mode).

RC&/TX/CK 17 17 o ST RC& can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7TRX/DOT 18 18 o ST RC7 can also be the USART Asynchronous Receive of
Synchronous Data.

vss 8,19 8,19 P —_ Ground reference for logic and 1/0 pins.

Voo 20 20 P —_ Positive supply for logic and 1/O pins.

Legend: | =input O = output /0 = inputioutput P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This bufler is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwiss.

© 1999 Microchip Technotogy Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
DIF PLCC QFP | orP Buffer
Pin Name Pirdt Pindt Pin# | Type Type Description

OSCA/CLKIN 13 14 30 | sT/ICMOS | Oscitiator crystal input/external clock source input.

OSC2/CLKOUT 14 15 k3] (8] —_ Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs CLK-
OUT which has 14 the fraquency of OSC1, and denotes the
instruction cycle rate.

MCLRNPPITHV 1 2 18 |4 ST Master clear (reset) input or programming voltage input or high
voltage test mode control. This pin Is an active low reset to the
device,

PORTA is a bi-directional 1/0 port.

RAQ/ANO 2 3 19 [{e] TTL RAQ can also be analog input0

RA1/AN1 3 4 20 o TTL RA1 can also be analog inputt

RA2/AN2NVREF- 4 5 21 o TTL RA2 can afso be analog input2 or negative analog

reference voltage

RAVANINVREF+ 5 6 22 Lo} TTL RA3 can also be analog input3 or positive analog

reference voltage

RAA/TOCKI 6 7 23 lis} ST RA4 can also be the clock input 1o the Timer0 timer

counter. Output is open drain type.

RAS/SSIANA 7 8 24 o TTL RAS can also be analog input4 or the slave seiect for the

synchronous serial port.
PORTB is a bi-directional /0 port. PORTB can be software
programmed for imlernal weak pull-up on all inputs.

RBO/INT 33 36 [lie] TTUL/ST) RBO can aiso be the external intarrupt pin.

RB1 34 ar o TTL

RB2 35 as 10 1o T

RBI/PGM 36 a9 1 o TTL RB3 can also be the low voltage programming input

RB4 7 41 14 o] TTL Imerrupt on change pin.

RBS 38 42 15 1o TTL Interrupt on change pin.

RB&/PGC 39 43 16 K] TTL/STD Interrupt on change pin or In-Circuit Debugger pin. Serial

" programming clock,
RB7/PGD 40 44 17 o TTUST@ Interrupt on change pin or In-Circuit Debugger pin. Serial
programming data.
PORTC is a bi-directionai /O port.

RCO/T10SO/T1CKI 15 16 32 o ST RCO can also be the Timer1 oscillator output or a Timer!

clock input.

RC1UT10SI/CCP2 16 18 35 o ST RC1 can also be the Timer1 oscillator input or Capture2

nput/Compare2 output/PWM2 qutput.

RC2/CCP1 17 19 35 Yo ST RC2 can also be the Capture1 input/Compare1 output/

PWM1 output.

RCJ/SCK/SCL 18 20 37 o ST RC3 can also be the synchronous serial clock input/output

for both SP! and 12C modes.
RCA4/SDI/SDA 23 25 42 o ST RC4 can also be the SPI Data In (SP! made) or
data /O (12C mode).

RCS/SDO 24 26 43 o ST RCS5 can also be the SPi Data Out
{SPI mode).

RCE/TXCK 25 27 44 [ie] ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7T/RX/DT 26 29 1 10 ST RC7 can also be the USART Asynchronous Recsive or
Synchronous Data.

Legend: |=input O = output 1O = inputioutput P = power

— = Not used TIL = TTL input ST = Schmilt Trigger input

Note 1:

This bufler is a Schmitt Trigger input when configured as an external irlerrupt.

: This bufler is a Schmitt Trigger input when used in serial programming mode.
: This buffer is a Schmitl Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel Slave
Port mode (for interfacing to a microprocessor bus).
4: This bufler is a Schmitt Trigger input when corfigured in RC osclllator mode and a CMOS input otherwise.

DS30292B-page 8
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
Pin Name E‘I:‘ PPI;CMC g‘:‘: :8;: B.;:: r Description
PORTD is a bi-directionai /O port or paralle! siave port when
interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 o sTTTL®
RD1/PSP1 20 22 a9 o STTTLS
RD2/PSP2 21 23 40 WO sTTTL®
RD3/PSP3 22 24 41 1o sTTTL®
RD4/PSP4 27 30 2 o sTATUY
RDSPSPS 28 31 3 WO sSTATL®
RD6&/PSP6 29 32 4 Vo sTTL®
RO7PSP7 30 N 5 1o STATL
PORTE is a bi-directicnal 1O port.
REMRD/ANS 8 9 25 I{e] STATL® REQ can also be read control for the paraliel siave port, or
analog input5.
RE1/WR/ANG 9 10 26 o sTATL® RE1 can also be wrile control for the parallel slave port, or
analog input6.
RE2/CS/ANT 10 1 27 o sTrTUY RE2 can also be select control for the parallel slave port,
or analog input7.
Vss 12317 1334 6,29 P —n Ground referance for logic and 1/O pins.
Voo 11321 1235 7.28 P — Positive supply for logic and 1/0 pins.
NC —_ 1,17.28, | 12,13, —_ These pins are not interally connected. These pins should be
40 33,34 left unconnecied,
Legend: |=inpat O = output 11O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This bufler s a Schmitt Trigger Input when configured as an external interrupt.
: This buffer is a Schmitt Trigger input when used in serial programming moda.

3: This buffer is a Schmitt Trigger input when configured as general purpose /0 and a TTL input when used in the Paraliel Stave

Port mode (for interfacing to 2 microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 1999 Microchip Technclogy Inc.
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NOTES:
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¢ High-Resolution Conversion of Light PACKAGE D
Intensity to Frequency 8-LEAD SOIC
(TOP VIEW)
® Programmable Color and Fufl-Scale Qutput
Frequency S0 1 I 8 S3
¢ Communicates Directly With a Microcontrolier
. 812 L 7 82
® Single-Supply Operation (2.7 V1o 5.5V)
® Power Down Feature OE 3 [ 6 OUT
® Nonlinearity Error Typically 0.2% at 50 kHz GND 4 I 5 Voo
& Stable 200 ppm/°C Temperature Coefficient
® Low-Profile Surface-Mount Package

Description

The TCS230 programmabile color light-to-frequency converter combines configurable silicon photodiodes and
a current-to-frequency converter on single monofithic CMOS integrated circuit. The output is a square wave
(50% duty cycle) with frequency directly proportional to light intensity (ifradiance). The full-scale output
frequency can be scaled by one of three preset values via two control input pins. Digital inputs and digital output
allow direct interface to a microcontroller or other logic circuitry. Output enable (OE) places the output in the
high-impedance state for multiple-unit sharing of a microcontrolier input fine.

The light-to-frequency converter reads an 8 x 8 amay of photodiodes. Sixteen photodiodes have blue filters, 16
photodiodes have green filters, 16 photodiodes have red filters, and 16 photodiodes are clear with no filters.
The four types (colors) of photodiodes are interdigitated to minimize the effect of non-uniformity of incident
irradiance. All 16 photodiodes of the same color are connected in parallel and which type of photodiode the
device uses during operation is pin-selectable. Photodiodes are 120 um x 120 pm in size and are on 144-um
centers.

Functional Block Diagram

| 2 L
—»| o Current-to-Frequency
Photodiode
Light

8 — { Array Converter |

_—_—-T ————————— T-—r-—_—l
$2 83 S0 S1 OE
The LUMENOLOGY ® Company Copyright © 2004, TAOS Inc.
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Terminal Functions

TERMINAL Vo DESCRIPTION
NAME NO.
GND 4 Power supply ground. All voltages are referenced to GND.
OF 3 1 Enable for f, (active iow).
ouT [ O Output frequency {f,).
S0, S1 1,2 | Output frequency scaling sefection inputs.
S§2, 83 7.8 1 Photodiode type selection inputs.
Voo 5 Supply voltage
Table 1. Selectable Options
S¢ S1 OUTPUT FREQUENCY SCALING (f,) S2 s3 PHOTODIODE TYPE
L L Power down L L Red
L H 2% L H Blue
H L 20% H L Clear (no filter)
H H |100% H H |Green
Avallable Options
DEVICE Ta PACKAGE - LEADS | PACKAGE DESIGNATOR | ORDERING NUMBER
TCS230 ~40°Cto 85° C SOIC-8 D TCS230D

Absolute Maximum Ratings over operating free-air tamperature range (unless otherwise noted)’

Supply voltage, Vpp (SBE NOte 1) ... o i i e e 6V
input voltage range, allinputs, V) ... .o e S -0.3VtoVpp+ 03V
Operating free-air temperature range, Ta .. .. ..o e -40°C to 85°C
Storage temperature TANGE .. .......ccititriti ittt ottt eneraaaaaanaenenn -40°C to 85°C
Solder conditions in accordance with JEDEC J-STD-020A, maximum temperature ............... 240°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage 10 the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under *recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respact to GND.

Recommended Operating Conditions

MIN NOM MAX | UNIT
Supply vottage, Vpp 27 5 55 v
High-evel input voitage, Vi Vop=27VIio 55V 2 Voo v
Low-level input voltage, V), Vpp=27VtobsV 0 0.8 A
Operating free-air temperature range, Ty, -40 70 °C
1 ——————

Copyright © 2004, TAOS Inc. TEXAS The LUMENOLOGY ® Company
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Electrical Characteristics at Ty = 25°C, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX) UNIT
Vou High-level output voltage lom = -4 mA 4 4.5 v
VoL Low-leve! output voliage loL = 4 mA 025 040 v
I High-evel input current 5| pA
e Low-ieve! input current 5 pA
Power-on mode 2 3| mA
oo Supply curent Power-down mode 7 15| pA
S0=H,81=H 500 600 kHz
Full-scale frequency (See Note 2) S0=H,S81=L 100 120 kHz
S0=L,81=H 10 12 kHz
Temperature coefficient of output frequency L=< 700 nm, -25°C < Tp < 70°C +200 ppm/°C
ksvs Supply voltage sensitivity Vpp =5V 10% 0.5 %!V

NOTE 2: Full-scale frequency is the maximum cperating frequency of the device without saturation.

The LU/MENCLOGY ® Company Copyright © 2004, TAOS Inc.
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Operating Characteristics at Vpp = 5 V, T = 25°C, S0 = H, S1 = H (unless otherwise noted)

(See Notes 3, 4, 5, 6, and 7).
CLEAR BLUE GREEN RED
TEST PHOTODIODE PHOTODIODE PHOTODIODE PHOTODIODE
PARAMETER CONDITIONS S2=H,S3=L §2=1,83=H $2=H,53=H s2=1,83=1 | UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
= 2
f:= olkwien® ) 16 20 24[n2 164 216 kHz
Cutput Eq = 40.4 yWicm?2,
fo  frequency o= 524 nm % 20 24 8 136 19.2 kHz
= 2
AE;= 632(.)6ni:nWIa“ | 16 20 24 14 19 24| KMz
Dark -
fp fraquency Ee=0 2 12 2 12 2 12 2 12} Hz
?.1, =470 nm 424 348 81 26
R, Iradiance 3, = 524 nm 495 163 337 35 (I:Vz\’;l
responsivity =
(Nc“e 8) 2¢<~ 565 nm 532 37 309 91 CT"Z}
Ay = 640 nm 578 17 29 550
Ap =470 nm 141G 1720
ﬁ:‘ng' Ap =524 nm 1210 1780 Wi
(NC“B 9) A1)= 565 nm 1130 1840 cm
Ap = 640 nm 1040 1090
Ay =470 nm 565 464 108 35
" Illuminar_lv;otey Ap = 524 nm 95 31 65 7 Hz/
responsi —
(Nots 10) Ap“ 565 nm 89 6 52 15 Ix
Ap = 640 nm 373 " 19 355
_ $0.1 +0.1 $0.1 +0.1 o
fo=0105 kHz % % o % % F.S.
Noniinearity = +0.2 +0.2 +0.2 +0.2 ES
{Note 11) fo= 010 50 kHz % o % o % F.S.
- +0.5 0.5 +0.5 20.5
fo =010 500 kHz % % o 9% % F.S.
Recovery
from power 100 100 100 100 us
down
Response
time to out-
put enable 100 100 100 100 ns
(OE)
NOTES: 3. Optical measuremants are made using smalfl-angle incident radiation from a light-emitting diode (LED) optical source.
4. The 470 nm input Irradience is supplied by an InGaN light-emitting diode with the following characteristics:
peak wavelength A, = 470 nm, spectral halfwidth ALY = 35 nm, and Juminous efficacy = 75 IVW.
5. The 524 nm input ifradiance is supplied by an InGaN light-emitting diode with the following characieristics:
peak wavelength A, = 524 nm, spectral halfwidth Ai'% = 47 nm, and luminous efficacy = 520 Im/W.
6. The 565 nm input iradiance is supplied by a GaP light-emitting diode with the following characleristics:
peak wavelength A, = 565 nm, spectral halfwidth ALY: = 2B nm, and luminous efficacy = 595 Im/W.
7. The 640 nm input Iradiance is supplied by a AlInGaP light-emitting dicde with the following characieristics:
peak wavelength A, = 640 nm, spectral haifwidth ALY = 17 nm, and luminous efficacy = 155 Im/W.
8. Imadianca responsivity Ry, is characterized over the range from zero to 5 kHz.
9. Saturation imadiance = (full-scale frequency)/(imadiance responsivity).
10. IHuminance responsivity Rv is calculated from the irmadiance responsivity by using the LED luminous efficacy values stated in notes

1n.

4,5, and 6 and using 1 Ix = 1 Im/mZ,
Nonlinearity is defined as the deviation of fg from a straight line between zero and full scale, expressed as a percent of full scale.

Copyright © 2004, TAOS Inc.
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TYPICAL CHARACTERISTICS

PHOTODIODE SPECTRAL RESPONSIVITY
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PHOTODIODE SPECTRAL RESPONSIVITY WITH
EXTERNAL HOYA CM500 FILTER
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APPLICATION INFORMATION

Power supply considerations

Power-supply lines must be decoupled by a 0.01-pF to 0.141F capacitor with short leads mounted close to the
device package.

Input interface

A low-impedance electrical connection between the device DE pin and the device GND pin is required for
improved noise immunity.

Output interface

The output of the device is designed to drive a standard TTL or CMOS logic input over short distances. If lines
greater than 12 inches are usad on the output, a buffer or line driver is recommended.

Photodiode type (color) selection

The type of photodiode (blue, green, red, or clear) used by the device is controlled by two logic inputs, S2 and
S3 (see Table 1).

Output frequency scaling

Output-frequency scaling is controlled by two logic inputs, SO and S1. The intemnal light-to-frequency converter
generates a fixed-pulsewidth pulse train. Scaling is accomplished by intemalfy connecting the pulse-train output
of the converter to a series of frequency dividers. Divided outputs are 50%-duty cycle square waves with relative
frequency values of 100%, 20%, and 2%. Bacause division of the output frequency is accomplished by counting
pulses of the principai intemal frequency, the final-output period represents an average of the multiple periods
of the principle frequency.

The output-scaling counter registers are cleared upon the next pulse of the principal frequency after any
transition of the S0, $1, 82, $3, and OE lines. The output goes high upon the next subsequent pulse of the
principat frequency, beginning a new valid period. This minimizes the time delay between a change on the input
lines and the resulting new output period. The response time to an input programming change or to an irradiance
step change is one period of new frequency plus 1 uS. The scaled output changes both the full-scale frequency
and the dark frequency by the selected scale factor.

The frequency-scaling function allows the output range to be optimized for a variety of measurement
techniques. The scaled-down outputs rmay be used whers only a slower frequency counter is available, such
as low-cost microcontroller, or where period measurement techniques are used.

Measuring the frequency

The choice of interface and measurement technique depends on the desired resolution and data acquisition
rate. For maximum data-acquisition rate, period-measurement techniques are used.

Output data can be collected at a rate of twice the output frequency or one data point every microsecond for
full-scale output. Period measurement requires the use of a fast reference clock with available resolution directly
related to reference clock rate. Output scaling can be used to increase the resolution for a given clock rate or
to maximize resolution as the light input changes. Period measurement is used to measure rapidly varying light
levels or to make a very fast measurement of a constant light source.

Maximum resolution and accuracy may be obtained using frequency-measurement, pulse-accumulation, or
integration techniques. Frequency measurements provide the added benefit of averaging out random- or
high-frequency variations (jitter) resulting from noise in the light signal. Resoiution is limited mainly by available
counter registers and allowable measurement time. Frequency measurement is well suited for slowly varying
or constant light levels and for reading average light levels over short periods of time. Integration (the
accumulation of pulses over a very long period of time) can be used to measure exposura, the amount of light
present in an area over a given time period.

DPTAOS
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APPLICATION INFORMATION

PCB Pad Layout
Suggested PCB pad layout guidelines for the D package are shown in Figure 4.

=il 1

gl

NOTES: A Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Figure 4. Suggested D Package PCB Layout

The LUMENOLOGY © Company Copyright © 2004, TAOS inc.

TEXAS
ADVANCED
OPTOELECTRONIC

DTAOSE:.

www.taosinc.com 7




TCS230
PROGRAMMABLE
COLOR LIGHT-TO-FREQUENCY CONVERTER

TAQS0468 - DECEMBER 2004

MECHANICAL INFORMATION

This SOIC package consists of an integrated circuit mounted on a lead frame and encapsulated with an electrically
nonconductive clear plastic compound. The TCS230 has an 8 X 8 amay of photodiodes with a total size of 1.15 mm
by 1.15 mm. The photodiodes are 120 um X 120 pm in size and are positioned on 144 um centers.

PACKAGE D PLASTIC SMALL-OUTLINE
NOTE B
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NOTES: A. Alllinear dimensions are in millimeters.

The center of the 1.15-mm by 1,15-mm photo-active area is referenced to the upper left corner tip of the lead frame (Pin 1).
Package is molded with an elecirically nonconductive clear plastic compound having an index of refraction of 1.55.

This drawing is subject to change without notice.

Figure 5. Package D — Plastic Small Outline IC Packaging Configuration
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PRODUGTION DATA — information in this document is current at publication date. Products conform to
specifications in accordance with the terms of Texas Advanced Optoelectronic Solutions, Inc. standard
warranty, Production processing does not necessarily include testing of all parameters.

NOTICE

Texas Advanced Optoelectronic Solutions, Inc. (TAOS) reserves the right to make changes to the products contained in this
document to improve performance or for any other purpose, or 1o discontinue them without notice. Customers are advised
to contact TAOS to obtain the latest product information before placing orders or designing TAOS products into systems.

TAOS assumes nc responsibility for the use of any products or circuits described in this document or customer product
design, conveys no license, either expressed or implied, under any patent or other right, and makes no representation that
the circuits are free of patent infringement. TAOS further makes no claim as to the sultability of its products for any particular
purpose, nor does TAOS assume any liability arising out of the use of any product or circuit, and specifically disclaims any
and all liability, including without limitation consequential or incidental damages.

TEXAS ADVANCED OPTOELECTRONIC SOLUTIONS, INC. PRODUCTS ARE NOT DESIGNED OR INTENDED FOR
USE IN CRITICAL APPLICATIONS IN WHICH THE FAILURE OR MALFUNCTION OF THE TAOS PRODUCT MAY
RESULT IN PERSONAL INJURY OR DEATH. USE OF TAOS PRODUCTS IN LiFE SUPPORT SYSTEMS IS EXPRESSLY
UNAUTHORIZED AND ANY SUCH USE BY A CUSTOMER IS COMPLETELY AT THE CUSTOMER'S RISK.

LUMENOLOGY, TAOS, the TAQS logo, and Texas Advanced Optoelectronic Solutions are registered trademarks of Texas Advanced
Optoelectronic Solutions Incorporated.
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