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ABSTRACT

This thesis presents theory and automatic valve control procedures. The system consists of gate valve
coupling with gear and servo motor, Key-Pad, LCD Display, Microcontroller and related electronic circuits.
The objective of this project is to control the valve by applying the value of percentage in 0-100% of the
valve position via microcontroller. The value can be monitored through LCD display.

Procedure of making this project begins to research the valve for suitable control. Then the structure of
coupling component and the related electronic circuits are designed. After that 2 PIC microcontroller with C
language is used in this project. One is operated for key-pad, LCD display and control program. Another one

1s performed for control the servo motor.
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qUn2.8Tnsadensviniunielu PIC16F877

RESTIQSOIT 183
RCHTI0BICCP2
RCHCCP1
RCISCKSCL
RCA/SDYSDA
RCHSDO

RCETXICK
RCTRXDT



2.3.5 510021080AYDIv1 PIC16F877

15197 2.1 5180z BuavaIY) PIC16F877

uiia
dumnls AARNAIINIG .
#amn - ﬁ:: Sviciad swenlva
Oscillator crystal input/external clock source
OSC1/CLKIN 13 ! ST/ICMOS input.
Oscillator crysta! output. Connects to crystal
or resonator in crystal oscillator mode. In RC
OSC2/CLKOUT 14 (0] — mode, OSC2 pin ocutputs CLKOUT which
has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
Master Clear (Reset) input or programming
MCLRNVPP 1 P ST voltage input. This pin is an active jow
RESET to the device.
PORTA is a bi-directional }/Q port.
RAOQ/ANO 2 1O TTL RAO can also be analog input0.
RA1/AN1 3 0 TTL RA1 can also be analog input1.
RA2 can also be analog input2 or negative
RA2/AN2/VREF- 4 o T analog reference voltage.
RAZ3 can aiso be analag input3 or positive
RAJ/AN3VREF+ 5 1o T analog reference voltage.
RA4 can aiso be the clock input to the
RA4/TOCKI 6 1o ST TimerO timer/ counter. Output is open drain
type.
RAS can also be analog input4 or the slave
RAS/SSIAN4 7 Vo T select for the synchronous serial port,
PORTB is a bi-directional YO port. PORTB
can be soft-ware programmed for intemat
RBO/INT 33 Vo TTUST weak pull-up on all inputs. RBO can also be
the external interrupt pin.
RB1 4 110 TTL
RB2 35 7o TTL
RB3 can also be the low voltage
RB3/PGM 36 o m programming input.
RB4 37 {10 TTL Interrupt-on-change pin.
RBS 38 10 TTL Interrupt-on-change pin.
Interrupt-on-change pin or In-Circuit
RB6/PGC 38 o TTUsT Debugger pin, Serial programming clock.
Interrupt-on-change pin or In-Circuit
RB7/PGD 40 Vo TTUST Debugger pin. Serial programming data.
PORTC is a bi-directional {/O port.
RCO can also be the Timer1 osciliator output
RCO/T10SO/T1CKI 15 o ST or a Timer1 dlock input.
RC1 can also be the Timer1 oscillator input
RC1/T10Sl/ICCP2 16 110 ST or Capture2 input/Compare2 output/PWM2
output.
RC2 can also be the Capture1
RC2/CCP1 17 1o sT input’Compare1 output/PWM1 output.
RC3 can also be the synchronous serial
RC3/SCK/SCL 18 1o ST clock input/ output for both SPi and 12C
modes.
RCA4 can also be the SPi Data-n (SP! mode)
RC4/SDI/SDA 23 o ST or data /O (12C mode).
RC5 can also be the SP1 Data Out (SPI
RC5/SDO 24 /(0] ST mode).
RCS can also be the USART Asynchronous
RCEMX/CK 25 1o ST Transmit or Synchronous Clock.
: RC7 can aiso be the USART Asynchronous
RC7/RX/DT 2% | WO ST Receive or Synchronous Data.

11
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P ' -
13NN 2.1 (AD) 510aL10UAVDIV PIC16F877

wile
sy YNAVBIIVAT -
fam o a;a pirrie noazifing
RDO/PSPO 19 110 ST/TTL
RD1/PSP1 20 (o} ST/TTL
R s 21 vo ST | PORTD is a bi-directional 1/0 port or parallel
RD4/PSP4 27 /o STATL | Slave port when nterfacing to 3
RD5/PSP5 28 1O STATL pr '
RD6/PSPSE 29 110 ST/TTL
RD7/PSP7 30 {/[s] ST/TTL
PORTE is a bi-directional I/O port. REQ can
TT1 also be read control for the paraliel slave
Eg?ﬁ%ﬁ':fa g :;8 gl’.n_n‘ port, or analog input5. RE1 can also be write
Tl contro! for the paralle! slave port, or analog
RE2/CS/AN7 10 o ST, input6. REZ2 can also be select control for
the parailel slave port, or analog input?7.
VS8S :13‘1? P _ Ground reference for logic and 1/O pins.
vDbD ;; P —_ Positive supply for logic and 1/O pins.
NC _ _ These pins are not internally connecled.
These pins should be left unconnected.

2.3.6 M3dAa 33U IUsUnTNYEI PICI6F877
- v o é =y
PIC16F877 aziivunaveaniisanus Tusunsy deaaunsnsnade1anesK byte TAuPIC16F877 v

fluuanuien s uNINY 8K x 14 bits FIAMNUI Reset Vector 90YT1 0000h 1402 Interrupt Vector 3¢

] v
o

Vo 1 ] ° & ’ o °
ag# 004h PIC vzutamireanus Tusunsuesndiunt Funaznth Aezllvuin 2 Kbytes  Farda

& qv g 1 o v A
CALL taz GOTO o150 d419 Program  Counter 3¢ 1aalun'l@1usa9 Page tviniu uaduiie

b4
[ LY

A o %
#0am3n32 1A Page nils 1154Bn Page vils aniudsdnslinlugu PCALTH<4:3> (Bit Address

3 [
o ~ o w

v 4 v
12 vaz 13 My lUdePagefvamsidonoundenmiusasoniide CALL w30 GOTO nudni)



| PC<120> |
©ALL, RETORN /]? 13
RETPIR, RETLW {l/ 7
Sock Level 1
Sock Levet 2
L ]
*
»
Sock Leval 8
RESET Vacx 9 0h
: -
»
Inserrupt \ieeser 0303k
(5014
3320
07FFh
689Ch
Faget
Cnlnp =
Pregam CFFE
Memory 199¢h
Page2
13FPn
1890h
52523
. 1PFFR

511 2.9 nsdaassmisanud Tsunsuves PIC16F877

13

=} EY ] o Y -3 A o o ] d'a
MsRonni vosnuleanus lusunsy szdsudonlusiamos PCALTH Tﬂumss:umxmumm 3

uasa 4

A15197 2.2 A1 PCLATH<4:3> lumsiasnuiii ¥84 PIC16F877

PCLATH<4:3> PAGE

00 | 0
01 1
10 2

11 3
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{ awe [ g . R TIP
1 l9f1de CALL 117 Routine 10 Routine ni190d7 a3z 14 1d RETURN lumsndvTddumuaidy

A T

v v ¥ 1
M3 RETURN naviiu lusudludoeds pcaLTH W3 1St nountiifiazSun CALL iWs12A1 Address
o ' a3 Y. v W Vo @ o o Y 1 Y v q ¥ a0 (o
ananezgmny 13lu STACK sguduadimiudrds GoTo nadhumih vzdesdelv PcaLTH F11ds

v 4y +
nindeansey lypass

23.7 M33AaI3HIEANNIUoYa RAM Y03 PIC16F877
PICI6F877 finutsanusrdoya RAM dmsuldnwinlyl 368 bytes uaziisvanes 1w 8 bits 57

@2 A931N2.19 uAay Bank Hvungage 128 bytes ualims I 1aassluusaz Bank Andulagluusas

1 I
@

4w 4 4
Bank UN179ATTTNUNAIU

- Bank 0 U%23 Address 0x00-0x7F
Address 0x00-0xIF iluitui3smnedIng
Address 0x20-0x7F Iufiufiveamizuanusrdeyadmiuidauialy 96 bytes
- Bank 1 %23 Address 0x80-0xFF
Address 0x80-0x9F ilutuivedsane s Ind uafivne Address il
- Address 0xA0-0xEF fumuiiveantienusifeyadmivFnuly 80 bytes
- Address 0xFO-0xFF U333¥oyaimilourulu Address 0x70-0x7F 1u Bank 0 iNo978
Wamnsel¥¥eyann Address 0x70-0x7F 1&ire8uTaehidoa/deou Bank
- Bank 2 4929 Address 0x100-0x17F

»

- Address 0x100-0x10F W uiiufivesismaos 1Wd uaiiute Address luldau

¥
[ ]

- Address 0x110-0x11F iWuuiiveamiearmdrfoyadmsvlFain Ty 16 bytes

» ¥
- Address 0x120-0x16F xﬂuﬁuﬂmawmﬂmmﬁﬁ

R

ayadm5ulFannialy 8o bytes
- Address 0x170-0x17F 3533¥oyamiounuly Address 0x70-0x7F 1u Bank 0 o
14 [
e Inansnlddoyanin Address 0x70-0x7F 1Adeiu Taeliidealasy Bank

- Bank 3 1924 Address 0x180-0x1FF

I3 4
-

- Address 0x180-0x18F (uituivasismans Ind uatiung Address lil¥am

- Address 0x190-0x19F Li‘_luﬁfuﬁmmwdwmms’iﬁ’fayaé’(mé’n“l%’qmv'h"lﬂ 16 bytes
- Address 0x1A0-0x1EF iufiufivoamisvanuirdoyadmiuldanialyl 80 bytes
- Address 0x1F0-0xIFF u35q¥ayamilousulu Address 0x70-0x7F lu Bank 0 iife

#reld o130 199010910 Address 0x70-0x7F 18d1e3u Tae lidew/dou Bank
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M31A0A Bank vaamusANuiIdoyn RAM ezdoudonluiimans STATUS Tasmssyy

AuviuaNla 5 azlia 6 (RPO, RP1)

15199 2.3 A1 RPO ttazA1 RP1 11n15189A Bank Y04 PIC16F877

[J Uninydemeniod data me-mory keati s, read as O

* Nnt a phiysical racpsier
Note 1, These pvisters are nut implemeted on the PICIGF 876,

2. Theae pegindnes ane reservd, mointain ther se eoigistens  b-or

RP1:RPO Bank
00 0
01 1
10 2
i1 3
Fio File Fike Fila
Adikess Adhdress Address Akbose
I direct 2kde S DOR Indirect addr i’} gpn Indirect addr. S 1000 | indirectaddeS™) yaoh
THARD 91h CPTION REG| 81h TARRT 101h OPTION REG] 181h
PCL oZh PCl A%h PCL 102h PCL 182h
SIATUS | 0dh STATUS | 83h STATUS 1035 STATUS ] 183h
FSR Gdh FSR a4h FSH 104 FER 18h
PORTA 05h IRISA ! BSh 10ch 185h
PORIB NGh 1RISB 86h PORIB 10€h TRISB 18Gh
PORTC o7h TRISG 87h 107h 1871
PORTDT ] 08h TRISDYY 1 goh 108h 168h
PORTE!N | P9h TRISEY 1 gun 10h 18%h
PCIATH | “h DCLATH 1 BAb PCLANN | 104h PCLATH | 18Ah
WICON | 98h HICON | 6ith INTGON | 10ish INTCON _ § 1803h
PIR1 ach TS BCh EEDATA 10Ch EECONY 18CH
TIR2 20h PE2 a0k EEADR 100K EECONZ | 180h
TORIL DEh PCCN HE® EEDATH ] OFh 15%h
TER1H o h Qkh EEADRH 10Fh Reserved® | 185Fh
TiCON $0h 90h 194 190h
TMRZ t1h SSPCON2_| 9h 1th 191h
T2CON 12h PrRG 9M 12h 19zh
13h SSPADD 1 93h 13h 193k
SSPCON | 14h SSPSIAT | 94h 14h 154h
CCPRIL | 15h 9sh 115h 195h
COPRIN | 16h oCh 11€h GConeral 15h
CCPICON | 17h 97h Genernl 17k ot 197h
RCSTA ] 18h TXSTA | 9% R | 118m primse 1 gomn
TXREG 14h SPBRG 9%h 18 Bytes 1150 15 Bytos 199h
RCREG 1Ah GAh 11Ah 19Ah
COPRA. 1Bh oBh 11Bh 1458h
CCPRH ] 1Ch acCh NCh 19Ch
CCP2CON_ ) 1Dh 9Dh 1Dh 190h
T ADRESH ] 1Eh ADRESL | 9Eh H1Eh 1Eh
ADCOND | 1Fh ADCON1 | 9Fh NFh 19 h
20h Alh 12th 107k
mGemn.i genaal gened General
A L' .-} Li ALty
Reqpx;‘; Rc«?':l;er Reg:l?r Rupisier
96 Bytes, 80 Bytes EFh 80 By 1GFh 80 Bywn, 1t h
accesses Fih DOGOTLY §7Uh SICOR82 8, iFdh
700-7Fh h-7Fh 77 - fFh
TFh FFh 17Fh Hih
Bank Bank 1 Bank 2 Bank 3

ju2.10 mssaassmitsnnuiidoyn RAM nazdumiis3Sames ¥o PIC16F877
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2.3.8 33mnoInanves PIC16F877
23.8.1 Fdenned Configuration word
Huu1a 14 bits eg:ﬁ Address 2007h 11 Program Memory Tasmsyiaiiesduea PIC
%zgnﬁmuﬂﬁnﬁwmmi‘imsﬁr Wﬁinzud]u Enable/Disable Power-up timer, Enable/Disable Watchdog,
Oscillator bits (f‘imuﬂﬁnwmﬁnﬁlpmmﬁm) mizenaifidumiag ssdesimualuvaizinms
WeouT1s1n5uadg Flash Memory 493 PIC
23.8.2 33a1n05 STATUS

o sAq VYS9 ¢ o
L‘ﬂuii]ﬁlﬂﬂiﬂﬂl‘mﬂu%ﬂy‘ﬁllﬁﬂﬂﬁﬂ'mﬂ']iiu‘l’l'lxﬂu"llﬂxi PIC16F877

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x
R/W-x
IRP RP1 RPO TO PD V4 DC C
Bit 7 Bit0

3U#12.11 533 STAUS

in7 IRP (Indirect Register Bank Select bit) 141don Bank veeniawausidoyn RAM iiiold
M9 1f ML Tasdoy
1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)
{in 6-5 RP1:RPO (Register Bank Select bits) 191100 Bank vosmtiaeanwidoyn RAM iife1d
MsonR e Tnense
11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
11 = Bank 1 (80h-FFh)
11 = Bank 0 (00h-7Fh)
1n4 TO (Time-out bit) Uaudaansiiau lnuallszndandeanu
1 = After power-up or by the CLRWDT instruction
0 = By execution (;f the SLEEP instruction

= . ¥ o ~ 7
Un2 Z(Zerobit) 1‘1“1?‘@\1Wﬂﬂ’liﬂizvnﬂ']ﬁ\?ﬂ']\iﬂmﬂﬁ1ﬁﬁ5

1 = The result of an arithmetic or logic operation is zero




dilomempnan nizveuinfimansslie 17

0 = The result of an arithmetic or logic operation is not zero
fin1  DC (Digit carry/borrow bit) 1Huermamsnanedusznitnanlunsdisds ADDWF n3e
ADDLW
1 = A carry-out from the 4™ low order bit of the result occurred
0 = No carry-out from the 4" low order bit of the result
uazuaasmInduiuiiionsyiiids SUBWF e SUBLW
a0  C(Carry/borrow bit) 1¥tiaaInsnansotiuvesn MSB
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred
23.83 Somnes W ilhiSSmmesAtiunumdidy mselunsdsznananeadamians
4

wdoanszisImans w nazdaimihnidudinarelumsderiiuaniuzues Output 1s VO PORT

Y
NP8

oL

2.3.8.4 Program Counter (PC) Lﬂuﬁﬁmai{ﬁnﬂym%i ¢1) Address 499 Program Memory

d' k- L o A . G'I o g Q' 3 g
Amdaimsszuiana Faaziilu Counter ¥ua 13 bits Taviia 1ud2 Counter Aaflaziudu 1 99 As

(1
A

- o & o & S 4 1 a4 S o ' o & ~ ° '
ll‘@nn'ﬁﬂigl’jawaﬂ’]ﬁ\uﬂﬂmu 1 a%3 m@ﬂ‘l'ﬂ“ﬁﬂQﬂﬂﬂﬂ“lﬂu\ﬂl'ﬂ\iﬂ’]ﬁ\iﬂﬂ‘lﬂ'ﬂﬂz'ﬂ’]fni‘lli:ll')ﬁﬂﬁ 1189

1 '
o

Hotlszunndds JUMP &2 counter seTiAurdudumLaRdIde JUMP 1fudheia

2.3.8.5 Stack Humirsarudichsesdmsuiiusves pC vuna 13 bits Taadudeyald
8 sz Taeiiudmmiisves pc ifudeddds CALL uazdadumisiiinB3oon 1 pc iileiisds
RETURN Tasmsifiuazid iy LIFO (Last In First Out)

23.8.6 PORTA, PORTB, ... (U101 404 PORT 1117)

2.3.8.7 TRISA, TRISB, ... 1¥fmuaiianevesv1ved PORT ﬁuq 11l Input
50 Output Taedivualfidy o vl Output $111u 1 92i¥lu mput

2.3.8.8 33q1Av3 CCP1CON naz CCP2CON i3 3amosntuguluga CCP1 waz CCP2

(Address 17h, 1Dh)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

- - CCPxX CCPxY CCPxM3 CCPxM2 CCPxM1 CCPxMO0

uii2.12 3mae§ CCPxCON

82012
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1in 7-6 . il manily <o
) ¥y d " a d’ a @ a ] 9/ A
a 5-4 CCPxX:CCPxY l#numadd lafavesdgyaiu PWM Tu 2 inan sldanuieluga
ccpx 1a5umsdmualivalulnus pwM drudoya 8 Tauu az1dn33ames CCPRxL
1m 3-0 CCPxM3: CCPxMO 1Hidannisfianuvesluga CCPx

“0000” — gansollanisdnuuneluga ccpx MldTuga CCPx iin3iwn

[
[y o @ el

«0100” — e luTvuansndudygra Tasasieduiinne vouvinsvesdyyin

[

' 14
«0101” — e luTnuans9sudynu Tasasr9suiinng vouv¥uvesdyn o

o g

[V

v ¥ I3
«0110” - e luTnuaasesuduanu Tnoasresuiinng vouv¥uh 4 vosdyg i

DRe

“0111” - M luTnuanswiudygyiu Tasasiosuiinne vouuR U 16¥D 9ty 19

«1000” ~ v iuTnuansrnnlSoufsudeya udswansulSeuiivudisnisiaeviya

(iJoivfiu (CCPXIF vzimn)

10017 - manululnuaasinnSsuiiendoyn udswansnlSouifoudrsnisindes

o Winailowiiu (CCPXIF vz1wm)

«1010"  ~ e luTnuannudSouieudeya ilenudusziimssumes suld
(CCPXIF 9219 ud anuzii cCPx 92 hildsunanseny)

10117 - ey TnuansrudSsuiondoya ieAuifuszims fuidadya o
ASEAUMANIBINIAY Trigger Special Event (CCPXIF 331%@ uAdIUER CCPx
a2 Tuldsumansznu nagiinis3iama TMR1)

“11xx” - M luTnuaadredyyia PWwM

239 mymaululvinag PWM
Tuga ccPx azfimsfniadayanauogindunannuniieiad (Pulse Width Modulation: PWM)
AUAZIBYA 10 Un Tyl PWM fad 198 1azda90AMI RC2/CCP1 138 RCI/TIOSUCCP?
2.3.9.1 nanmsa¥deey o PWM
1. fmuad s amed PR2 iedmusdmvosdaygy o PWM
2. fviuamiod lwda Taudoudoynadluidanes CCPRxL  $aufuiin 5-4
¥9459a1A835 CCPxCON
3. fmualdvinesn RC2/CCP1 wie RCI/TI0SVCCP2 1Hue1iyariterdu
nugenvesdayaa PWM Tasmisindeiinfi 2 n3e 1 90433maes TRISC
4. fmuaanfTainamesves TMR2 uazouniiiamsiauues Tnwes 2

5. Amuald Tuga cCPx a1 Tnus PWM
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Exey Cycie Pogstors = CCPICCH3 4>

corRiL ¢ |
i mm[smyg I
RCaICCA
Comparanr R (5]
I THR2 }(uohﬂl .
TRISCe2>

Cézar Taret
CCFY an and
Hch 3C

Mota 1: Tre B.Git el < XCSMerdiel o 2.0t serne: Q
dock of Ihin o N2 FIGEIAKY 1T Cc'edw (0.0 I
base

JUN2.13 msihamwealuga CCP1 ea i dya I PWM

4 d v ad . 4 e
1n3UN 2.22 wag 31 2.23 Muifiluga CCPx BuiauA 198 TMR2 92NUAUUIMIAL PR2
4 s a a Vo 3 '
v INesN RC2/CCP1 130 RCI/TIOSICCP2 92iAnandn “1” HAZAITHIUZDgITUI UIAIA 18I TMR2
s J a Y] A ; [ o n’: " A ; a z:l'o 9 Aa o N
smindesuazGuiumuiulng ndwimiumaii lmia admua13lu3dmans CCPRxL uaz 2 Inlu
CCPxCON azgnaienon 11ds CCPRxH uae 2 fialumizeanudmimmienlSsufsudvarlu TMR2
¥ o =) é P llg ¢§ n'l d' kY 3 v T 1T e o LY
wazmfSainames 2 ia FunnauiSosqsunsziuliotoyans 2 nguminy sedsdyga Tl ildan
4 '
wo$A RC2/CCP1 w3o RCI/TI0SV/CCP2 nduuuiluasdn “0” uazasaniuzagiiuinsunszisnives
' e n’: o a W < a ? o o
TMR2 WU PR2 3nas Nezifadyanmandn <17 iumsSudusouImiveadynia uazezihaunu

¥ 1] v
wuilaunsenalimsamoia

- Pﬂbd bl
-
[ ] ]
! I ! l I
T
. ' TMR2~PR2
; H TMR2 » Duty Cydle ]

sil2.14 wanavesdyg i PWM
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'V A E 4 . o v ‘3 14 [] ) v ' ’

AA9A lfavesdygia PWM Radnvuiisunsanldsunlasldnasanar vinmsideumi

CCPRxL uaz 2 finlu CCPxCON uamvesntunamiennudzidoundasluldouniiesngans

[ ) F 4
wam udrimuasvesnunatadluiimmes PR2  Ina defudygia pwM Hadsduiesmnsa
o 1A Al a 14 1 4

fnuamdn lmialdamwnnudens

° [ o b4 a ¥ aa g

2.3.9.2 msmmuaniumvesdyana PWM i 1@ Taomsi@oudoyaasluidmnes

PR2 G3mmasmunatvesInues 2) udnivves PR2 mdnnamimaunmvesdyyin PWM
o v s o v a
AMunavesdyyIn PWM = (MTu33anes PR+ 1) x 4x T . x Anfimnamesves TMR2

Tagdl T, Ao munawssdyandanudnlmbaiiuni

14
mlusiamesianuadna luglveuavgiudy
ANUDYITYYIN PWM = /M una1veddyyin PWM

23.93 m3mnuanana lsfavesdyaa PWM i 1d Taemsilioudeyalldsimmes
CCPRxL 57 Uin 5-4 ¥0453mn0s CCPxCON i lkmuisasimuannuaziBonvesdygin PwM 14
gagada 10 Ua Tae 8 n vusz1ddoyalusdmnes cCPRxL daulu 2 ia aelddoyaludia 5-4 veq

59am05 CCP1CON

3

A7 lmiaveedeyeyIn PWM = (CCPR: CCP1ICON<5:4>) ,,,  x Toq.

Tt T, Ao Munawesdyanannmaniimiuduiui

' aa 4 3 o ]
mlussamesvianuad i lugdvesavgiudy

¥
=

23.9.4 nmuaziduaveadynia PWM wzdiuegiuinilSainamesves nwes 2 Tuvare

@ o a

NANuazBYAgegAvEIdY Y IN PWM 3zduiussuaudnfmue anwdvesdygrannin uasas

Anamos

L= a
ANNAZIDNA (UM) =

[ =

Tash  f,o Ao mwdvesdyanauundnvaniimiioiiu oz

111

Fomy A0 AVWDVRATYR Y PWM UMi2eily Hz
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N fio a1fSanamas Tu'lnwed 2

o = = A ' S VW
Y IN PWM %zummazmUﬂqaqmnﬂﬂwmﬂ?mnmaasmmn 1

M 3190 2.4 A2961VUAANNDLEZANATIBUAVDITYYIU PWM 172D 20 MHz

ANUDVBIT Y I8 PWM (kHz) 1.22 4.88 19.53 78.12 1563 | 2083
¥ =t 4
anlSawnamas (1, 4, 16) 16 4 1 1 1 1
A3 3a1As PR2 FFh FFh FFh 3Fh 1Fh 17h
ANUAZIBUATIYA (Tn) 10 10 10 8 7 5.5




dy P N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuienisnyiniuu lweygislmilulsdssloguaunisan

. = S a &Y 9P & YooY A= & aa ° -
VLZLI’JWﬂiﬂﬂ,G]S] Ne@u anvemudlnaauUasiom LLGSG]ENEJ’NENOQL"Q']‘UENL@ﬂﬁ?inﬂﬂiﬂﬂmﬂ’liuqlﬂiﬁi



dy P N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuienisnyiniuu lweygislmilulsdssloguaunisan

. = S a &Y 9P & YooY A= & aa ° -
VLZLI’JWﬂiﬂﬂ,G]S] Ne@u anvemudlnaauUasiom LLGSG]ENEJ’NENOQL"Q']‘UENL@ﬂﬁ?inﬂﬂiﬂﬂmﬂ’liuqlﬂiﬁi



dy P N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuienisnyiniuu lweygislmilulsdssloguaunisan

. = S a &Y 9P & YooY A= & aa ° -
VLZLI’JWﬂiﬂﬂ,G]S] Ne@u anvemudlnaauUasiom LLGSG]ENEJ’NENOQL"Q']‘UENL@ﬂﬁ?inﬂﬂiﬂﬂmﬂ’liuqlﬂiﬁi
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vdd(5V)

Vss(0V)
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—-> <—— 2.0 ms 138 > 1.5 ms

«——— Period20ms —»

)

7135 Wadnisnyu (Ao)

ninM3nIUAN DC Serve Motor nadonJ5unauad

1.

Vdd(5V)
Vss (0V)
Vdd(5V)
Vss(0V)

[ 4 ¥

Y s Yy ¥ ¥ o P
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1 1.05 10.04 0.51
2 2.11 20.12 1.02
3 3.08 30.03 1.53
4 4.03 40.08 2.06
5 5.12 50.15 2.56
6 6.01 60.04 3.02
7 7.05 70.13 3.57
8 8.02 . 80.07 4.04
9 9.03 90.14 4.51
10 10.13 100.00 5.01
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% mslalandr | N . 2 % ANUHAANDIA
arumudsumla | dunudfuaa (HAYY
(mV) (mV)
0 5.000 4.954 0.046 0.920
1 4.950 4.954 0.004 0.081
2 4.900 4.953 0.053 1.082
3 4.850 4.952 0.102 2.103
4 4.800 4.805 0.005 0.104
5 4.750 4.703 0.047 0.989
6 4.700 4.647 0.053 1.128
7 4.650 4.613 0.037 0.796
8 4.600 4.546 0.054 1.174
9 4.550 4.494 0.056 1.231
10 4.500 4.452 0.048 1.067
11 4.450 4.391 0.059 1.326
12 4.400 4,354 0.046 1.045
13 4350 4.296 0.054 1.241
14 4.300 4.246 0.054 1.256
15 4.250 4.205 0.045 1.059
16 4.200 4.143 0.057 1.357
17 4.150 4.107 0.043 1.036
18 4.100 4.042 0.058 1.415
19 4.050 3.991 0.059 1.457
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M 43 msrlSsuifisuramsnaaoafunantmged (90)

MNNNGYY A191NM3 I3
— HIIAUTINAT (USIAUTINAD AnwAanaIan -
% midatdands | o L, o 2 % ANVHANDIA
Mmumudsuamld | Sdumudsomla Ay
(mV) (mV)
20 4.000 3.942 0.058 1.450
21 3.950 3.891 0.059 1.494
22 3.900 3.841 0.059 1.513
23 3.850 3.804 0.046 1.195
24 3.800 3.756 0.044 1.158
25 3.750 3.693 0.057 1.520
26 3.700 3.643 0.057 1.541
27 3.650 3.595 0.055 1.507
28 3.600 3.557 0.043 1.194
29 3.550 3.502 0.048 1.352
30 3.500 3.450 0.050 1.429
31 3.450 3.403 0.047 1.362
32 3.400 3.342 0.058 1.706
33 3.350 3.292 0.058 1.731
34 3.300 3.241 0.059 1.788
35 3.250 3.202 0.048 1.477
36 3.200 3.144 0.056 1.750
37 3.150 3.093 0.057 1.810
38 3.100 3.043 0.057 1.839
39 3.050 2.994 0.056 1.836
40 3.000 2.952 0.048 1.600
41 2.950 2901 - 0.049 1.661
42 2.900 2.847 0.053 1.828
43 2.850 2.808 0.042 1.474




40

- mnd 43 mynfSsuifivusamsnaasssuranangud (As)

ANNINGBY AMAINN5INDTS
o UIIAUIING? USIAUDINAT mANuAANIIAT -
% msdaandy | T s iu 2 % ANUAANAIA
aumudsuamla | dunmudsuala nAYY
(mV) (mV)
44 2.800 2.753 0.047 1.679
45 2.750 2.692 0.058 2.110
46 2.700 2.646 0.054 2.000
47 2.650 2.582 0.068 2.566
48 2.600 2.555 0.045 1.731
49 2.550 2.501 0.049 1.922
50 2.500 2.454 0.046 1.840
51 2.450 2.402 0.048 1.959
52 2.400 2353 0.047 1.958
53 2.350 2301 0.049 2.085
54 2.300 2.265 0.035 1.522
55 2.250 2.207 0.043 1.911
56 2.200 2.152 0.048 2.182
57 2.150 2.101 0.049 2.279
58 2.100 2.060 0.040 1.905
59 2.050 2.010 0.040 1.951
60 2.000 1.961 0.039 1.950
61 1.950 1.913 0.037 1.897
62 1.900 1.864 0.036 1.895
63 1.850 1.802 0.048 2.595
64 1.800 1765 0.035 1.944
65 1.750 1.703 0.047 2.686
66 1.700 1.656 0.044 2.588
67 1.650 1.602 0.048 2.909
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M3 43 mynnfieuiisusanisnaaosiuHaN KNy (AB)

AMNNYYY MM TN
. H39AUDINAD (139AUDINAT maRanaIad -
% midlatlanar | S L. . 2 % ANUAANAIN
Aumudiomla | Sumunlsuald nay
(mV) (mV)

68 1.600 1.567 0.033 2.063
69 1.550 1.522 0.028 1.806
70 1.500 1.464 0.036 2.400
71 1.450 1.413 0.037 2.552
72 1.400 1.362 0.038 2714
73 1.350 1311 0.039 2.889
74 1.300 1.268 0.032 2.462
75 1.250 1.205 0.045 3.600
76 1.200 1.152 0.048 4.000
77 1.150 1.104 0.046 4.000
78 1.100 1.063 0.037 3.364
79 1.050 1.024 0.026 2.476
80 1.000 0.962 0.038 3.800
81 0.950 0911 0.039 4.105
82 0.900 0.866 0.034 3.778
83 0.850 0.827 0.023 2.706
84 0.800 0.762 0.038 4.750
85 0.750 0.721 0.029 3.867
86 0.700 0.666 0.034 4.857
87 0.650 0.616 0.034 5.231
88 0.600 0.561 0.039 6.500
89 0.550 0.524 0.026 4.727
90 0.500 0.483 0.017 3.400
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MINN 43 M ufTouinsuramsnaassfumanIngef (Ao)

MNINUG M9InM3 I3
, UIIAUNINAD HIIAUDINAD MARawa1an
% miladanal | N e oy - 2 % ANUAANAIA
aumudsuald | AumudSunla ALY
(mV) (mV)
91 0.450 0.435 0.015 3.333
92 0.400 0.383 0.017 4.250
93 0.350 0.316 0.034 9.714
94 0.300 0.278 0.028 9.333
95 0.250 0.217 0.033 13.200
96 0.200 0.163 0.037 18.500
97 0.150 0.132 0.018 12.000
98 0.100 0.081 0.019 19.000
99 0.050 0.047 0.003 6.000
100 0.000 0.000 0.000 0.000
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/* code main control */

1* A/D */

#include <16F877.h>

#define TxD PIN_C6

#define RxD PIN_C7

#device ADC=10 // set ADC 10 BIT. //
#fuses HS,NOLVP NOWDT NOPROTECT
#use delay (clock=20000000)

#use 15232(baud=9600,xmit=TxD,rcv=RxD)

#define use_portb_lcd // Set port LCD port b. //

#include <LCD.c> // open file LCD control. //

#include "math.h"
#use fast_io(A)
#define Vbe = 0.0048875855327468230694037145650049

char data_code[11] = { 0x30,0x31,0x32,0x33,0x34,
0x35,0x36,0x37,0x38,0x39,0xFE}; // -- ascii code num "0-9" --//

void main(void)

{
unsigned char num[4]; // value user input. //
unsigned char position; // position num. //
unsigned char aa,bb,cc;
unsigned char start_servo=0; // value set mode . //

unsigned char valve=0; // value set valve is on/off. //
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intl6 value;

float volt;

float sum;

unsigned char control;

unsigned char select_valve;

setup_port_a(ALL_ANALOG);

setup_adc(ADC_CLOCK_INTERNAL);

set_tris_d(0b11110000); // set port d output_port PIN DO - D3 and input_port PIN D4 -
D7.//

led_init(); delay ms(100); // Inition LCD. //

led_command(0x80); /1 set write LCD upper 8 char. //

led_pute("Control”); // function printf LCD. //

led_command(0xCO0); // set write LCD lowwer 8 char. //

1

led_putc("Value."); delay ms(2000); // function printf LCD. //

led _command(0x01); // clear screan LCD. //
loop while TRUE. /"
while(TRUE)
{
I ===mmm- programs set on valve on or valve, ----------- 1

if(start_servo==0)

{
led_command(0x01); // clear screan LCD. //
led _command(0x80); // set write LCD upper 8 char. //
led_putc("valve ="); // function printf LCD. //

while(start_servo==0)

{
lcd_command(0xCO0); // set write LCD lowwer 8 char. //

iflvalve==0)
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{lcd_putc("ON"); } // function printf LCD. //
else { lcd putc("OFF");}  // function printf LCD. //
i scan COL 3 I

output_d(0x08);
if((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(input(pin_d7)))
{
ifinput(pin_d4)) { valve++; if(valve==2) valve=0; } //ROW_0
ifinput(pin_d5)) { valve--; if{valve==255) valve=1; } //ROW_1
if(input(pin_d6)) { } //ROW_2}
if(input(pin_d7))
{
start_servo=1;
led_command(0x01); delay_ms(100); // clear screan. //
} // ROW 3
while((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(input(pin_d7))) {delay us(100);}

/" END SCAN COL 3 /!

}
i

/ programs set input. 1
if(start_servo==1)
{
position=0; aa=10;bb=10;cc=10;
led_command(0x80); /I set write LCD upper 8 char. //
iflvalve==0)

{ lcd_putc("valve on™); } // function printf LCD. //

else

{
led_pute("valve of™); // function printf LCD. //
lcd_command(0xC0); // set write LCD lowwer 8 char. //

Lcd pute("f); // function printf LCD. //
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}
while(start_servo==1)
{
if(position==0) {aa=10;bb=10;cc=10;}
if(position==1) {if(num[0]==0) {position=0;} else {aa=10;bb=10;cc=num[0];}}
if{position==2) {aa=10;bb=num{0];cc=num(1];}
if{position==3) {if{(num[0]==1)&&(num[1]==0)&&(num[2]==0)) {aa=1;bb=0;cc=0;} else
position=0;}
if(position==4) {aa=10;bb=10;cc=10; position=0;}
lcd_gotoxy(2,3);
led_putc("=");
lcd_putc(data_code[aa));
lcd_putc(data_code[bb]);
led_putc(data_code[cc]);
led putc(" %");
/ scan COL 0. /!

output_d(0x01);
if{(input(pin_d4))||(input(pin_d5))||(input(pin_d6))|(input(pin_d7)))

{
if(input(pin_d4)) { num[position] = 1; position++; } //ROW _0
if(input(pin_d5)) { num[position] = 4; position++; } //ROW_1
if{input(pin_d6)) { num[position] = 7; position++; } /I ROW 2

if(input(pin_d7)) { num[0] = 10; num[1] = 10; position=0; } //ROW _3

while((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(input(pin_d7))) {delay us(100);}

1
I END SCAN COL 0 /I
/I scan COL_1 /I

output_d(0x02);
if((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(input(pin_d7)))
{

ifinput(pin_d4)) { num[position] = 2; position++; } // ROW_0
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if(input(pin_d5)) { num[position] = 5; position++; } // ROW_1
if(input(pin_d6)) { num[position] = 8; position++; } // ROW_2
if(input(pin_d7)) { num[position] = 0; position++; } // ROW_3
while((input(pin_d4))||(input(pin_d5))j||(input(pin_d6))|/(input(pin_d7))) {delay_us(100);}

}
/ END SCAN COL 1 1
// scan COL_2 1

output_d(0x04);
if{(input(pin_d4))||(input(pin_d5))}|(input(pin_d6))||(input(pin_d7)))
{
if{input(pin_d4)) { num[position] = 3; position++; } //ROW_0
if(input(pin_d5)) { num[position] = 6; position++; } //ROW_1
if(input(pin_d6)) { num[position] = 9; position++; } //ROW_2
if(input(pin_d7))
{
start_servo=0;
lcd_command(0x01); delay ms(100);  // clear screan. //
} //ROW 3

while((input(pin_d4))|[(input(pin_d5))||(input(pin_dé))i|(input(pin_d7))) {delay_us(100);}

}
/f END SCAN COL 2 //
1/ scan COL 3 /!

output_d(0x08);
if{(input(pin_d4))||(input(pin_d5))||(input(pin_de6))||(input(pin_d7)))
{

if(input(pin_d4)) { } /ROW_0

if(input(pin_d5)) { } /ROW_1

if(input(pin_d6)) { } / ROW_2}

if(input(pir_d7))

{

iflposition==1) {select_valve = num[0};}



ifiposition==2) {select_valve = ((num[0])*10)+num[1};}
if{position==3) {select_valve = ((num[0])*100)+((num[1])*10)+num([2};}
start_servo=2;
} //ROW 3
while((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(input(pin_d7))) {delay_us(100);}
}
/I END SCAN COL 3 1

I i i

}
T T T L T L L T

/ programs start servo.
if(start_servo==2)
{
lcd_command(0x01); delay ms(100);  // clear screan. //
set_adc_channel(0);

aa=0; bb =0; cc =0;

lcd_command(0x80); // set write LCD upper 8 char. //
if{valve==0)
{
led_pute("valve on"); // function printf LCD. //
putc('A"); delay_ms(5); // open valve. //
}
else
{
led_pute("valve of™); // function printf LCD. //
led_command(0xC0); // set write LCD lowwer 8 char. //
Lecd pute("f); // function printf LCD. /
putc('B"); delay ms(5); // close valve. // -
}

value = Read_ADC();

volt = 0.0048875855327468230694037145650049 * (float) value ;

1
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sum = volt*19.71;
if (valve==0)
{
control = (unsigned char)sum;

if(control >= select_valve) /I stop servo motor. //
{

putc('e’); start_servo=0;

else

control = 102 - (unsigned char) sum;

if(control >= select_valve) // stop servo motor. //
{

putc(’e"); start_servo=0;

}
while(start_servo==2)
{
value = Read ADC();

volt = 0.0048875855327468230694037145650049 * (float) value ;

sum = volt*19.71;
if (valve==0)
{
control = (unsigned char)sum+2;
if(control >= select_valve) // stop servo motor. //
{
putc('e”); start_servo=0,
}
}

else
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control = 102 - (unsigned char) sum;
if{control >= select_valve) // stop servo motor. //

{

putc('e); start_servo=0;

}

aa = control/100;

bb = (control%100)/10;

cc = (control%100)%10;
ifl(aa==0)& & (bb==0)& &(cc==0)) {aa=10;bb=10;cc=10;}
if{(aa==0)& & (bb==0)) {aa=10;bb=10;}
if (aa==0) {aa=10;}

lcd_gotoxy(2,3);

Ied _pute("=");
Ied_putc(data_code[aa]);
lcd_putc(data_code[bb));
Ied_putc(data_code[cc]);

led_putce(” %");

3

3
W T T T T T T

}

/" END LOOP TRUE 1
}
1 END MAIN PROGRAMS //
#include <16F877.h>

#define TxD PIN_C6

#define RxD PIN_C7

#fuses HS,NOLVP,NOWDT,NOPROTECT
#use delay (clock=20000000)
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#use rs232(baud=9600,xmit=TxD,rcv=RxD)

#use fast_io(A)

#define SERVO PIN_CO  // control serv. //

I =mmmmmmmemm e Function Control Servo motor /1

// function pulse close value. //

void Servo_open(void)

{output_high(SERVO); delay_ms(1.7); output_low(SERVO); delay_ms(20);} // ** //
// function pulse open value. //

void Servo_close(void)

{output_high(SERVOQ); delay ms(1.2); output_low(SERVO); delay_ms(20);}

// function pulse stop value. //

void Servo_stop(void)

{output_low(SERVO); delay_ms(20);}

/] =~mmmmmmme e Function Control Servo motor I

void open_valve()

Servo_open();

Servo_stop();

void close_valve()

{
Servo_close();

Servo_stop();

void stop_valve()



Servo_stop();
Servo_stop();

}
i

1] ==mmmmmeen function serial intrrupt ------------------ I
char valve; // value control servo motor. //
#int_rda

void rs232_isr()
{

valve = getc();

}
W T

void main(void)

{
unsigned char mode = 0;
// mode 0 = stop servo. //
// mode 1 = open valve. //

// mode 2 = close valve. //

enable_interrupts(GLOBAL);
enable_interrupts(INT_RDA);

set_tris_c(0b11111110); // set pin CO output servo. //

/ loop while TRUE.

while(TRUE)
{

/"
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7 — mode open valve
iflmode==1)
{
while(mode==1)

{

open_valve();

// ---- if recv from control == e stop servo.

if(valve=="¢"){mode = 0;}

"

i

/R — mode close valve
iflmode==2)
{
while(mode==2)
{

close_valve();

// --=- if recv from control == e stop servo.

if(valve=="¢") {mode = 0;}

1

/"
I

i

Vi

I

iflmode==0)

while(mode==0)
{

stop_valve();

// ---- if recv from control == A open valve,.

if(valve=="A"){mode = 1;}

1
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/I --~= if recv from control == B close valve. --—-- I

iflvalve=="B"){mode = 2;}

1 i

I END LOOP TRUE "

/I END MAIN PROGRAMS

1
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MicrOCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices included in this Data Sheet:

« PICI6FB73 » PIC16F876
- PIC16F874 » PICI6F877

Microcontroller Core Features:

High performance RISC CPU

Only 35 single word instructions o leam

Adl single cycle instructons except for program
branches which are two cycie

Operating speed: DC - 20 MHz ciock input
DC - 200 ns nstruction cycie

Up to 8K x {4 words of FLASH Program Memary,
Up 1o 358 x 8 bytes of Data Memaory (RAM)

Up to 256 x 8 bytes of EEPROM Data Memory
Pinout compatible to the PIC16CT3B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep haraware stack

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

Power-up Timer (PWRT) and

Osciltator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-crup RC
osciliator for refiable operation

Programmable code protection

Power saving SLEEP mode

Selectable oscilator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fuity static design

In-Circust Serial Programming™ (JCSP) via two
pins

Single 5V In-Circuit Serial Programming capability
in-Circuit Debugging via two pins

Processor read/write access to program memeory
Wide operating voltage range. 2.0Y1t0 5.5V
Hegh Sink’Source Current” 25 mA

Commercial, Industnal and Extended temperature
ranges

Low-power consumpbon

- < 0.6 mA typical @ 3V, 4 MHz

- 20 uA typical @ 3V, 32kHz

- < 1 uA typical standby current

.

.

Pin Diagram
PDIP
TR —e1 N7 1 []~— =E7=30
RAZAND w—e [ 2 37 [] == RELREC
Ratant =—e[13 38 [ == RES
RRDANDNREE o [] 4 27 ] e—e AE4
KAANTYRERe e (] 5 3% [] »—w REIZIM
P4TIC =[] 8 15[ e—e 382
SA5AMTS =[] 7 <+ ¥R
SEITC AN =[] 8 ~  13[]e— 3BIN"
RETTWRANE »—[] g Q) e— Ve
RUTIMT we Q12 b 7 [Je——ve
vt O @ e 3o7poeT
i3 —— [ 12 B Z[]e—e IpEPSSE
SECHOLKIN — [ 13 5 28 [} == 3DIPSIE
O e[ = T[] e—e F0sPE0
FIETISIOT CnAl ee[] 18 a 24 [ -w—e ICTRXD™
PLITIOENCCPE e—a ] 18 28 [] e—e SCETACK
RCATCP1 w—a[1 17 24 [] »—e RCLSRO
PCUSCLAECL =[] 15 13 [] +—w RCASLISDA
R20.55P0 «—e[] 12 12 [] == RO2PS2
PDVFEPT w—e[] 20 7 [ e—e 302P572

Peripheral Features:

»

TimerD: 8-bit imerfcounter with 8-bit prescaier
Timer1: 16-bit timer;counter with prescaler,

can be incremented during SLEEP via external
crystal/clock

Timer2. 8-bit tmer/counter with 8-bit period
register, prescaier and postscaler

Two Capture, Compare, PWM modules

- Caplure is 18-Dit, max. resolution is 12.5ns

- Compare s 16-bit, max. resolution is 200 ns

- PWIM max. resolution is 10-bit

10-5it mult-channel Anatog-to-Digitat converter
Svnehronous Serfal Port (SSP) with SPI™ {Master
mode) and 1°C"™ (Master/Slave)

Universas Synchronous Asynchronous Recewver
Transmitter (USART/SCI) with 9-bit address
detection

Para'iel Slave Port (PSP} 8-bits wide, with
extemal RD, WR and CS controls (40;44-pin oniy)
Brovm-out detection circutry for -
Brown-out Reset (BOR)

.

.

£ 2001 2 crochip Technology inc.
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operatng Frequency OC - 20 MHz DC-20MHz DC - 20 MHz DC-20 MHz
RESETS (and Delays} PCR, BOR POR. BOR POR, BCR POR, BOR
{PWRT OST) (PWRT, OST) {PWRT. OST) (PWRT, OST?
FLASH Pregram Memol
(14-bi?words) v 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
interrupts 13 14 13 11
1’0 Ponts Porls AB,C Ports AB.C.D.E Poris ABC Poris AB.CD.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Senal Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP USART
Paraliel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channeis | 8 input channels | 5 input channels | 8 input channels

instruction Set

35 instructions

35 instructions

35 mstructions

35 mstructions

. _____________________________________________________________________________________]
20C1 ¥icrochip Technology Inc

2
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PIC16F87X

FIGURE 1-2:

PIC16F874 AND PIC16F877 BLOCK DIAGRAM

60

. Program Data
Device FLASH Data Memory EEPROM
PICtE5FE74 4K 192 By.es 128 By'es
PIC1Er8T7 8K 365 By'es 256 By'es
'3 DamBus 8 PGRTA
FLASH : I A RADIANE
- ar H AN
;‘rgng:grr;w J l‘ e e RAZMNI REF-
2 Leve) Stack Fre TR RN nare
113-bit Regsters : xsmleﬁig
Program . -
Bus RaM add! b 3 PCRTS RBaENT
Instructon reg @% :r—o gg;
Direct addr 7 | ; 4[] RB3POM
= 3+ RB4
+._. R35
RB5PGC
s rf;l STATUS reg |5 R37PGE
71 I PORTC
) N N 4 ICTTIOSUTICK!
; MUX 7 +—[<] RCUTIOSKCCP2
I Rl =N I 1K eaccer
L x RCXSCHISCL
Insructicn — Oscil ator < N " ] RCASOUSDA
Dﬁgﬁ:de & '—. | Sort-up Tincer \\ ALU oy i;DC
Contra it
S%Z%tm 3 J I ] RCETXICK
- _ -c:;’ it —{X] SCTRXD™
s Wt g N
&= Genetangon = Tmer Wreg PORTD
CSCUCLKIN Brown-oJt L RDLPSPO
OSCCLRCUT Reset H ROUPSP1
In-Circuit Ny ROZPSP2
Debugger L }« RDWPSPI
-Volage » RD&'PSP-?
Programming Paral el Siave Portf 7 ) e
o =
s ROTPSPT
PORTE
WCIR op. vie | [x] REWsNSRD
== 4—[X] RE‘/aNEARR
5] REZANTTS
Timerd Tirert “amer2 12-bt AD
g 7 ¥
[ i i it
I I I I
da:a EEPROM CCRI2 SgchionoLs USART
& - Sarral Por =
tote 1: Higher croer biss are from he STATUS register.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTICN

. DIP | PLCC | QFP | YO:P Buffer I
Pin Name Pind Ping pin# | Type Type Description
OBCHUCLKN 12 14 30 | ST/CMOS! | Dscilator erystal inputiextarnat c.ock source Irput
QSCHCLKOUT 14 15 31 o] —_ Oscillator crystal output. Connects 0 crys:si or resonator
in crystal osailator mode. in RC mode. CSC2 pin outpy's
CLKO'JT which has 144 the frequency of GST1 and
denrotes the instruction cycle raze.
MCLRAV PP 1 2 18 = 13 Master Clear {Reset} nput or programrung voitage input.
This pin is an actve iow RESET to the device.
PORTA is a bi-directioral 10 port
RAT/AND 2 3 12 {50 TTL RAC tan also be anicg ihputd.
RA1T/ANT 3 4 20 tle) TTL RA1 can also be anaicg inputs.
RAZIAN2NRER- 4 5 21 [f1e] TTL RA2 can also ke anaiog input2 or negative
ana’cg reference voltags
RAVANIAREF~ 5 6 22 7o TTL RA3 can also e analog nput3 of positive
anajog reference voltage.
RA4TOCK!} g 7 23 ue ST RA4 can also ke the clock input to e TimerD timer!
counter. Oupet 1s open drain type.
RASSSIANS 7 8 24 1] TTL RAS can also be analog inpud of the stave select for
he synchroncus senal port.
PORTB is a bedirectional #O pott. PORT3 can be sef:-
ware progranmed for intemal weak sull-ug on all induts.
RBOANT 32 35 8 o) TrosTH! RBO can also be the evternal ntermupt pin
RB1 34 37 9 He) T7L
RB2 35 e 10 Eei TFL
RBAPGM ic 28 11 e} TTL RB3 ¢an also ve the low vollage programming inpu,
RB4 37 a1 14 e TTL ipraupt-ar-change pn
RBS 33 42 15 tis] TTL {reerunt-a20-change pn
RB&/PGC 39 43 15 [le] TTUSTR inzerrupt-on-change pin or in-Ciccuit Debugger gin.
Seriaj programning ciock
RB7/PGD 49 44 17 B TTUST interrunt-on-change pn or in-Circuit Cebugger gin.
Senal programming data.
Legend: 1=inout O =outpur KO = inpuvioutput P = oower
— = Not used TTL = TTL :nput ST = Schnutt Tngger input

Note 1: Ths nuffer is @ Schmit Trigger input when configured as an exemal interrupt.
2: This auffer 1s a Schmit Trgger input when used in Serial Programining mode.
3: Thes bufferis a Schmitt Trigger inpu: when configured as general ourpese 0 and a TTL input when used in the Parallel
Slave Por: mode (for interfacing 1o a micreprocessor bus)
4: This buffer is a Schmitt Trigger input when configured in RC osciliator mode and a CMOS input otheryise,

DS30282C-page £ & 2001 Microchio Technoiogy inc




PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION {CONTINUED)

. biP | PLCC | QFP | 1VO/P Buffer o
Pin Name Pintt Pint pin# | Type Type Description
PORTC s a be-cirechonal !0 port,
RCHTI0SOMICK. | 15 16 32 o 5T RCC ¢an aise ke he Timer1 asciflator cutput or a
Timert clocx input
RCUT1084CC72 16 18 35 HO ST RC1 can a'se ke the Timert osciffater input or
Capture inpurCompare2 output PYWM2 output,
RC2/CCPY 17 19 36 o] ST RC2 can aiso ke the Capture? mpu’Comparai
OLDUtPYe M1 cutput.
RC3/SCK'SCL 13 20 37 (o] ST RC2 can also be e synchroncus senal clock inpJy
ouzput for bosn SPj and I'C modes
RC4/3DIFSDA 23 25 42 1o 3T RC4 tan ajso te :ne SPi Dasa In {SPI mode) or
daza 113 {-C mode)
RCS5/23D0C 24 % 43 He] 8T RCE can also ke the SPi Data Qut (SFI mode).
RCETXCK 25 27 44 el ST RCE can also te e USART Asynchronous Transmit
or Synchronous Cleck
RCT/RXDT 26 29 1 o] ST RC7 can also ke e USART Asynchronous Recewve
of Synchronous Data.
PORTD is 5 bi-airecticnat 110 port or parallet siave pott
when interfacing to 3 microprocessar bus
RDOU/PSPD 19 21 38 Vo ST/TTL®
RD1/PSP1 20 22 39 ¥0 STTLE
RD2FSP2 21 23 40 o] STATL™
RD3FSP3 22 24 # 10 STITTLS
RD4/P524 27 30 2 1o STATUM
RD5/PS25 29 3 3 1o STTTL
ROSFSE 29 32 4 o} STTTLE
DTPERT 30 33 5 1o STTTLS!
PORTEZ 15 @ bi-direct:ional 110 port.
RED/RDIANS 8 9 5 | O | sTATLM REQ can also be read conzrol for the paraliel siave
por:, or analog inputs
RE1AVRIANG 9 10 26 1o STATLR RE1 can aiso be wrse control for the paraflal slave
por:, of anatog inputd
RE2TSIANT 10 1 27 o 5TTTLS RE2 can also be selec: control for the parallet slave
por:, of analog Input?
vis 1231 13.24 6,29 = — Ground reference for leg.c and VO pins.
VDD 1,32 1235 71,28 2 —_ Posmive supphy for logic and {/Q pins.
NC — ] 1,37,28, 11213, — These pins are not internaity connected. Thess pins
40 3334 should be left unconrecied.
Legend: 1= mnput O = output KO = inputioutput P = power
— = Not used TTL = TTL inout ST = Schmitt Triggar tnput

Note 1: This buffer is a Schmit! Tngger input when configured as a» extemnal interrupt.
2: This buffer is a Schnt! Trigger incut when used in Sena Programming niode.
3: This buffer is a Schmit; Tripger input when configured as general purpose 'O and a TTL input when used in the Faraliel
Slave Port mode (forinterfacing to a microprocesscr bus)
4: This huffer 55 a Schnutt Tngger input when configured in RC osciliator mode and a CMOS inpu! otherwise

. _________________________________________ ./
£ 2001 Microchip Technology Inc. DS30292C-page @



PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks :n each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detalled in this section. The
EEPROM data memory block is detailed in Section 4.0.

Additional information on device memory may be found
in the PiCmicro™ hid-Range Reference Manual
{DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
PC<12D>
JA
CALL, RETURN L
RETFIE, RETLW -
Sack Level 1
Stack Level 2
L
*
»
Stack Level B
RESET Vector 0004h
: <
L ]
Intemrurt */ector 0404h
000Eh
Page
07FFh
0£07h
Page 1
Cn-Chp
Brogram <. OFFFh
Memory | 170%h
Page 2
17FFh
120°h
Poge 3
« 1FFFh

21 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capabie of addressing an 8K X 14 program memory
space. The PIC16F877/876 devices have BK x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound.

The RESET vector is at 0000h and the interrupt vecter
is at 0004h.

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC120~ H
CALL, RETURN 12
RETFIE, RETLW
Stack Leve 1
Stack Leve! 2
.
.
Stack Level &
IESET Vectar 0200h
Interrupt *fector 0504k
0¢05h
Cn-Chp Page
Srogram, - 07FFh
Memory | 0200k
l Page 1
OFFFh
1200h
1FFFh

£ 20C1 Microchip Technology Inc.
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FIGURE 2-2: PIC16F877/876 REGISTER FILE MAP
File Fite File File
Address Address Address Address
indirect addr.{ | aoh indirect adar!?| gon  |Indirectaddr!? | 100n | indirect addr.?| 1g0n
TMRO o1h OPTION REG] 81n TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS a3h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA g5h 105h 185h
PCRTB ash TRISB 86h PORTB 106h TRISB 186h
PORTC a7n TRISC 87h 107n 187h
PORTDIN | O8h TRISDM | 88n 108h 188h
porTE!Y | O%h TRISEM ) agh 109h 189h
PCLATH DAN PCLATH | 8An PCLATH 10AN PCLATH 18Ah
INTCON 0Bh INTCON | 8Bn INTCON 10Bh INTCON 18Bh
PIR1 ach PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh £EADR 100h EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10&nh Reserved® | 18Eh
TMR1H OFh g8Fh EEADRH | 10Fh Reserved® [ 18Fh
TICON 10h S0h 1100 190h
TMR2 11h SSPCON2 | @1n 1118 191h
T2CON 12h PR2 52h 112h 192h
SSPBUF 13h SSPADD | 93h 113h 193h
SSPCON 14h SSPSTAT | 94h 113h 194h
CCPRIL 15h g5h 115h 185h
CCPRIH | 16h g6h 116h 196h
CCPICON | 17h 57h General 117h genera! 197h
RCSTA | 18h TXSTA | 98h Eg;?gg 118h Reqister | 198N
TXREG 19h SPBRG 90h 16 Bytes 115h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh $Bh 11Bh 198h
CCPRZH | iCh 5Gh 11Ch 19Ch
CCP2CON | {Dh oDh 11Dh 18Dh
ADRESH | 1Eh ADRESL 3EN 11ER 19Eh
ADCONO | 1Fh ADCONI 9Fh 11Fh 19Fh
20h ADh 120h 1A0h
Generat General General General
Purpese Purpose Pumpose Purpose
Register Register Register Register
96 Bytes 80 Bytes EFh 80 Bytes 16Fh 80 Bytes 1EFn
accesses Fon accesses 170h accesses 1Fh
70n-7Fh 70n-7FN 70h-7Fn
7Fn FFn 17Fn 1FFh
Bank O Bank 1 Bank 2 Bank 3
{7 unimplemented data memory focations, read as 0.
* Not a physical register,
Note 1. These registers are not implemented on the PIC15FB76.
2:-These registers are reserved, maintain these registers clear.

€ 2601 Microchip Technology Inc. D53C292C-vage 13
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8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWH output. Since the
CCP1 pin is muitiplexed with the PORTC data latch,
the TRISC«2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWHM output [atch to the defauit
jow level. This is not the PORTC 1/O data

latch.

Figure 8-3 shows a simpliied biock diagram of the
CCP moduie in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section §.3.3.
FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Outy Cyce Regiters -~ CCPICONSS.4>

| ccpr i |

o
P:CPR1H(S‘:we)E J
J0 RC2CCPY
r Comparator } R o) S
T
r T™RY l(Note 1)|
{5
Comparator TRISCe2>
C ear Trer,
4N CCP1 pin and

| ]

Mote 1: The 8-kt timer 15 concaienated wth 2-bit internal Q
cock, or 2 bits of the prescaler, to create 1001 fme-
base.

A PWM output (Figure 8-4) has a time-base {period)
and a time that the output stays high {duty cycle}. The
frequency of the PWM is the inverse of the pencd
(1speriod).

FIGURE 8-4: PWM OUTPUT

' Penocd '
A (R S

)
(——————n)
Duty Cycle

1

:
'\ TMR2=FR2
1

TMR2 = Duty Cycle

TVR2 = FR2

8.3.1 PWNM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister The PWM period can be calculated using the fol-
lowing fermuia:
PWM peried = [(PRY) + 1]~ 4+ Tos¢ *
{TMR2 prescale value)
PWM frequency is defined as 1/ [PYWM period].

when TMR2 is equat to PR2, the following three events
oceur on the next increment cycle:
+ TMR2 is cleared
« The CCP1 pin 15 set (exception: f PWM duty
cycle =Q%, the CCP 1 pin wii not be set)
« The PWM duty cycle is fatched from CCPRI1L inta
CCPR1H

Note: The Timer2 postscaler (see Section 7.1} is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo updale rate at a different
frequency than the PWM output.

832 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L register and to the CCP1CCON<5:4> bits. Up
to 10-bit resclution is available. The CCPRIL contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-btt value s represented by
CCPRIL.CCP1CON<5:4>. The foliowing equation is
used to calcuiate the PWM duty cycle in time:

PWM dury cyele ={CCPRIL:CCPICON- 5:4:)

Tosc « {TMR2 prescale value)

CCPR 1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
oceurs (1.e., the penod 1s complete). in PWM mode.
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to doubie buffer the PWM duty cycle. This double
buffering is essential for ghtch-free P\WM operation.

When the CCPR1H and 2-bit iatch match TMR2, con-
catenated with an internal 2-bit Q ciock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWHM resolution (bits) for a given PWM
frequency is given by the formula:

Fosc
oe¥r:)
Resoluion = ——————— it

leg(2)

Nate:  If the PYWM duty cycle value is longer than
the PWM period, the CCP1 pin wiil not be

cleared.

& 2001 Microchip Technology Inc.
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833 SETUP FOR PWIM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Setthe PWH penicd by wrting to the PR2

register.

2. Set the PWM duty cycle by wnting to the
CCPRIL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by ciearing the
TRISC<2> bit.
4. Setthe TMR?2 prescale value and enable Timer2
by writing tc T2CON.

[4}

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz

Configure the CCP1 module for PV operation.

PWM Frequency 1.22kHz | 4.88 kHz | 13.53kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16} 16 4 1 1 1 1
PR2 value OxFFh OxFFh 0xFFh 0x3aFh Ox{Fh 0x17h
Maximum Resclution (bits) 10 10 10 3 7 5.5

TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

Value on: | Value on
Address | Name Bit7 | Bité | Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 POR, all other
BOR RESETS

CBhaBh.  |INTCON GIE FEIE TCiE INTE RBIE TOIF INTF RBIF |woco opox|0000 coou
138h, 12Bh

tch PIR1 psPIFY | ADIF | RCIF TXF SSPIF | CCPYIF | TMR2IF | T¥RYIF |ooos oocn|o0so ceoa
con PIR2 - —_ - - - - — | cePaE faman -a- ¢|---- -~-2
ach PIE PgpisiY| ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE |ooco oc0n]| 9090 0000
abh PIE2 — —_ - — — — — | CCPUAE |---- --- Y 0
a7h TRISC PORTC Data Direction Register 1111 1111|1111 1111
CEh TMRIL Holding Regsster for the Least Signficant Byte of the 15-h~ TMR1 Register KEAA 3000 uuau uuun
CFh TMR1H Holding Register for the Most Significant Byte of the 1€-hit TMR1 Register HOEX XXX | UUUU Uuun
108 TICON - | - IT?CK?S1|T1CKPSDIT1OSCEN TISYNC [ TMR1CS| TMRION|--00 0000|--ua uuuu
15h CCPRIL |Capwre/Compare/PA'M Register1 (LSB1 KOO KHKKK| UUUT UL
160 CCPRIK |Capure/Compare/PWM Regis:ar! (MSB: X¥HK XXXA|UUUL Uuuu
17h ccPtcoN| — | — | CCPIX | CCPIY |ccpmfs ccpwz]ccmmlccpmo --00 OCOC|--00 0DOO
1Bh CCPR2L  {Capwre/Compare/P'M Register2 (LSE} HARX KXXF|uuuu uuuua
1Ch CCPR2E | Capwre/Compare!P'WM Regisier2 iMSB: K¥AY XXX | UUUU Yuuu
1Dh CCP2CON| — | — | CCP2X | CCP2Y | CCP2M3 [CCP2M2] CC2M1| CCPIMO |- -00 ocse|--00 0000

Legend x = unknown, u= urcnanged. - = unimplemented, read as ‘0’ Shaded cells are not used by Capure anc Timert
Note 1: The PSP is notimplemented on the PIC1EF873/875; aiways mantain these bits clear

I ———
DS30252C-page 82

2 2001 Microchip Technoiogy Inc.

66



PIC16F87X

TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on: | Value on
Address Name Bit7 Bit & BitS Bit 4 Bit3 Bit2 Bit1 Bit 0 POR, aii other
BOR RESETS

0Bh.2Bh. [{NTCON GI2 PEIZ TCIE INTE RBIE TOIF INTF RBIF |ooct coox|coo0 ¢Gou
10Bh, 13Bh

JCh PiR1 P3| ADIF RCIF TXF SSPIF | CCPHF | TMR2IF | TMRYIF 0400 0000|0600 0600
0Ch FiR2 - -_ _ —_ —_ — - CCP2F |-==- --=0Of=~-- -== [+
8Ch FiEY PSPIEM|  ADIE RCIE TXIE SSPIE | CCPHIE | TMRZIE | TMR1IE [coct 0906|0000 0OGC
80h PIE2 - — — — — — —  [cce2E [--=- ——-p[---- --- o
g7h TRISC PORTYC Data Direcuon Regester 1111 11311(1111 1111
11h T™R2 Timer2 Module's Register ¢00G 0000|0000 0000
92h PR2 Timer2 Module's Period Register 1111 11111113 1111
32h T2CON —  [Toutps3[Toutesz] Touts | TouTPse| 7RzON | T2CKFS1 [T20KPS0 - 000 00ce]-000 000
15h CCPRI1L |Capture/Compare/P'A™ Registert (LSB} ¥k o | uuun uuuu
16h CCPR1H {CapturesCompare/FWM Registert (MSB) FXHA AL uuuu uuuu
17h ccPicon] — | — | ccpPix | ccery [copima [ cceim2 [ ccPimMi [cePIMO |- -o0 cace|-~co ocoo
18h CCPRZL |Capwure/Compane/>N'] Register2 (LSB: XX X300  uuuu uuuu
1Ch CCPRZH | Capture/ComparFNVV Register2 (MSB) XX KI0OL Uuuu uuuu
1Bh ccrcon] — | — | cceax | ceeay [ ccPams [ ccram2 [ ccPzMi [CCP2MO - oo coco0l--ce eoeo

Legend: x = unknown, u=unchanged, - = unimplemented, read as '¢". Shaded cells are not used by 'AM and Timer2
Note 1: Beis PSPIE and 2SPIF are reserved on the PIC15F373/376; always maintain these bis clear.

b .. ______________________________________________]
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