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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

is performed for control the servo motor.
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a1l Ing sar31eRads 14 bits Trisiuu Lilsunsuaseaea (OTP, < | One  Time
Programmable) (a1t Way (Flash Memory)

. y ! a1 J
ao11aons TNLDY 16-Bit Core (High-End) unguaasluinsnouTnsameiiieglungu

@ & Ja o 9/ 3 A ' ° o

seaugads laimswan Inssadwaniilaens su e luisowesnisn 2w A2mis7
uaz nuaNlA Y A Aivilondravnquiaivinug Tnsinaviseaniusi Tusunsy

og U (Page) Woaiy vali luiillamuSetsesnovpaniton s

n:’ 9 o/ 1 o3 t o . Y sl o 3
HanInULAY PIC gt UEanul seianveaniau8NAIY Tavazlimsdmumiu 3

521nm A

1.

C U PICI6CXXX fo Hinssaditmiwamiduilu EPROM Sasgludmanginsel
OTP uamsaa ladsuas Uv

' A A b ] o o3 o ' o L4
CR U PICI6CRXXX fig §ilaseafranmasanuindu RoM daegludmangilnsel
otp liemnsoavla
F 19U PICI6FXXX Ao 1 Inseardraniisanusudu FLASH Memory 13150711015

v £
Tusunsy av udr Tsunsus ldvatenss



2.3.1 useaulumsmam
FIUTIRUMTINNUVOI PIC  TaslnAniasgIundineedsznig 4.5-6.0 v uassiluiuuesn
3 ' o o' é
pontuunIFrnsoiau ldludiusedui sz 2.5-6 v 1dgseziimssey Tdalinsw Taglinns

s L T luwesvesgunsel 1wy PICI6LEXXX udu

2.3.2 dyeanniwm

o o [ o <& T o a’:
Pic v lddayanuuiinlasueailudouaizues 9500 (eycle) Faszyo11391 1 drdaivez

tE4
~

k% ¥ :;l v o T A 9
dsznovldie 1-2 29500 Trsudaziesouiiuszutaiu 4 dau Ao Q1, Q2, Q3 LAz Q4 AUl

< v o ' 4 o =
a3 TAr521984 PIC 9y AN udueedaay annmwniniin e 4

XTAL
I'eycle= Q+Q,+Q:+Q, = T

PDIP
TR D =[] 1 A/ go[pee—e mEipcD
RAKAHD a—u[] 2 35 []-we—ae RELPCC
RATAH! st—e T 3 35 [Joa—we RRS
RAZANZVFLE - e[} 4 AF [ st BRI
RAJANIWER ¢ eamem=[] 7 2, [ s RBAPGHM
RANTOCK mtmemme ] & [ se=—an B2
RAGANATE a—emD) 7 PRI 3 o bl
REOTIRAHS a—m-] 2 B3 ] e RHOINT
REVTIDANG =] 5 L e—v
REZTEANT e D] 10 o 31 [ s
VO Dt T 41 B2 W Qee—em ripset
VS mmmnge [ 17 @ 23] RIVPSFE
OSCUCLKIN e Tf 13 5 28 [ v RUAIEPL
QSC2CLAN a——[] 14 o 27 [ -=—= RIAPERY
RCVTIOS TICK! a—w ] 15 2% [—w RCERXDT
RCNTICS IGCPY camme-] 16 2%, [ ROG TR K
REZCEM, pwme-] 17 94 []=ammt= RESEDO
ROFSCK 0L ewmen Y 18 23 [ mtn RCASDLSDA
ROGPSPY a—p[] 19 22 [] et RDRPEP
RIAPSP w—eC 20 21— B2 P82

U 2.7 M33avves PIC16F877

233 anaNiAvod PIC16F877

*

1. c’?;ﬁmi‘luunu RISC (Reduce Instruction-Set) Hda i 14 35 A

o u &
2. ANONTU

a9 19aheu 1842 Cycle

3. au'ldqegail 20MHz (PIC16F877-20/P)

4, ¥V Pipe-line (3] 2 110) v 1i a1 mamitaina 2 enandouain'ld
5. miwanui 1Usunsauiluuuy Flash Huuia 8KWord (1 word=14 1)

6. 1 RAM 4119 368 lud



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23,

. 31 EEPROM 4414 256 Tué
Y o

E4
Jo

. ARUAUBINUB UMD WAL 14 unas

. % stack 119 14geqn 8 53AU

#5211 POR (Power On Reset), PWRT (Power Up Timer), OST (Oscillator Start-up timer)
{1511 WDT (Watchdog timer)

52UUCP (Code Protection) tazauisadonszaumstoaiu’la

. g}

U Inuatlsendaiu

dyanannimiinawInualfidonl#au Ao 019914 XTAL w50 2995 RC AlA
annsaldsunsudael +svpe 1@

#1150 150N UIVY In-Circuit Serial Programming

ynand Iides 2vpefa s.svpe

Current Sink 1481 Current Source E)Ejﬁ 25mA

1 Timer/Counter 3-917

mn@a Capture/Compare/PWM on 2 %A

1l A-TO-D Converter 11j1 10 Ta $1111 8 o011 Tudaies

fis2uY USART #ivsumsdeasuynoyny

=) o dy 4‘ Y s - =
Uszunnseszanlifes BODEN (Brown-out reset) tNo a3 1dayayai5 eyad iy BOR (Brown-

Out Reset)

24,

] g :,' 4
U /O NOIANINUA S NDTH
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23.4 Inssaramaiaiumeluves PIC16F877

13 DataBas O PORTA
o v
<s] Program CountarJ<i=== N 7 3 RANAKD
FLASH T I 1 RAANI
Program [ ||| RAZIAN2NRER-
Mamory s R;li;ﬁ — 4[] RA2ANIAIges
Leved Suack ] RASITECKI
by Registars ) RAB/ANSS
B RAM Adaf® 9 ¢ FORYE —
[ inssuction rep Adds MUX RB1
. z RE2
T orecaser 7 [ ' mees (]| H RBIPGM
: 1 B4
FSRreq o= 4 RBS
A RBAPBC
. —i-[ STATUS req }ris 4 RE7PGD
PORTC
rs L !
7 kY y 5 RCHTIGEOMTICK
Peuetup _NUux 4 RC#TI0SICCP2
Tomar W 4 RCHCCP
pR—— Oveistor : L RCISCKSCL
pevueil | | Starteap Tomer =5 1 RCASDYSDA
Contro) ALY ’ RCESD0
Powar-on
Reset I ) ResTHC
T Wi RCTRXD
R o, ksl [ e || | [T
OSCICLIN B £ 2
0SC2CLKOUT Resal
Circult
|~ Oedugger |
Low
Programm
WCLR oo, Vss
Thoerd Temert Tmerz 1062 AD
4 i i i
4 J 7 7 2
Daa EEFROM cePiz RSy, USART

Note 1 Higher crger bils sve from the STATUS ragister.

qunz8Tassadumaiuniely pIc16r877



2.3.5 180198AY09v1 PIC16F877

ﬂ]‘iNﬁ 2.1 510a2100AV0IV1 PIC16F877

1fia
suwds ANAN2IINNT .
#amn - ﬂ:;) Svitiad swanifva
Oscillator crystal input/external clock source
OSC1/CLKIN 13 I ST/ICMOS input,
Oscillator crysta! output. Connects to crystal
or resonator in crystal osdillator mode. In RC
OSC2/CLKOUT 14 o — mode, OSC2 pin outputs CLKOUT which
has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
Master Clear (Reset) input or programming
MCLR/NVPP 1 1P ST voltage input. This pin is an active low
RESET to the device.
PORTA is a bi-directional 1/O port.
RAQ/ANC 2 Ho TTL RAO can also be analog input0.
RA1T/ANT 3 110 TTL RA1 can also be analog inputt.
RA2 can also be analog input2 or negative
RA2/AN2/VREF- 4 "o ETL analog reference voltage.
RA3J can also be analog input3 or positive
RA3/AN3VREF+ 5 o iy analog reference voliage.
RA4 canalso be the dock input to the
RA4/TOCKI 6 Vo) ST Timer( timer/ counter. Output is open drain
type.
RAS can aiso be analog inputd or the slave
RAS/SSIAN4 7 1O TTL select for the synchronous senial port,
PORTB is a bi-directional /O port. PORTB
can be soft-ware programmed for intemat
RBO/INT 33 o Py weak pull-up on all inputs. RBO can also be
the external interrupt pin.
RB1 34 748 TTL
RB2 35 Vo 7L
RB3 can also be the low voltage
RB3/PGM 36 s AL programming input.
RB4 37 o) TTL Interrupt-on-change pin.
RB5 38 o TIL Interrupt-on-change pin.
Interrupt-on-change pin or In-Circuit
RBE/PGC 39 "o O] Debugger pin, Serial programming clock.
Interrupt-on-change pin or In-Circuit
RB7/PGD 40 Bo. TIUsT Debugger pin. Serial programming data.
PORTC:is a bi-directional {/O port.
RCO can also be the Timer1 oscillator output
RCO/T10SO/TICKI 15 1o - or a Timer1 dock input.
RC1 can also be the Timer1 oscillator input
RCY/T10SHCCP2 16 17Q ST or Capture2 input/Compare2 output/PWM2
output.
RC2 can also be the Capture1
RC2/CCP1 17 o 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,
RC4 can also be the SPt Data-n (SPI mode)
RC4/SDUSDA 23 Vo ST o data /O (12C mode).
RC5 can also be the SP1 Data Out (SPI
RC5/SDO 24 Vo ST mode).
RCB8 can also be the USART Asynchronous
RCEMX/ICK 25 o ST Transmit or Synchronous Clock.
. RC7 can aiso be the USART Asynchronous
RC7/RX/DT % | WO ST Receive or Synchronous Data.

11
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M5199 2.1 (AD) S1AZIDYAYDIVT PIC16F877

1nfia
swmudy ddanaIITg .
fam ot u:: Sviviat snazifing
RDO/PSPO 19 1O ST/TTL
RD1/PSP1 20 Vo ST/TTL
gg?;ggg g; :;8 g;g-rni PORTOD is a bi-directional 1/0 port or parallel
RD4/PSP4 27 o STATL | Slave port when nterfacing to 3
RDS5/PSP5 28 1O ST/TTL microproces S
RC6/PSPB 29 110 ST/TTL
RD7/PSP7 30 1O ST/TTL
PORTE is a bi-directional /0 port. REO can
T also be read control for the paraliel siave
ggﬁ%ﬁ'ﬁ g :;8 g%ﬂ’l_ port,.or analog input5. RE1 can also be write
Tl control for-the parallel slave port, or analog
RE2/CS/ANT 10 7o K¢ input6. RE2 can also be select control for
the paraile! slave poni, or analog input?.
VSS :13? P =~ Ground reference for logic and IO pins.
VDD I P Z Positive supply.for logic and /O pins.
NC _ %/ ‘These pins are not internally connected.
These pins should be left unconnected.

2.3.6 MIdaassru AN 15N TuYe PICIGF87T
~ ] o é =
PIC16F877 9 A0t 26A381 TU51AT I 39mun5 991994 1A098K byte TaePIC16F877 v

fluuaniiten e unIn. 8K x 14 bits AWMU Reset Vector 35887 0000h (40 Interrupt Vector 3¢

] v
o

VAl 1 ] o 9 & ’ Yy o = & o
2gNn 004h PIC "UzllUQﬂu'JUﬂ'J']iJ%']Tl]iHﬂillﬂﬂﬂlﬂu'ﬁu'] PIAATH T NVCUUUIA 2 Kbytes BN

CALL uaz GOTO. axisa 9% Program  Counter n3vlaallunlalusas Page timiu uaduile

b4
@ o

& o =t 5
#0an15052 1ANIN Page nile Tliadn Page wiia. Anindenoslinilngy PCALTH4:3> (Bit Address

3 v
o ~ o w

a sldy o oy =4 v (9 = ) =)
12 ez 13 10y ludePagenfonisidenounasainiuseGondrda CALL #39'GOTO ANBNT)



13

| PC<120> !
CALL, RETURN /]? 13
PRTPIR, RETLW {l/ 7
Swck Level 1
Suack Levet 2
*
*»
L3
Tk Lawwal 8
RESET Vot o 0h
. -
»
Inerrupt Vaemer 0304k
0205h
Fazed
07FFh
©890h
Fage 1
onlnp N\
Pregram = .
Memdty 13005
Fage2
13FFh
1890h
Fazed
[N 1FEFR

517 2.9 n1SaassniasanuilUsinsuves PICI6F877

A £ ' o Y A aa o ° v Aa
NN UI ‘UBQHH'JEJﬂ’J']lJ%']TlJiUﬂﬁJ %Zﬂﬂﬁlﬁﬂﬂiuﬁ]ﬂm@i PCALTH Tﬂﬂﬂ'lii‘é’,uﬂ'llmuﬂﬂ‘ljﬂ 3

uasiia 4

A15197 2.2 A1 PCLATH<ZA:3> lums1asnv i) 4849 PIC16F877

PCLATH<4:3> PAGE

00 | 0
01 1
10 2

11 3
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Ty o g . TSP
11 19f1de CALL 117 Routine 10 Routine ni1and2 nd19z14d 1@ RETURN lumsndvuTdduvvady

= T

v v b1 1
13 RETURN naviiu lusuiudoeds pcaLTH 193 1USmiin nountfiazSun CALL 1w512A1 Address
Y

@ J a3 b T Y ' o v o o 1Y 9/ M 9/ d’l ar
Asnanezgninuilu STACK sgududdmiudids GoTo nmdwnih sxdosdald PcALTH F11ds

v &y &
nindpanisez lilynass

23.7 M33AaIIMHIBANNI U RAM Y03 PIC16F877
PICI6F877 fimissanusidoya RAM dmsuldnumly 368 bytes naziisvamos 1nd 8 bits 57

A2 Aa31912.19 uday Bank Tu1agegn 128 bytes ualin1sidau 1dese luuaag Bank aafuTaeluudaz

H ¥
=

3
Bank 1159085 T NUTNAST

- Bank 0.0%79 Address 0x00-0x7F

-Addréss 0x00-0x1F IR UNS an o TIng

- Address 0x20-0x 7F Li‘_lu*ﬁuﬁmawﬁavmmﬁﬁ'aQaﬁm%ﬂ%’amﬁﬂ1J 96 bytes

- Bank1 1133 Address 0x80-0xFF
- Addrobs 0x80-0x9F (T 1iiAvesi Sanes INE usifing Address Tafldho
“Address 0xAQ-0XEF i uiiue tien s ideyadmin ¥t 1 80 bytes
+Address 0XFO-0XFF 135 §oyamilousulu Address 0x70-0x7F 1u Bank 0 1ifo90
Wansaldfetaein Address 0x70-07F 18108 Taehido utldou Bank

- Bank 2 %39 Address 0x100-0x17F

¥

-'Address 0x100-0x10F iU ufito 5 samos IS a1 Address Wi 14 au

’
~ (]

- Address 0x110-0x1F (fuWuiivearshsamuddosadid Tuldanialy 16 bytes

& H
- Address 0x120-0x16F A?Juﬁummnmﬂmmﬁﬁ’f

Re

pgad s ulFauily 8o bytes
- Address 0x170-0x 7R 155 gy amilonfuu Address 0x70-0x7F 1 Bank 0 t#i®
b4 [
3101 enso 1998a91n-Address 0x70-0x7F 1A 110U Taglidoatlasy Bank

- Bank 3 %29 Address 0x180-0x1FF

I3 3
A

- Address 0x180-0x18F (HUNUNVB5 1005 IWd AN Address 1o l4a1u

- Address 0x190-0x19F (uiiufivesntiieniusid

oyadmiulFaunaly 16 bytes
= d’l’ ~ ] o ¥ [ o 14 o

- Address 0x1A0-0x1EF iuitufivesniitennudioyadiniuldamnalil so bytes

- Address 0x1F0-0x1FF Uss59doyamilouiulu Address 0x70-0x7F 1u Bank 0

Flimusalddoyasin Address 0x70-0x7F ladwiu Taolidoudou Bank
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M3IAN Bank veamilsanuidoya RAM szdeudonluSimans STATUS Tasmssyy

AuvUINDA 5 azlia 6 (RPO, RP1)

15199 2.3 A1 RPO uaza1 RP1 11151890 Bank Y04 PIC16F877

£} Uninyplesmenied datn soe-mory bocotiens, ead as O

* Not a physical racisier
Note 1, These myisters ase mat implemerted on the PICTEF8/6,

22 These pegictnrs ane reservand, moindain the s tegistens e

RP1:RPO Bank
00 0
01 1
10 2
11 3
Fie File File Eile
Adcress Aduiress Address Adkose
Irwdiroct addre 1] DOK Irdivect ahde N Bon Indirect addr. S5 100h  FindrectoddeS ™) 10k
ThiR 91h CATION REG T 81k ThER(E 101th OPTION REG] tath
PCL b pel Hh PGL 102h PCL 182h
SIATUS | b3h STATUS | 83N SIATUS 102 STATUS 183h
FSR b ESR a4h FSR 104k FER 184h
PORTA 05h IRISA Boh 105h 1850
FOR1B HGh 1RISH 8Eh PORIB 10€h TRISB 186k
PORIC O7h TRIRC 87h 104h 197h
PORTO? 1 08h TRISOAY § g8h 108% 168h
PORTE | oh TRISEV! 1 gun 10%h 182h
PCLATH | %Ah DCLATH | RAR PELATH 10Ah TCLATH 18Ah
IHICON h IHTCON H8h INTGON 1W0ksh BNTCON 163h
PIRT oCh L PIEY 8Ch CEDATA | 10Gh EECON] 18ch
IRZ 3h PE2 8DH £ ADR 100h EECONZ | 180h
TMRIL DER PCCH SED FEDAIM } YOFh 18Eh
TLRIH o1y akn EEADIKH _ § 10Fh Reservedd | 15Fh
TICON 10h HOh 1oh 190k
TMR2 1h SSPCON2 .} 9th 11h 191h
T2LON 12h Pre 9 112h 192h
13h SSPADD 1 93k 113k 1930
SS5PCON ] 14h SSPSIATL § Osh Nah 184k
CLPR1L 15h 95h 1Sh 1504
COPRIHA. | 16k ach Her B onoral 156h
CLOTCON | 175 g7h General N7y ey 197h
RCSTA 1 18h TXSTA | 9% Parpoen | 118 fusen | 1gon
TXREG 14n SPBREG o%h 18 Bytes 1185 15 Bytes 199h
RCREG | 1Ah 9Ah 11Ah 194k
CCPRA. | 1Bh 9Bh 118h 158h
COPRZN 1Ch aCh NCh 10Ch
CCPR2CON | 1Dh Bk 10h 19Dh
ADRESH "§ 1Eh ADRESL 9Eh HEh 19Eh
ADCOMND | tFh ADCONT | 9Fh Fh 19h
20h ADh 2vh 140
mGenenx genemi gemrd ga.;wm!
X L .- U -
Rajae Remer Rz Ry
96 Bytes, 80 Bytes EFb 80 Byvee 1CEh 80 By, 1t h
accesses Fih aocouses $70h etk iFoh
70h-7Fh h7Fh 77h - th
TFh FFh 17Fh Hih
Baonk Bank 1 Bank 2 fank 2

juf2.10 m3saassmitennuideya RAM uazdumiiGSames ¥o PIC16F877
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2.3.8 S3mno3Inanves PIC16F877
23.8.1 FPennesd Configuration word
HUUIA 14 bits ag:‘?i Address 2007h U Program Memory Tasmsynaniiiosduves PIC
%zgnf‘imuﬂﬁwﬁwmmi‘imsaé ezl Enable/Disable Power-up timer, Enable/Disable Watchdog,
Oscillator bits (fMuATiwosTy LU mizganusfid i sxdosdmunluvaiziims
WeuT1s1n3ua3g Flash Memory 493 PIC
23.8.2 33a1n03 STATUS

s g VS Y ? o
Lfluiilmﬂasﬂ%mmay,auamamumimmmumm 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 D Z DC C
Bit 7 Bit0

JUN2.11 531903 STAUS

1n 7  IRP (Indirect Register Bank Select bit) T9d0n Bank ﬂlﬂﬂﬁﬁ’)ﬂﬂ’]’m‘ﬂoﬁfﬂga RAM lf}ﬂi“f)"
159 19A M Taud oy
1'=Bank 2, 3 (100h-1FFh)
0 = Bank 051 (00h-FFh)
fin 6-5 RP1:RPO (Register Barik Select bits) 19tnen Bank yoeniagnauiWoyn RAM iife1d
MDA TRLAS §
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) Uauaadn 15U Inualszndandeanu
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

102 Z(Zero bit) Huaamamsnsziiidaniadacmans

1 = The result of an arithmetic or logic operation is zero
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0 = The result of an arithmetic or logic operation is not zero
fin1  DC (Digit carry/borrow bit) 1¥ermaminanieduszninmanlunsdidrda 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
wazuaasmnduiuiiionsyiiids SUBWF e SUBLW
n0 € (Carry/borrow bit) 19iAsnIsnanIoduvosiin 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
2383 Soaned WSS amesiiunumd ity mielunslsznananndamaad

<4

shpanIziimusTmnes W sazdaimdmidusananslunis asriueo1uzv09 Output 11869 VO PORT
b4

N8

=

oL

2.3.8.4 Program Counter (PC) Lﬂugﬁﬁmﬂi’ﬁmum%zu Address Y94 Program Memory
Ao w o & P @ A = N 4
AMdhmsdszanana d9azitlu Counter 131 13 bits. Ineia 1A Counter MTTaEIANAY 1 9 AT
A - ot o & o & (R da e v cFowwdn Ll o ]
elimsszuanamdunady 1 a3e Fenfiuanspdeamissesiidaas lfgsimslssutana ua
Wolszuramdd JUMP @7 counter 98 UAGMAUA N UM TUMP 1118140 9

] 6. o o o ' by =4

23,85 Stack (uniasanudidesdmsud uawe s PC A 13 bits Tauiudeyald

8 szdu Taafugmuaue L PC Il fdy CALL Hasasdmnuininuliean Tda pC iweilidrds
=1 o .
RETURN lagn15inuazidl iy LIFO (Last In First Out)
¥

2.3.8.6 PORTA, PORTB, .. (AUAT00IUZU04 PORT AT

2.3.8.7.TRISA; TRISB, ... 1¥6muananiso9vives PORT 1uq 1191 lasly Input
¥350 Output Taed i mualvitly 0 azilu Output S1IMHIN 1 92121 Input

2.3.8.8 39a1n03 CCP1CON liaz:CCP2CON iilu3daunedainnu Tuga CCP1 1Az 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 CCPxMi CCPxMO0

11212 33maes CCPxCON

82012
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1in 7-6 . Wil wanilu <o
a yd 1 a o a [ a ¥ A
iin 5-4 CCPxX:CCPxY lHnumaid lmfavesdyaia PWM lu 2 inan erldnuieluga
cepx Tasumssmualivaululnus pPwM dudoyn 8 Tauu sz ld9n33anes CCPRxL
iim 3-0 CCPxM3: CCPxMO ldifonasiinuuesluga CCPx

“0000” — ngansodanisIFnuvesTuga ccpx i Tuga CCPx AR Im

1
o 4 o

«0100” — i luTuuansndudygra Tneasieduiinneg vouviasvesdyyin

o v

[ o

' ¥
«0101” — e luTnuansniudyau Tasasr95uiinng veuvyuvesdayn o

e g v

[V o

v E4 14
«0110” - e luTnuaasndudyana Tnoasr93ufinng vouwyun 4 vesdyg o

«0111” - oy TnuanssesudaaarTasasaesuiinng woUA U 169Dty Ry

«1000” ~ v luTnwansulssuisudeya udsraatsulSeudoudienisisaonina

oy (CCPAIF i)

<1001 £ haluluupasaeals suitsndoys udsnanisnfSeiiioudronsindes

toinmilomrit (CCPXIF 92twa)

“1010” = FaTu TnuansaslFouioudeyn ileauiifuszyiinis Suime 7 51ld
(CCPAIF 921990 1A ez i copx 9 Lilg sumanseny)

«10117 LAy Tniansroliouiiendoya deduisuesiinisduiady g
N5 AUMAN TRl NIfY Trigger Special Event (CCPXIF 324@ uAd@MUEH CCPx
vl IS umansznu uaziims Sl TMR1)

“11xx”= it lvvaaSedaau PwM

23.9 mahanululnuaPwM
Tuga CCPx sintsAuiad Y uUeRinTUN RTINS T ad (Pdise Width Modulation: PWM)
AMATIBYA 10 Ua Ty I PWM A iz de98n M RCHECP L T RC1/TIOSUCCP?
239.1 nanmsa i NdaIa PWM
1. fmuad Ifudssanes PR2 iedmuasnawesdyaia PWM
2. fmuamaaa lmia Taoeudeyaasluidames CCPRxL  Saufuiin 5-4
YDI5371A03 CCPXCON
3. mmualfuiwesn RC2/CCP1 nie Re/T10sVCCP2 Huteninaiveiu
nugenvesdayaa PWM Tasnisindeiinfi 2 n3e 1 v0435ames TRISC
4. fuannS anninosvod TMR2 waziuuiamsiiauyes lnwes 2

5. fmunal Tuga ccpx w1 i Tnue PWM
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sy Cycie Pegisters = COPICOHCS 4>

coPRiL ¢ |
imm(sm;g I
RCaICCA
Comparxnr R o]
I THRD }(uoh 1)] .
TRISCe2s

Cioar Taret
CCFI a6 a0l
(S i e (ol

Notg 3. Tre 8-t 1Mer & LCCSMOraltsd efn 2-0¢ vaernae Q
SpcHCr 20N 3 I DICSIRY 1T el 1O TR
bxse.

JUn2a3 msviouvedluga CCPL NeaNdyaal PWM

T ) v T ¥ F 4
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, (USIAUDING USIAUDINAD faAawaai
% msilatlandd | | e, R O % AUAANAIA
aumudsuatla | Sunmiliua1é (Andy
(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
1 4.450 4.391 0059 1.326
12 4.400 4354 0.046 1.045
13 4.350 4.296 0.054 1.241
14 4300 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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MmN 4.3 MsnfTsuinsuranisnaaIturan NG (91v)

MNNNGYY A91NN133ART9
. HIIAUDINA HSIAUTINAD AnuRanaIad -
% mitatands | s vy |y o vy o 2 % ANUHANDIA
aumudsuala | Aumudsumla G
(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
4 2.900 2.847 0.053 1.828
43 2.850 2.808 0.042 1.474
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AMNNGHY AINNT AT
o HSIAURINGD USIAUDINAD mAnuAanaInd
% mydlatlandd | T o e o 2 % ANUAANIN
aunudsumla | AumudSumla AU
(mV) (mV)

44 2.800 2753 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 2300 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 2150 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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AINNNYYY 191033039
- . UIIAUDINGD HSIAUDINGD manuRanaiad
% mydlatlanar | B o o % ANUAANAA
AMumudsumla | dumudSumld Havu
(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 1413 0.037 2.552
72 1.400 1.362 0.038 2.714
73 1.350 1.311 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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MNNQU] 913393
, UIIAUDINAD HIIAUINAD MANUAANAIAT
% maatlandy | R o o2 % ANUAANDIA
Aumutdfuald | AumudSuanla HAdY
(mV) (mV)
91 0.450 0.435 0.015 3.333
92 0.400 0.383 0.017 4.250
93 0.350 0316 0.034 9.714
94 0.300 0278 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 */

I* 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 1s232(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); /l-set-port d output”_port PIN.DO - D3:and input_port PIN D4 -
D7.//

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

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

Icd_pute("Control'); // function printf LCD. //

led_command(0xC0); /I'set write LCD lowwer 8 char. //

1

led pute("Value.");. © delay ms(2000); /[ function printf LCD. //

led command(0x01); /I clear screan’ LCD. //
loop while TRUE. /"
while(TRUE)
{
/] ====--- programs set on valve.on orvalvey-=-------=- I

if(start_servo==0)

{
lcd_command(0x01); // clear screan LCD. /
lcd command(0x80); // set write LCD upper 8 char. //
lcd_putc("valve ="); // function printf LCD. //

while(start_servo==0)

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

iflvalve==0)
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{ led_putc("ON"); } // function printf LCD. //
else { lcd putc("OFF");}  // function printf LCD. //

1 scan COL 3 1
output_d(0x08);
if((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(input(pin_d7)))
{
if(input(pin_d4)) { valve++; if(valve==2) valve=0; } /ROW_0
if(input(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 H

}
e e e

1 programs set input. 1
if(start_servo==1)
{
position=0; aa=10;bb=10;cc=10;
lcd_command(0x80); /I set write LCD upper 8 char. //
if{valve==0)
{ lcd_putc("valve on™); } // function printf LCD. //

else

{
led_putc("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;}
led _gotoxy(2,3);
led pute("=");
led_putc(data_code[aal);
led_putc(data_code[bb]);
led_putc(data-codelccl);
led_pute(" %");
/ scan COL 0. /!

output_d(0x01);

if{(input(pin_d4))||(input(pin_d5))||(input(pin_d6))li(input(pin_d7)))

{
if(input(pin_d4)) { num[position]=1; position++; } /IROW..0
if(input(pin_d5)).. { num[position] = 4; pesition++; } /l ROW A
if(input(pin_d6)) {num[position]= 7; position++; } //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);}

}
I END SCAN COL 0 /
/! scan COL_1 /"

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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ifinput(pin_d5)) { numposition] = 5; position++; } // ROW_1
if(input(pin_d6)) { num[position] = §; position++; } //ROW_2
iflinput(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 /"

output_d(0x04);
if((input(pin_d4))||(input(pin_d5))}|(input(pin_d6))||(input(pin_d7)))
{
if(input(pin_d4)) { num[pesition] = 3; position++; }-7/ ROW_0
ifinput(pin_d5)) {num[position] = 6; position++; -} // ROW._1
ifinput(pin_d6)) { num[pesition] = 9; position++; . // ROW, 2
if(input(pin-d7))
{
start_servo=0;
led_command(0x01); delay.ms(100); . // clear screan. //
} [[ROW 3

while((input(pin_d4))||(input(pin_d5))||(input(pin_d6))||(inputlpin_d7))) {delay us(100);}

}
I END SCANCOL 2 //
/! scan COL 3 1l

output_d(0x08);
if((input(pin_d4))||(input(pin_d5))||(input(pin.d6))||(input(pin_d7)))
{

if(input(pin_d4)) { } //ROW_0

if(input(pin_d5)) { } //ROW_1

if(input(pin_d6)) { } //ROW 2}

if(input(pin_d7))

{

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



if{position==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);}
}
/" END SCAN COL 3 1l

il

}
T T T LT T T T T 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;

led_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. //
Lcd pute("f); // function printf LCD. /
putc(B"); delay_ms(5); // close valve. // -
}

value = Read_ADC();

volt = 0.0048875855327468230694037145650049 * (float) value ;
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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) /I 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;

if((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;}

led_gotoxy(2,3);

led pute('=");

lcd putc(data code[aal]);
Icd_putc(data_code[bb});
led_putc(data, code[cc]);
led_pute("9%");

3

}
i e i

}

/" END.LOOPTRUE 1
3
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 SERVOPIN_CO  // control serv. //

f] =mmmmmmmmmmeae Function Control Servo motor i

// 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(SERVO); delay ms(1.2); output low(SERVO); delay _ms(20);}

// function pulse stop value. //

void Servo_stop(void)

{output_low(SERVO); delay ‘ms(20);}

[ —mmmmmmmme e Function Control Servo motor /!

void open_valve()

Servo_open();

Servo_stop();

void close_valve()

{
Servo_close();

Servo_stop();

void stop_valve()



Servo_stop();
Servo_stop();

}
iy

char valve; // value control servo motor. //

#int_rda
void rs232_isr()
{

valve = getc();

}
i e

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. //

I loop while TRUE.

while(TRUE)
{

"
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/A — mode open valve
if(mode==1)
{
while(mode==1)
{

open_valve();

/] === if recv from control == ¢ stop servo.

if(valve=="¢"){mode = 0;}

//

1

] ==mmmmmmmmmmnmeeees mode close valve
iflmode==2)
{
while(mode==2)
{

close_valve();

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

if(valve=='¢") {mode = 0;}

1

I
I

i/

i

4

iflmode==0)

while(mode==0)
{

stop_valve();

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

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

7"
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i "

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

if{lvalve=="B"){mode = 2;}

1 i

i END LOOP TRUE 1

/! VIAIN PROGRAMS —--mmmmmmmmm oS e e
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Yoyave PIC Tulnsneulnsoines 1we 16F877

MiCROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices included in this Data Sheet:

« PICI6F873 - PICISF876
- PIC16F874 > PIC1EF877

Microcontroller Core Features:

High performance RISC CPU
Only 33 single word instructions {0 ieam

All single cycle instruckions except for program
branches which are two cycie

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

Up to 8K x {4 words of FLASH Program Memary,
Up 1o 358 %8 bytes of Dala Memory (RAM)
Up 10 256 x '8 byles of EEPROM Data Memory

Pincut compatible o the PIC16CT3B/74B/76/77
Interrupt capability (up 10 14 sources)

Eight level deep haraware stack

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

Power-up Timer (PWRT) and

Osciltator Start-up Timer (OSTY

Watchdog Timer (WDT ) with s own.on-chip RC
osciliator for refiable operation

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fuily static design

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

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

Processor readiwnite access to program memery
Wide operating voitage range. 2.0V to 5.5V
High Sink’Source Current” 25 mA

Commerdial, Industnal and Extended temperature
ranges

Low-power consumption

- < 0.6 mA typical @ 3V, 4 MHz

- 20 uA typical @ 3V, 32kHz

- < 1 pA typical standby current

.

L3

.

.

Pin Diagram
PDIP
gy, NS R [1+— 87230
REZAND e ]2 35 [] =—w 3BIRGC
RATANT e[ 3 33 | »—e RES
REBVANDEREE e[ 3 7 e—e 354
SATUNTrERs w—e (] 5 38 [] o—e REZZEM
PATIC e—e-[] 6 18] e—e 382
SA5AMATS ~—=[] 7 < (#0e—eaE
REITLANG =] 6 . 3= RBINT
RESTWRANG w—= [ g QW ue—
RITEANT s 12 G 3 [ e
vote—e Lt @ a2 (e ROTPOAT
¥ —— [0 1 B | ] e—e FDEPEE
CB0: TLKN ——e- [T 15 5 28 [ == IDIPSSE
Yoy e[ = T[] e FDEPSRR
FAETIS3OT CAl »—e] 15 a 28 [ -w—e ICTRADT
POI TIQERSCPY e—an ] 48 28 ] e SCETRCK
RCATCPl w—e[1 17 24 [] =—e RCESLO
FCUSCHETL »—w [ 18 13 ] == RC4SDISDA
RI0.55P0 o—e[] 12 32 [] »—e RO2PFZ2
FOVFEP1 —e ] 20 27 [ e R0O2P$2

Peripherai Features:

»

TimerD: 8-bit imericounter vuth 8-bit prescaier
Timerd. 16-bit tmer/counter with prescaler,

can be :ncremented during SLEEP via external
erystaliciotk

Timer2. 8-bit imericounter with 8-bit peried
register, prescaler and posiscaler

Twa Capture; Compare, PWM modules

- Caplure is16-it. max. resolution is 12.5 ns

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

- PWIM max. resolution s 10-bit

10-0it mult-channel Anatog-to-Digitat converter
Svnchronous Serial Port (SSP) with SPI™ (Master
mode) and 1°C™ (Master/Slave)

Umiversar Synchronous Asynchronous Recewver
Transmitter (USART/SCI) with S-bit address
detection

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

.

.

4 2001 M crochip Technology Inc.
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F87¢ PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC-20MHz DC - 20 MHz BC-20 MHz
RESETS (and Delays} POR, BOR POR. BOR POR, BCR POR, BOR
(PWRT OST) (PWRT. OST) {PWRT. O8T) (PWRT, OST}
FLASH Program Memo
(14-bi?words) Y 4K 4K 8K &K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
interrupts 13 14 13 14
IO Ports Peris AB.C Ports AB.C.D.E Poris ABC Poris AB.C.D.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 instructicns

35 instructions

35 mstructions

35 ipstructions

. _____________________________________________________________________________________]
2001 Microchip Technology Inc
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC15FS74 4K 192 By:es 128 By'es
PIC1Er8T7 8K 365 By'es 256 By'es
'3 DamBus 3 PGRTA
FLASH : ” A RADAHNC
o ar A AN
g ! — | R vz
8 Level Stack Fre: 1 T f«»“«:f;{)‘gm*ﬂ'
113-bity Regsters : ;::5/& A‘: ¥ 3
Program . -
guis RAM £ 1 9 PORTS -
Instructon reg -’/—:ﬁ% :H gg;
Direct Addr—7 | ; 4=~ rRazPom
m [ RB4
+—Ix] Rras
RB3PGC
2 I——f;l STATUS reg |-5= RB7PGE
1 T PORTC
s N i = ICCTIOSOTICK:
7 WOx 7 4[] RCATIOSKCCPD
iy chﬂngerUp gl A j[_ / 4 RCUCLPY N
. pyne Q2 AN, LY RCASCHISCL
Iparuclion = Osuil ator 9 N ) ] CASOVSDA
Dﬁg?.“de & =4 | Sort-up Tiver \\ AU RCCI';DC
Cortre ; SIS
S%Eﬂ}m 3 YA J. ] RCHTXCK
3 : ;:Zo, 3 (X SCTRND™
TP a g e
&= Generaton | == Tmer Wreg PORTD
CSCZ{CLKZN Brewn-gur L ROGPSPO
DSCLTLHMCUT Reset " ROVESP1
In-Circit - RO2PSP2
Debugger VL }« RDWPSP3
Low-\olage 4 RO4/PSP4
Programiming Paral f Slave Porth; H ROS/PSPS
1 . ROGIPSPS
» ROTPSPT
PORTE
MCLR og: Vet 4[] REWsNSAD
= =[x REANETAR
5 RE2aNTTE
Timerd Tirert “aner2 12-bt AD
:./' . ’
[ i AL it
Jata EEPROM cees12 Symehionolg USART
“ - Sanal Pors
tote 1: Higher oroer biss are front *he STATUS reaister.
L P
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PIC16F87X

TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTICN

. DIP | PLCC | QFP | YOIP Buffer I
Pin Name Pin# | Ping pin# | Type Type Description
QOBCYUCLKN 13 14 30 | STIONOS™ | Oscilator erystal inputexternal c.ock source Irgut
QSCHCLKOUT 14 15 31 o] — Oscilator crystal output. Connects 0 crys:si or resonator
in crysial osaillator mode. in RC mode. CSC2 pin outpy's
CLKZJT which has 1:4 the freguency of O5C1 and
denotes the instruction cycle raze.
MCLRWV PP 1 2 18 = 87 Master Clear (Reset} nput of programring voiage input.
This pin is an actve iow RESET to the device.
PORTA is 3 In-direztioral #0 port
RAT/AND 2 3 19 &) TTL RAG tan also be anaiog ihputd.
RATANT 3 4 20 HO TTL RAf can alsobe anaiog inputs.
RAZFAN2ARER- 4 5 21 [F1e] TEL RA2 can also be anaiog mput2 or negative
ana'cg reference voltage
RAYANINREF~ E 8 22 5o TTL RA3can alst be analog npu:3 or positive
analcg reference voltags.
RA4TOCK} g 7 23 e 37 RA4 ¢an-also-bethe clock input to ne TimerD timer!
counter. Owpul s open drain type.
RA%SS/ANS 7 5 24 1O L RAS ¢an also be analog inpud or the stave select for
“he synchronous senal port.
PORTB is a h+direchonal YO pott PORTA can be scf-
ware prograir med for intemal weak oull-ug an 3l inouts.
RBOANT 33 38 3 Te} TTLSTH KRB0 can also be the evierna ntermupt pin
R&1 34 7 g e TTL
RB2 35 e 10 Ee TFL
RBIPGM 3¢ 28 i1 e} TTL RB2 ¢an also be the low voltage programming input,
RB4 37 a1 14 e T {rearupt-or-change pn
RBS 38 42 15 [tie] TTL irterrunt-on-change pin
RB&/PGC 39 43 15 o] TTUSTY inzerrupt-on-change pin or in-Ciccuit Dehugger pin.
Serial programming clock
RB7/PCGD 45 44 17 |Gie] TTUSTR inerrunt-on-change pn or in-Circuit Sehugger pin.
Senal programmmg data.
Legend: | =inout 2 = outpur 0 = inpy¥output P = powef
— = Nat used TTL =T7L ‘nput 8T = Schrmt: Tnggsr input

Note 1: Thas nufferis a Schmitt Trigger inputwhen configured as an external mterrupt.
2: This nuffer1s a Schmit Trigger input when usad m Seral Prograrining modes.
3: Thas buffer is o Schmitt Trigger inpu: when configured as general ourpose 0 and.a TTL input when used in the Parallel
Slave Por: mode (for interfacing 1o a'micreprocessor bhus)
4: This buffer is a Schmitlt Triggerinpu: when configured in RC oscifiator mode and a CMOCS input otheryise,

DS30282C-page 8 £ 2001 Microchio Technoiogy Inc




PIC16F87X

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

Pin Name Sg; p;;rc);: 3;’; ll}‘s?pl; i:fgzr Description
ORTC s a be-cirechonal 11D pont.
RCHTIOSOMICK. | 15 16 32 o 37T RCC ¢an aiso be e Timert oscilator output or a
Timeri clock ingut
RCUTI0SHCCP2 18 18 35 o 3T RC1 ¢can aise ke the Timert oscillator input or
Cagtured inpurCompare2 output: PWM2 auiput.
RC2/CCP1Y 17 19 36 (o] 8T RC2 can aiso be the Capture? mput’Compara
ouputiPYe MY cutput.
RC3SCKISCL 18 20 37 o 87 RC3canalso ke e synghromus senal clock inpJy
oteput for boin SPI ang I-C modes
RC4/3DIFSDA 23 25 42 o 87 RC4 can ajso te 'ne SPI Data In {SPI mode) or
data VO {i-C mode
RCH/3D0C 24 % 43 o] §7 RC# can alse bethe SPi Data QOut (SF1 mede).
RCBTXCK 25 27 44 el 87 RCE can alsc be e USART Asynchronous Transmit
orSynchronous Cleck
RC7RXOT 26 29 1 1O ST RC7can also be e USART Asynchironcus Recewve
of Synchronous Data.
PORTD is & bi-directionat-i0 port or parallet slave port
whenin‘erfacing o 8 microprecessor bBus
RDU/PSPD 19 21 38 fle] STITTL®
RD1/PSP1 20 22 30 i1e} ST/TTLI
RD2/FSP2 21 23 40 e) STTL
RD3/FSP2 22 24 41 o] STATLS
RD4/FP524 27 30 2 lie} STTTLE
RDS/FS>5 28 21 3 6] STATLR
RDLPSPE 28 32 4 o} STTLRY
RDTIPSAT 30 33 5 o] STTTLE!
PORTZ Is a bi-directionai 43 port.
REORDIANS ] ] 25 [i{e) STTTLE REQ can als0 he read tonrot for the paraliel save
pors, or analog inputs
RE1/WRIANG 9 10 25 o SR RE1 can also hewr e control for the paratle! slave
pors oranalog inputé
RE2TTANT 10 11 27 wo 5T REZ can also be selec: control for the parallef slave
por., ar anakag input?
Ves 1231 13.24 6,29 %} — Ground reference for leg.c and ¥O pins.
Vo 11,32 1235 7,26 2 —_ Postive supply fariogic and 1/Q pins.
NC — | 17,28, 1213 - These pns are not internaily connected. Thess pins
40 333 should be left unconrected.
Legend: 1=mput O = output IO = nputioutput P = power
— = Not used TTe=TT7L inout ST = Schmift Trigger input

Note 1: This buffer is a Schmitt Tngger input when configured as a» external interrupt.
2: This buffer is a Schiit! Trigger incut when used in Sena Programming node.
3: This buffer 5 a Schmitt Trigger input when configured as general purpese 'O and a TTL input when used in the Paralizl
Slave Port mode (for interfacing to a microgrocesser bus)
4: This huffer 15 a Schmitt Tngger input when configured in RC oscitiator mode and a CMOS input otherwise

. _________________________________________ ./
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PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks m 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™ Mid-Range Reference Manual
{D833023).

FIGURE 2-1: PIC{6F877/876 PROGRAM
MEMORY MAP AND
STACK
PC212:0>
I
CALL, RETURN 12 -]
RETFIE, RETLW -
Srack Level 1
Stack Lavel 2
L]
>
*
Stack LevetB
RESET Vecter 0207h
: S
*
Interrurt *Jector 0£:04h
DQOER
Page T
O07FFh
QEOIN
Page 1
On-Chp
Program <. OFFEh
Memory | 120¢h
Page 2
17FFh
1£04h
Page 3
« 1FFFh

21 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K X 14 program memory
space. The PICI6F877/876 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 vecior is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16F874/373 PROGRAM
MEMORY MAP AND
STACK
PCaA2Ds H
CALL, RETURN 13
RETFIE, RETLW
Stack Leve 1
Stack Level 2
2
L
Stack Lavel §
RESET Vethor 0200h
; $ —
Interpupt *fector 0504k
0005h
Cn-Chp Page J
Sragram -« 07FFh
Mamoty | 0200h
l Pag= 1
OFFFh
1200h
1FFFh

£ 20C1 Microchip Technology Inc.
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PIC16F87X

FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
indirect addr.{7 | oo indirect addr.!?| gon | Indirectaddr’?| 100n | indirect addr.®V| 1g0n
TMRO 01h OPTION REG/{ 81h TMRO 18th OPTION_REG] 181h
PCL azh PCL 82h PCL 102h PCL 182h
STATUS Q3h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 0sh TRISA 85h 105h 185h
PCRTB G6h TRISB 86h PORTB 106h TRISB 186h
PORTC Q7h TRISC 87h 137n 187h
PORTDIN | G8h TRISDIM | agh 108h 188h
porTEM ) 0%h TRISEN | sah 188h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10AR PCLATH 18Ah
INTCON 0Bh INTCON 881 INTCON 10Bn INTCON 18Bh
PIR1 GCh PIEL 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 abh PIE2 aBh EEADR 100h EECON2 18Dh
TMR1L QEh PCON 8EN EEDATH 10&h Reserved® | 18Eh
TMRI1H QFh 8Fh EEADRH 10Fh Reserved? 18Fh
TICON 10h S0h 110h 190h
TMR2 1ih SSPCON2. | 4ih 11h 191h
T2CON 12h PR2 Soh 112h 192h
SSPBUF -, | 13h SSPADD. | 'g5h 113h 193h
SSPCON | 14h SSPSTAT. | 94h 113h 194h
CCPRIL 15h 55h {15h 185h
CCPR1H 16h S6h 11Eh 196h
CCPICON |.17h 97h genefa' 117h SS"%’;L 197h
RCSTA o | 18h TXSTA | 98 Rediser. | 118h Register | 198n
TXREG 19h SPBRG 29h 16 Bytes 118h 16 Bytes 195h
RCREG 1Ah SAh 11Ah 19Ah
CCPR2L {Bh GBh 118h {9Bh
CCPR2H 1Ch 9Ch 11Ch 19Ch
CCP2CON 1Bh S0h 11Dh 19Dh
ADRESH 1Eh ADRESL GER 11Eh 19Eh
ADCONO 1Fn ADCONI OFh Fh 19Fh
20n Ach 120h 1A0h
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 30 Bytes = 80 Bytes {6Fh 80 Bytes 1EFR
accesses Foh accesses 170h accesses Foh
70h-7Fh 70n-7Fh 70h-7Fh
7Fn FFn 17Fhn \FFh
Bank O Bank 1 Bank 2 Bank 3
{7 unimplemented data memory focations, read as 0.
* Not a physical regster.
Note 1: These registers are not implemented on the PIC16FB876.
2:-These registers are reserved, maintain these registers clear.

< 2601 Microchip Technology Inc. D53C292C-0age 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 outpul. Since the
CCP1 pin is multiplexed 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 default
jow level. This is not the PORTC 1/O data
latch.

Figure 8-3 shows a simplified block diagram of the
CCP muodule in PWA mode.

For a step-by-step procedure on how tosefupthe CCP
module for PWIM operation, see Section 8.3.3.
FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Outy Cyce Regsters j—r- CCPICONSE.>

| ccpr 17|

o
P:CPR‘IH(S‘:we)E J
JL RC2/CCPY
r Comparator } R Q=
T
r THRY l(Note 1)|
—{5
Comparator TRISC2>
C ear Trrer,
4N CCPR1.pin and

\ &

Mote 1: The 8-t tmer 18 concaienated wih 2-bit ntenal Q
cock, or 2 bits of the prescaler. to craate 1001 5me-
hase.

A PW oulput (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 penod
(1rperiod).

FIGURE 8-4: PWM OUTPUT

' Penod '
A (R S

)
P e ———_—
Duty Cycle

1

]
)
\  TMR2=FR2
]

TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWI period is specified by writing te the PR2 reg-
ister The PWM period can be calculated using the fol-
lowing formuta:
PWMN penied = [(PRY)+ 1]~ 4+ TosC *
{TMR2 prescale value)
PWM frequency is defined as 1 ¢ [PWM period].

when TMR2 is equal to PR2, the following three events

oceur on the next increment cycle:

+ TMR2 15 cleared

« TheCCP1 pin s set {excephion: ff PWM duty
cycle=0%. the CCP | pin wit not be set)

= The PWM dutycycleis fatched from CCPR1L into
CCPRIH

Note:— The Timer2 poststaler {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 1s specified by writing to the
CCPR 1L register and {0 the CCP1CON<E4> bits. Up
o 10-bit resolution is available, The CCPRIL contains
the eight MSbs and the CCP1CONMN<5.4> contains the
two - LSbs. This 10-bit value s represented by
CCPRIL.CCPICON<S4». The following eguation is
used {o calculate the PAWIM duty cycle.in time:

PWM durv cyele ={CCPRIL:CCPICON:= 5:4:)

Tosc+ (TMR2 prescale value)

CCPR1Land CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a2 match between PR2 and TMR2
otcurs (e, the penod 1s_complete) In PWMM mode.
CCPR1H s a read-oniy 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 gitch-free PVWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with-an internal 2-bit Q clock, or 2 bits of the
THR2 prescaler, the CCP1 pin is cleared.

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

Fosc
oe¥rm:)
Resolunion = —————— ity

leg(2)

Note: If the PVYWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.

=2 2001 Microctip Technology Inc.
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833 SETUP FOR PWM OPERATION

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

1. Setthe PWM penicd by wrting to the PR2

register.

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

TRISC«2> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

[4}

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

Make the CCP1 pin an output by ciearing the

Configure the CCP1 module for PWN cperation.

PWM Frequency 1.22kHz | 488kHz | 18.53 kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16} 16 4 1 1 1 1
PR2 Value OxFFh OxFFh OxFFh Ox3aFh Ox{Fh Ox17h
Maximum Resclution (bits) 10 10 10 8 7 55

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

Value on: | Value on
Address | Name Bit7 | Bité | Bit5 Bit4 Bit 3 Bit2 Bit1 Bit0 POR, all other
BOR RESETS
CBh2Bh.  |INTCON GlE FEIE TCIE INTE RBIE TOIF INTF RBIF |coeo apox|0000 coou
138h, 12Bh
cCh PIR1 #sPIF | AGiF | ORCIF TXIF S8PIF | CCPYIF | TMR2IF | T¥RUF |oo0o ooco|00s0 coon
cDh PIR2 — —_ - — - — —  eepE s -a 0] ---- -~-0
ach PIE1 Pepicih| ADIE RCIE TXIE S8PIE . | CCP1l | TMRZIE(| TMR1IE [coco ocor|9900 €000
2Dh PIEZ - B - - = - — Tl ccrAE |- mmm - O --mm --- a
a7h TRISC PORTC Dats Direction Register 1111 1111)1111 1111
CERh TMRAL Holding Register for the Leas? Sigrficant Byte of e 15-hr TMR1 Register HEAAX 3000 uuae uuun
CFh TMR1H Holding Register for the Most Significant Byte of the 16-hit TMR1 Registar oo s BT o ARTIF N RRM VT
10R TICON = | - |T1CK,=~S1|T1CKFS:J[T1DSCEN TASYNC [ TMRICS| TMRION| -89 0080/ - -t uuuu
15h CCPRIL . |CapwreiCompare/PWM Register (LSB1 KDL KKK WU WU
160 CCPRIK | CapureiCompare/PW M Registar! (MSB? KFENXAXA| ULUL UL
17h cepPiconN| = | = | GCPIX [ CCPtY ICCmes ccm.ez]cc=1m lccmmo 2-p0 oL0C)|--00 0OAD
1Bh CCPRZL |Capwre/ComparesP M Register2 (LSE) XXX KXXX|UUuu uauu
1Ch CCPRZK | CapwreiCompare: PPAM Regisier2 iIMSB: KY¥AY XRXA| U uuaa
1Dn CCP2CON| — | =] CCP2X §)CCP2Y | CCPaM3 | CCR2MZ| CC2M1{ COPIMO |- -00 ocoe|--a0 0000

tegend x = unknown, u= urchanged. - = unimpiemented, read 3as'0" Shaded cells are notused by Capiure anc Timert
Note 1: The P3P is not implemented on the PICAEF8TAE75; aiways mantain these bits ¢lear

I ———
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TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on: | Value on
Address | Name | Bit7 Bit 6 Bit5 Bit4 8it3 Bit2 Bit 1 Bit 0 POR, | aflother
BOR RESETS

OBh.gBh. [(NTCON GE PEIZ TCIE NTE RBIE TOIF INTF RBIF |0oct COOX|0060 cocu
108, 13Bh

gch PRt Pt aDiF RCIF TXIF | SSPIF | CCPUF | TMRIIF | TMRYF [0000 0900|0000 0600
9Ch FIR2 - - - - — — - CCP2F [-emn -—-pf-m-m --- o
8Ch FiE? PSPIEM|  ADIE RCIE TXIE SSPIE | COPUE | TMR2IE | TMR1E |coce paceo|oooo cone
80h PIE2 — —_ —_ — — - -_ CCP2IE [-==- ===p[-==n --- o
§7h TRISC PORTC Data Direcuon Regster 1411 11111111 1111
11h THR2Z Timer2 Module's Register ¢OQo 0900|0060 GOOC
92h PRZ Timer2 Module's Period Register 1111 1113111131 1111
12h T2CON —  |7ouresa]Toutesz]TouTes: [ TouTPse] 7vRzON | T2CKPS1 [T2CKESO| - 000 cose]-000 0000
15h CCPRI1L |Capture/Compare/P'WM Registert (LSB} Yoo ¥oo|wuman uuu
16h CCPRIH | CapturesComparesP WA Registert (MSB) o Yoo uau uuul
17h cericon| = | —  [leerix | cery | copims | cerim2 [ cePiMi]ccPimo [-soe ooco|-~co ocoo
18h CCPRZL [Capwre/Compansy N Register2 [LSB} XL X30OL)uuuu vuuu
1Ch CCPR2ZH | Capture/Compare’PWM Register2 (MSB} FOZ XOL Uuuu. uuuu
1Dh ccreon] — [~ ccpzx] CCP2Y /| €CPM3 | CCR2M2, | CCPIMT [GCP2MO |- oo 8og0]--00 coco

Legend: x=unknown, u=unchanged, - = unimelementad, read as 0. Shaded cells are not used by 2A'M and Timer2
Note 1: Bes PS7IE and 23PIF are reserved on the PIC1£F273/376; always maintain these bits clear.

b .. ______________________________________________]
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