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ABTRACT

This thesis presents development of the PIC microcontroller based control systems.
Important features, instruction sets, and programming of the microcontroller are described, as
well as the design of peripheral boards. The interface between the microcontroller and these
peripheral boards allows several control tasks to be executed, making it suitable as a learning tool

for mechatronics.
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Pin Diagram

PDIP
MCLRvFp —= [ 1 L/ 40 []-=—a RB7.PGD
RADAND gt [ 2 28 [] wa—a REG/PSC
RA1/AN1 -a—p= ] 3 25 [[] «4—p~ RBS
RAZJANZAVREF - a—- ] 4 37 [] -=—» RBE4
RANANIVREF+ i [[] 5 33 [] -s—a- RB3,PGM
RA4TOCK! i [ 35 [] «t—in- RB2
RANANYSS wt—p-[] 7 A >4 [J ~=— RB1
RERD/ANS -t—p-[] 8 ~ 33 [] =—» RBOANT
RE1WR/ANS == 3 «Q 32 [ -a— op
RE2/CS/ANT -—s-[] 10 '{: 31 [] -— Vss
VDD ——e [ 11 X 0= ro7Pspr
VSS e [ 12 © 29 [] -+—- RD&PSPE
OSC1CLKIN ——=[] 13 6 23 [] ~—= RDSP3PS
OSC2CLKOUT [T 14 o 27 [] -+—= RD4PSP4
RCHTIDS0/TICK! o= [ 15 25 [] ~4—=- RC7/RX.DT
RC1T10SI/CCP2 - [] 15 25 [] =t RCETX/CK
RC2'CCP1 =[] 17 24 [] ~—- RCSDO
RC3/SCKeCL =+—- [ 13 23 [1-=— RC4:SDIISDA
RODNPSPO ~—a[] 10 22 [] e—s RDIPSP>
RD1:PSP1 === 20 21 [] - ROD2PSP2
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2.1.3 AUEUVAYDI PIC16F877
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o

" Figiunuy RISC (Reduced Instruction-Set) Simdald g 35 frda

= fadanilendaniiom 1892 cycle

" shanldqegail 20MHz (PIC16F877-20/P)

= dyaranimiva Tnualiidenldau
* Tnua RC MaasmulululasaouTnsamessuiladayanamin
- Tnun LP 9n3ameandanusm anwdigagalifiu 200 Kiz
+ Tnwa XT 1S ansannuiiaaus 100 KHz - 4 MHz
- Tnwa us a3 anoannudae gagalufu 20 Miz

" {10 waé’wﬁmm 5No3A [PORT A (6 bits), B (8 bits), C(8 bits), D(8 bits), E (3
bits)]

= miseawi Tusunsuiunuy Flash Svuia 8KWord (1 word=14 bits)

= 3 RAM U@ 368 bytes

= j) EEPROM U118 256 bytes

" 09100 Pipe-line ™1 o 1AMt RiisIde Fereh tag Excoute 18
WS oui

" peumuesTuB UMW AR 14 und

" §] stack W19 14 geqn 8 szdu

" ii5291 POR (Power On Reset), PWRT (Power Up Timer), OST (Oscillator Start-up
timer)

" §j5291 WDT (Watchdog Timer)

" 152U CP (Code Protection) Liaza1usnidenszaumsileanu’ld

" JiTvue Usenianaanu

= s lysunsuaaeiv +5 vbe 1@

" 1150 1USUATUIDY In-Circuit Serial Programming

= shandIidss 2 vbe 84 5.5 vbe

®  Current Sink t8& Current Source Y93 PORT i’)ljﬁ 25 mA

IS U

B 3 Timer/Counter 3 A7

Y

" 11111@,11 Capture/Compare/PWM 2 %A
" §J A/D Converter L1 10 bits 311494 8 ¥oa1iud1 Tudueq

" §52UU USART dmSums@easuuueynsy
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[ dy . r"{ v o S
" 1153UUGI§’J%§$®U'1WL§UQ BODEN (Brown-Out Detection) IW983149 UUIMUILYR

“Tfﬁg BOR (Brown-Out Reset)

2.1.4 Inssasamsmaumeluves PIC16F877

Program Data
Device FLASH Data Memory EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
FLASH <+ Program Counter ==
Program u
Memory RAM |
8 Leval Stack File h
(13-bity Registers
Program
Bus PORTB
Instruction reg
Diract Addr 7
7
f PORTC
"
Power-up N
A\v4 Timer =
4
Instruction Oscillator
Decode & K= | Start-up Timer :
corgrel Power-on ]
Resot 14
Timing Watchdog
Generation <= Timer PORTD
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset ﬁ
In-Circult -
Debugger o] e
'
Low-Voltage v
Programming Paralisl Slave Port ¥
L
re
PORTE
MCLR VDD, Vss
TimerQ Timeri Timer2 10-bit A/D
% . Synchronous
Data EEPROM CCP1.2 Serial Port USART

Note 1: Higher order bits are from the STATUS reaister.

SR

RAO/ANO
RA1/AN1
RA2/AN2VREF -
RA3/ANJVREF +
RA4/TOCKI
RAS/AN4/SS

RBO/INT
RB1

RB2
RB3/PGM
RB4

RB5
RB6/PGC
RB7/PGD

RCOT1OSO/TICKI
RC1/T10SVCCP2
RC2/CCP1
RC3/SCK/SCL
RC4/SDI'SDA
RC5/SDO
RC6/TX/CK
RC7/RX/DT

RDO/PSPO
RD1/PSP1
RD2/PSP2
RD3/PSP3
RD4/PSP4
RDS/PSP5
RD6&/PSP6
RD7:PSP7

| I4—=[X] REQ/AN5RD
e—=DJ RE1:ANGWR

44— RE2/AN7TS

3191 2.2 Taseadremsihaunielu PIC16F877
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siuuly 1lanavIvlg .
#amn oay 1!:::) Sivitlad swandoa
Oscillator crystal input/external clock source
OSC1/CLKIN 13 ] ST/CMOS input.
Oscillator crystal output. Connects to crystal
or resonator in crystal oscillator mode. In RC
0OSC2/CLKOUT 14 (0] — 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 I/0 port.
RAO/ANO 2 110 TIL RAO can also be analog input0.
RA1/AN1 3 110 TTL RA1 can also be analog input1.
RAZ2 can also be analog input2 or negative
RA2/AN2/VREF- 4 9 s analog reference voltage.
RA3 can also be analog input3 or positive
RAS/ANSIVREF+ 3 Vo Wy analog reference voltage.
RAA4 can also be the clock input to the
RA4/TOCKI 6 110 ST TimerO timer/ counter. Output is open drain
type.
RAS5 can also be analog input4 or the slave
RAS/SS/AN4 . Lo Mk select for the synchronous serial port.
PORTB is a bi-directional I/O port. PORTB
can be soft-ware programmed for internal
RBO/INT = e e i weak pull-up on all inputs. RBO can also be
the external interrupt pin.
RB1 34 110 TTL
RB2 35 110 TTL
: RB3 can also be the low voltage
RB3/PGM 36 110 TTL programming input.
RB4 37 /10 TTL Interrupt-on-change pin.
RB5 38 110 TTL Interrupt-on-change pin.
Interrupt-on-change pin or In-Circuit
RB6/PGC e R prLen Debugger pin. Serial programming clock.
Interrupt-on-change pin or In-Circuit
RB7/PGD ge o’ A LOSE Debugger pin. Serial programming data.
PORTC is a bi-directional 1/O port.
RCO can also be the Timer1 oscillator output
RCO/T10SO/T1CKI 15 /10 ST or'a Timer clock input.
RC1 can also be the Timer1 oscillator input
RC1/T10SI/CCP2 16 110 ST or Capture2 input/Compare2 output/PWM2
output.
RC2 can also be the Capture1
RC2/CCP1 17 licy ST input/Compare1 output/PWM1 output.
RC3 can also be the synchronous serial
RC3/SCK/SCL 18 /10 ST clock input/ output for both SPI and 12C
modes.
RC4 can also be the SPI Data In (SPI mode)
RC4/SDI/SDA 23 /1O ST or data 1/O (12C mode).
RCS5 can also be the SPI Data Out (SPI
RC5/SDO 24 110 ST mode),
RC6 can also be the USART Asynchronous
RCB/TX/CK 23 HO =il Transmit or Synchronous Clock.
RC7/RX/DT 26 e ST RC7 can also be the USART Asynchronous

Receive or Synchronous Data.

A1519% 2.1 5102DYAVDIV PIC16F877




siuasdua

PORTD is a bi-directional I/O port or parallel
slave port when interfacing to a
microprocessor bus.

PORTE is a bi-directional /O port. REO can
also be read control for the parallel slave
port, or analog input5. RE1 can also be write
control for the parallel slave port, or analog
input6. RE2 can also be select control for

the parallel slave port, or analog input7.

Ground reference for logic and I/0 pins.

Positive supply for logic and I/0 pins.

. FihY
sruuyde HilanasIvs
fam ) ":;" tinhinad

RDO/PSPO 19 /0 ST/TTL
RD1/PSP1 20 /0 ST/TTL
RD2/PSP2 21 1/10 ST/TTL
RD3/PSP3 22 110 ST/TTL
RD4/PSP4 27 110 ST/TTL
RD5/PSP5 28 110 ST/TTL
RD6/PSP6 29 1/10 ST/TTL
RD7/PSP7 30 110 ST/TTL
REO/RD/AN5S 8 1/0 ST/TTL
RE1/WR/AN6 9 110 ST/TTL
RE2/CS/AN7 10 110 ST/TTL

12
ES 5 P >

1
VDD 32 P —
NC —— -

These pins are not internally connected.
These pins should be left unconnected.

A13199 2.1 (AD) S108IBYAYBIVT PIC16F877

2.1.5 Mm3vdnassnannusllsunsuves PIC16F877

PIC16F877 32 UYUIAYDY Program
Memory #3019150819'1484 8K byte  Taw
PIC16F877 22UUUIANUIIANUIUNIAY 8 K x
14 bits FA UM Reset Vector 920471 0000k 1A

Interrupt Vector 92089 0004h

PIC 92u14 Program Memory sanilu

£ ' <} = L o o

Page %IUANY Page NIZAUUIA 2 Kbytes FIA1H3

CALL uag GOTO gwisadalv Program Counter
v [

nszlan ldur1dTug29 Page  mmiunaduile
Y £ [ &

ABIN1InNIe 1Ana1n Page Wileliadn Page nila
@ 3 =® 9 .

dauidedeslarugu PCLATH<4:3>  (Bit

' b4 ’

Address 1112 uag 13 195118 Page NApINS
a o d 2 o o W A

@enou a9 INIUINSURMIde CALL w50

GOTO A1udnN

| PC<12:0> [
CALL, RETURN 13
RETFIE, RETLW¥ [
/4
Stack Lewal 1
Stack Level 2
o
L
®
Sack Leve! 8
RESET Vector 629 Ch
¥ . —
° o~y
°
interrupt Vecier 0304h
0305h
F3320
07FFh
080 Ch
;a-}
Cn-Chip
e 3 CFFFh
temory 1900,
Page2
17FFh
1896h
3523
1FFFh

517 2.3 m3daassniienud1 Tsunsuves PIC16F877




A 1 o LY A aa 4
51800 Page YoInwaNnui Tsunsy szdoadonlussames PCLATH Tauns

seyAumiania 3 waziia 4

PCLATH<4:3> Page
00 0
01 1
10 2
11 3

@1519% 2.2 A1 PCLATH<4:3> 1un15180n Page 494 PIC16F877

4 awe & 4 2 N
iWoldmds CALL 11/ Routine 1A Routine nilanda ud9z 1481 RETURN lums
¥ » b4
nduluUdwmiady n1s RETURN adutiulidduiudesde PCLATH 1931189 Page fou
~ = ' o ' g ' ' o v o
niMegi5un CALL 1ws12A1 Address Asnanaezgninulilu STACK oguda uadmsumds

v b4 [ k4
GOTO 13a191Y Page 99ABIN9 IR PCLATH 31183 Page Hdnanisee lilnnass

2.1.6 M39Aa33HUIANNT 19030 RAM V04 PIC16F877
PIC16F877 finiaeanuiidoya RAM dinsuldaunaly 368 bytes aziisdemos
W4 8 bits 57 fa Aagil 2.4 udngBankTusIAgaga 128 bytes uatnis 19 1des e luudas

b4
~

v v
Bank a9 Tauluaag Bank 3In15daassnun @il

"  Bank 0 U9 Address 0x00-0x7F
v v
* Address 0x00-0x I F 1ifuiuiiTaines lud
* Address 0x20-0x7F (Huiuiivesnssennuirdoyadmsuldaunaly oe

bytes

®  Bank 1 3%79 Address 0x80-0xFF
* Address 0x80-0x9F (U UNYDIS s aa0s 1Wd 1ATi119 Address 139471
o3 A:‘ A ] o ¥ o [ 3 @
* Address 0xA0-0xEF (lluiufivesninennuiideyadmiuldaunaly so
bytes
*  Address 0xFO0-OxFF msﬁauﬁamﬁauﬁﬂu Address 0x70-0x7F GluBank 0
- . 2 .
woseliawisnlddoyanin Address 0x70-0x7F 1391091 Taolides

1Ay Bank



" Bank 2 {i%9 Address 0x100-0x17F

* Address 0x100-0x10F 1uiufives3aimns Ind uAfiung Address 1199

* Address 0x110-0x11F ﬁ]uﬁ?u‘ﬁmmwﬁ'wmmﬁw%’auﬂaﬁm%ﬂ%’amﬁﬂﬂ 16
bytes

* Address 0x120-0x16F Lﬁu“ﬁuﬁmmnﬁwmmﬁ]"ﬁ’fayaﬁmi"n“l%'amﬁ';"lﬂ 80
bytes

* Address 0x170-0x17F u33539oyamilounuly Address 0x70-0x7F 11 Bank 0
ool amsalddoyanin Addess 0x70-0x7F 1841080 Tnelaideq

1aeu Bank

" Bank 3 %79 Address 0x180-0x1FF

* Address 0x180-0x18F iuftufives3aimed Ina uAfiing Address T 15y

*  Address 0x190-0x19F Lﬂuﬁuﬁwmﬁwmmi‘iﬁ’fagaﬁmf?ﬂ%muﬁﬂﬂ 16
bytes

* Address 0x1A0-Ox1EF ﬁfluﬁuﬁmmwﬁwmmﬁﬁ’ff)gaﬁm%"U‘l%'ﬂuﬁ'a"lﬂ
80bytes

*  Address 0x1F0-0x1FF y339dayamilounuly Address 0x70-0x7F 1uBank 0
wogasliasalddoyaain Address 0x70-0x7F 1&d 1w Tnelidos

1oy Bank

1 o aa 4
M3tAen Bank vosutdea i deya RAM sedoadonluiiaaes STATUS Taons

sEyAWnUINa 5 uazla 6 (RPO, RP1)

RP1:RPO Bank
00 0
01 1
10 2
11 3

@15197 2.3 A1 RPO iaz RP1 1un15180n Bank ¥ed PICI6F877
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File
Address
Indirect addr{7 | 00h
THMRD 01h
PCL 02h
STATUS 03h
FSR 0dh
PORTA N5h
PORTB 06h
PORTC 07h
poORTD!! | 08h
PORTE') | 09h
PCLATH 0Ah
INTCON NBh
PIR1 0Ch
PIR2 00h
TMRIL OEh
TMR1H 0Fh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRI1L 15h
CCPR1H 16h
CCPICON | 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
CCPR2L 1Bh
CCPRZH 1Ch
CCP2COM | 1Dh
ADRESH 1Eh
ADCONOD 1Fh
20h
General
Purpose
Reqister
96 Bytes
7Fh
Bank 0

File
Address

Indirect addr{"| goh
OPTION REG| 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISG 87h
TRISD'Y | 8sh
TRISE!" | 89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
S 8Fh
B o 90h
SSPCON2 | 91h
PR2 9Zh
SSPADD 92h
SSPSTAT 94h
AR v ol LK)
9ch
TXSTA 98h
SPBRG a4h
e R 9Ah
9Bh
aCh
/ % 9Dh
ADRESL 9Eh
ADCON1 9Fh
AOh

General

Purpose

Register
80 Bytes Lin
aocesses Fih

70h-7Fh
FFh

Bank 1

File
Address
Indirect addr.C?| 10Ch
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTB 10€h
107h
108h
10%h
PCLATH 10Ah
INTCON 10Bh
EEDATA 10Ch
EEADR 10Dh
EEDATH 10Eh
EEADRH 10Fh
110h
111h
112h
113h
114h
115h
116h
&'enf;aﬂ 17h
s | sgen
16 Bytes 11%h
11Ah
1Bh
11Ch
11Dh
HEh
11Fh
120h
General
Purpose
Register
80 Bytes d
16Fh
accesses 170h
70h-7Fh
17Fh
Bank 2

E1 Unimplementad data memory lecations, read as O
* Mot a physical raqister,

Note 1: These ragisters are not implemented on the PIC16F876.
2: These registers ans reserved, maintain these registers clear,

File
Address
Indirect addr{”?| 180h
OPTION REG] 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
EE CON1 18Ch
EECON2 18Dh
Reserved® | 1SEh
Reserved® | 18Fh
190h
191h
192h
193h
194h
165h
196h
General 197h
Purpose
Reqister 198h
16 Bytes 199h
19Ah
19Bh
149Ch
149Dh
19Eh
19Fh
1ACh
General
Purposs
Redqister
90 Bytes 1EFh
aCO=sEES 1Foh
70h-7Fh
1FFh
Bank 3

314 2.4 masaassmisonnuifeya RAM unzdumisETmnos vo PICI6FSTT
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2.1.7 33@1m03 1AV PIC16F877

2.1.71 Fmmes Configuration word

fiW1A 14 bits By Address 2007h 1u Program Memory Iagniswiann
dinaduves pIC ﬂ:gﬂf‘imuﬂﬁwﬁwmm%mse‘f ai3192131 Enable/Disable Power-up timer,
Enable/Disable Watchdog timer, Oscillator Selection bits (ﬁmuﬂﬁmmmﬁmmwmmﬁm)
ﬂﬂwmm{hﬁﬁnmﬁaﬁyﬂzé’\'mﬁmuﬂ‘lwmzﬁwmiﬁﬂuiﬂiuﬂsnmi;j Flash Memory v®9
PIC

2.1.7.2 53a1mA03 STATUS

Aa P [~1 o
Lﬂu'ﬁ ﬂﬁmE)ﬁTﬂ%m'ﬂ%ﬂgﬁLLZTﬂQﬁﬂ']UZﬂ1TﬂN']‘N‘UBQ PIC16F877

RAN-D  RW-0  RW-D Rt R-1 RAW-X  RIW-X R
IRP RPt | RPG._| TO PD z e | ¢ |
Bit7 bit ©

71l 2.5 53cmed STATUS
1m7  IRP (Indirect Register Bank Select bit) 191390 Bank yewiaearwiidoya
RAM diol¥msdradumislasdou
1 = Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (O0h - FFh)
1in 6-5 RP1:RPO (Register Bank Select bits) 1§ifion Bank veanizuanmusdoya
RAM iipldmstradumiialagns
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
fin4  TO (Time-out bit) DALAAINIZAA Time Out 1 Watchdog Timer ¥4 1ATU
nafismua
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0= A WDT time-out occurred
1n 3 PD (Power-down bit) Dataraan1snia1u Inuadsendanaesiy
1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction
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fin2  Z (Zero bit) Wudawwanisnssifdanndinmeans
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
n 1  DC (Digit carry/borrow bit) 191anIn1snansetuszritandn
Tunséif1ds ADDWF w30 ADDLW
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
waznansmnduiuilenseidds SUBWE %3 SUBLW
00  C (Carry/borrow bit) 19uaasmsnansetuyesiin MSB
lunséifmds ADDWF n3o ADDLW
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
azuanImadusuiionss AT SUBWE nie SUBLW
2.1.7.3 Fames w iihi5mmesidunnnd sy mazlunsiszuanans
adiamans szdpInseiIrNdanes W uaduimihidusinanlumsduhuaniuzves
Output 1184 /O PORT Bndae
2.1.7.4 Program Counter (PC) l‘ﬂ'lﬁ%ﬁ Lﬂﬂ§ ﬁlﬁ‘y‘ﬁi‘fﬁ,i &1} Address ¥D3
Program Memory Tfndaiimsyszuaana Feosilu Counter ¥119 13 bits Taeia11udn
Counter FATIvIANAY 1 N9 afudlefmsyszutanamdaiat 1 nds Femfiuanaide
sumsvosmdane lfivzdhnsdseuiona uadiolszunafids JUMP §7 counter vziien
R TUMP vy
2.1.7.5 Stack Wumidoanuid1sesdmsuiua1ves PC via 13 bits 1ag
Audeyald 8 szdu TaAvdumisves pe dufiefidide CALL uazdsdumisiiiu3
pon'lUfs PC ioiisde RETURN Taomsiuseifiuiiy LIFO (Last In First Out)
2.1.7.6 PORTA, PORTB, ... I8 180112994 PORT 11147
2.1.7.8 TRISA, TRISB, ... 1¥M11UafifAN1990991909 PORT ﬁyuq nnla
$1%4 Input 150 Output Taedsmualiidlu 0 sziflu output S11% 1 92131y Input

2.1.7.9 33mme3 CCP1CON yay CCP2CON (iusimmnsaiuguiuga CCP1

18 CCP2 (Address 17h, 1Dh)
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U-0 U0 KRN0 RANVO RW-Q RO RAV-O RO

e R

[ ccPux | cCPxy | CCPxM3 | CCPxM2 ] CCPxMI [ CCPxMD |

Bit 7

Lt

317 2.6 33c1m0S CCPXCON

in 7-6 lildau oruaudlu «o»

1n 5-4 CCPxX : CCPxY ld1fuadad lanfavosFayann PWM 1u 2 Tade a9

1 3-0

WioTuga ccpx lasumstmualiieululnue PwM daudeya 8 Sauu

22199103 9a1m05 CCPRxL

CCPxM3:CCPxMO Tdaennissiiaiuyesluga CCPx

“0000” _
“0100” 4

“0101”_

“01 10” o

miady.

u1000” -

“1001” o

“1010” -

“1011” -

ul lXX” -

nyanIollamsiuvesluga cepx vl Tuga cCpx ifaSiwn

o

Wanulunyansnivdyaa Taoasieduinng veuviasves

o

auuIn

[ ]

o [

v b4
o luInuaasnivdyyin Tnons199uinng veuvIvuas
GRIGTGN
o v o oo £ 4
e luInuansdudygyin Tasaseiuhnng veuvvud 4
VDI YRy 10

[l 9y
o

mauluInuaasntudyyia lasasnnduiingng veuniud 16

YDIT QY I0

o = a 9 F% 2 =) k4

Wy nuanlsouiendoya udmanisnlsvuioudiomsea

o 4 (-

IaWmeIi (CCPXIF 9217m)

o =) [ y Y ~ ~ £y

maulunuanoumeudeya udawanmisilsouifioudlons
o g s A4 4w

NAYIIDIANAUDININU (CCPIF 1%6)

° =1 ~ Y & [ 1w o a Jdo | &

Mol nuanfssuieudoya iweauminueziinsdumessla

(CCPXIF azt@ uaan1uzi CCPx vz 1 lasunansznu)

o a ~ kY A ) VW o o a

maululnyanlSeunoudeya Weaunidugiinsiuia

a da . .

aﬂgfgwmmxé'um@;mimwmy Trigger Special Event (CCPxIF 3%

wa uaaa1uzn ccPx vz lulAsunanszny uaziinisSwan

TMR1)

Hawlu Tnuaadredaans PWM
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2.1.8 myhnululnun PWM
Tuga CCPx ﬂ:ﬁnﬁﬂﬁﬂ;npmnagna%umamwm%’nﬁacﬁ(Pulse Width Modulation:
PWM) AIN0SDUA 10 Un deyeyisi PWM fad 19tz deesnniavt Re2CCP Mo
RC1/T10SI/CCP2
2.1.8.1 KanMsad daNa PWM
1. fmmuamliursSmaes PR2 Wedmuamunavesdyain PwM
2. fmuamadi lafia Tauisudoyansluidanes CCPRxL saufiy
1n 5-4 Y093 3e1ABS CCPXCON
3. fmualdvmesa RC2/ccPt nie RCUTIOSVCCP2 1iluiosing
Woidumseenvesdyain PWM Taumsindodiind 2 uie 1 voq
3303 TRISC
4. SwmuaanfSmnamesves TMR2  uazBunudanisiiamves In
wes2

5. dmualluga ccpx hamluTnus PWM

Dy Cyste Pogiters e CORICTH= 4>

CIFRIL !

l COPRIH [Siave ) ]
<L ACZTLA

Corpanator & g

Ac

TIR2 Imote 1

Compaeaior TRISC<2>
Cloar Tamer

4]

Bote 1: The B-Lit timer & oonoatenated wih 2-Gt inderna: O
doch, of 2 i of the prasialer o oreate (008 tme

baze

311 2.7 msfinuvesluga CCP1 iNeadudyanal PWM

[

' v ' v ¥
1IN3UN 2.7 wag 2.8 Muinluga CCPx 1511191UAIWDY TMR2 aifuT UMY
v v
PR2 fivmesa RC2/CCP1 Mi® RCI/TIOSI/CCP2 931iinnedn “17 uazAIanIuzogiruiLy
Y [ a 7 a o a d? ] [ z 1" a d” a Ao EY
13971909 TMR2 giadesuazsuiumuanlvl ndseniuaiain lsnansimua 13l

33maes CCPRxL uaz 2 1nlu CCPxCON vzgaaionoa’liliis CCPRxH waz 2 fialy
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wiwanuiirsienSoufoufum i TMR2 nazaS ainaiaed 2 in c‘fmﬁumﬁu(émq
wﬂizﬁuﬁ'a%y’aﬁya 2 ngquimifiu vedsdyann 1y drlduwesa Re2/ccpl wie
RC1/T10SI/CCP2 Aduniiiuaedn «0” uazmﬂmu:agnsﬁmfmuﬂszﬁaﬁwm TMR2 111U
PR2 BnAYe fziRadyanmandn 17 WumsiSudusenindvesduain uazeziinuim

Y v b4
@UNIUNTENIUNSAdBIDA

. Period .
— 1 1 I~
m Cycls §

T TMRZ=PRZ

THMR2 = Duty Cycia
MR2 » PR2

{ td @
317 2.8 ILMWAVRITYANY PWM

1 a dy a o ~ 9 g dy P EY
AR lrRavesdag1s PWM Naswiuliamnsonlasumadidnaoanar 91nms
ildsun1f CCPRxL uag 2 Jalu CCPXxCON uam1unsn1uamsonuszdsunaslyld
' ° ° 1 a o ' : o
Wwnezngam s udamnuamvesmuiiaiasluiImans PR2 Iny dafudyaa
a 9 d? X o 1 a dy a 3 £
PWM Nar31edudsaunsonimuaniadn lana laniuanudosms
2.1.82 MIsmnuamuIvesdya s PWM i ld lasmsiloudeyaasly
a a o 4 o 1 o 1
S3oume3 PR2 Gammesmunaived Inwes 2) udnim1ves PR2 1A 1U3amIA 1A U0 1904

Ty PWM
AILABNAY I8 PWM = (A1 I5TaR05 PR2 +1) x 4 x T, x mifFmnamesves TMR2

Taoll Ty Ao MunawesdygIsuIRnmantinitoiiuiui

E4
1 a J o o a
A lusimweiimuadinluglveuavgudy
ANUDVONTYY I PWM = 1/mUIa1veNdya 1l PWM

o 1A el a [ o F2 ~ £
2.1.8.3 M3MnUAMAIR IBDave TR I PWM Wld lasmsioudoyaly

@ a 1 v a a 4 o o
§959e1m05 CCPRXL 320 U1in 5-4 ¥0933e197193 CCPxCON Ml aunsofmuanuazidun



driinvpayAna 19 NIzIBUNA IR IMNIZI i

=< a

yoadqya i PWM 1dgegaie 10 O Tao 8 Tavussladoyaluiianes cCPRxL daulu 2

Q 9

dnarelddeyaluiin 5-4 ¥es33amns CCP1ICON
A7 lunavody g PWM = (CCPRIL:CCPICON<5:4>) ,, 5. % Tose

Taofl T, Ao MunmvesdyaiaAnmmaninioiuiui
1 aa 4 g o a
mlusvaeesnanuadan lugdvouavg iy

b4
2.1.8.4 ANNAIBIAvBITANY PWM wiusgiudnilsainamesvealn

Q[

v
s

4 { [ v o Jdo { o 4
wos 2 luvasianuazipeagigavoIdynIn PWM sgdunusnuanudnnvus awd

[ a 1 AP 4
YoIdIUUIRN UazA1lImnames

( o )

log

AN aERe [T) = frwpa® M
log 2

Taoft £, Ao AnudvesdyaauRmuaninuaaiiu iz

el

£ AD ANUDYD TR PWM Sintiuiiiu Hz

N Ao afSanames tulnwes 2

o =

4 v d 1w
dygn PWM asiinnuazidoagigailionvedts amnamesiminy 1

ANNDVLIT YA I PWM
122 4.88 1953 | 78.12 | 1563 | 2083
(kHz)
mlSmnaes (1, 4, 16) 16 4 1 1 1 1
A39a1ADS PR2 FFh FFh FFh 3Fh 1Fh 17h
ANVazdEAgIa (n) 10 10 10 8 7 5.5

A13197 2.4 A0 NVIAANNDUAZANNAZIDIAYBITYY I PWM fin1ud 20 MHz

62024
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a ¢
2.2 3lay

Sind WugdnsaldmihiduaiasiFlumsaiuguiees i dedenanvae

YV o ) ¢
2.2.1 Inssasamsiauvessiad
Tnseasrameluves Sid szalszneulidaovenadn (Coi) 1 ya wazwiduia
T I T
(Contactor) ﬂﬁgﬂ‘ﬁ 2.9 F9vz1sznou A
U o/ an é a 4 1 |
" wihdudauuulnia (Normally Close 150 NC.) #aluaniazdnid vitlazaooy
NUVITIY (Common)
Y o o a =) J 1 Y w [
B yindunauuudn@ie (Normally Open #1358 NO.) 911192 A0td1A1Uv13 7%

(Common) iovaaiaiissnunnnsoy vsonseua Inaru (JulSuanmome)

a a ¢ w A Y v w 1 uly ' ) VY A
Iﬂﬂ'ﬂ 1”31@5 1 @I DIVUHUUITUNTUINNI 1 ‘Igﬂ A IYU 2 clgﬂ 4 ‘lgﬂ Llﬂjllﬁﬂwﬁﬂ
A
=) NO
NC
B

: }u 75

! 9 P
3% 2.9 Taseariavessiad
¢£’ Yo [ 1) o YA ] é
HoUAaIN AT LTI UANATEN (VT A uaz B) sz ldiinszua Ivaniuvaadn 599s

o a o 1 =3 9 Y o @ a  w
Mldinasnvauuutiman galamihduda NO uaz C Aanu

2.2.2 NANSABUAHDY
-~ I'd d'd‘d [~ o 5 (=" d a [ 3 9 [
Tad Wuginsaintinnud lumsiiaudi wuSadsiausadiuem (NIgAUYARIA 1]
a o o 1A
w24 V) azldanTumsiaulszina 10 - 50 mS uazSindvualng Aldarunuuainss

v
TuTsenugamunssuiu o1 lFnarlumsiinuuinn 100 ms iR
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2.2.3 HANIETNUING 1IBIHKEND

a ¢ ¢ 1 g . . o o a ¢
5108 1ugunsalisimAn (Magnetic Device) fatiumsynamvessiades lsuniunms
o L4 9 ~ as v
Hramveanes lulasnouInsawes msud luiina1w33 wu
Jd A o [ 1 o [ r'd
B ugnns12a A0 N15ILENns1AveIurans Iidmsuisas lulasaeuInsatans
) 1 L4 v Jd
uazumasae nszduiind eonsniulayl¥gilnsel Optocouplers
d =} o 1 = 4 -4
B ugnuesa A0 NISHENNITRIIUINEIUYDI299551a0 oonldvinuesa
Jd Y o = I'4
TuTasnouInsames udwimsyan
[y Y A a o A S a - 4
" aauinausaaunszgu ae msiasudisiad wwldsuninsiadvinag 24 v iy

YU 12V

2.3 waees Ilthnszuaasa

2.3.1 Inssaemsianuveseimes IWvhinszuansa
\ ¥ o Qo A 4 o/ { 1
vowmesvznyunaeiie 18 uns Wi suidedlounssiuTrasadrfuds e o

a ] @ ] <3 o a o
Lﬂﬂﬂixuﬁul?‘iﬁWTuﬂlﬂﬁ')ﬂﬂﬂﬁu'ﬂJlmLWﬁﬂ ‘nﬂﬁlﬂﬂuswaﬂiﬁ’wmﬂmgu

When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the
DC motor

Magnetic force

Electric 0 F={LB
current supplied Beipandi
externally through %’ taoc So‘fr?m czj;z:;lar
a commutator magnetic field

A o & v s
g‘ﬂ“ﬂ 2.10 MINMANUIUDIAUUDIUDIANDT
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A a g :ay b4
VUINVDILTINNATUTI Y 1d 070
F = Bil
A da d w o & o o w
e F = U33MNavUUUAIHIN LAY (HIN)
) [ [~
B = AU UILHUEUINLIIYIAN (maan)
i = nyzuai valudni (woumls)
1= AU 12UD9R1N (tumy)

4 E4
& ] {

i a Y @ ] < { @ o 3
159 F Mifavuil azog lunuahdsminduauisutman waznszuanduludniniug

De

a 4 @ o ' @ o a
Tag ADNUUALM DT (Commentator) Lflumﬂﬂﬁmzuﬁ"lwamumu1“11J°lu°nﬁm«ﬁm¢1aﬂﬂnm

y\: ] < v ;’f P o Y a a a a @ v 1 A
ma‘immwmammazm °IN‘]f’JU‘VlﬂW.ﬂﬂLLﬁQ‘Uﬂvl‘ﬂ‘luV]ﬂ‘Y)NLﬂU’JﬂHBU']WIfJLUEN

2.3.2 msvunemas Iihnszuansa

E4
TumslFluTasnouTnsmesilludmmununisnyuvesiemes Iufhnssuans oty

1 4 U v o 1 v a
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3.4 Relay Board

3.4.1 ngilszasn

Relay Board ilumisiszynaldam piciers77 o ldlumsasuqunsinuvog
Relay Famunsonir 111z Tomflumsaunuases I Idnarnnas wh 14duedadg 19

J a a o 4
Tumsmnguasu Insandrvesszuuiiuwdnd wieldlumsaunguuemes

3.4.2 Iassaaazm iy

4 = s 1 [~ . . ° ¥

iiosnniiadiiugUnsaiinimin (Magnetic Device) S8 uiudedimsuonning e
] ° Jd

Til¥sunaumstheamvesluTninouInsames Taun1314 Optocouplers Tumsuonieesimad

s Y . ° 9 Y
2oN9IN2995903 luInsneu Insaiaes uazld Transistors imthilvenonszua Tumsnszdu
d o Y ] ] o h R o 4
vanIAvedsiad dimsulalon NneasonvaaIAveITIad (free wheeling diode) MIMTHT

flosfunssdu Iihaldd iiosvnnszualuvamavessiadvya lnaviufivila

V+
+12V
RELAY
p—— R1 £ INE
2 AVAVAY ¢
3 4K7 2 =
4
5 2 R5 L‘N’—*
8 AN
8 ' 1K RELAY
4K7 ) 2 2=
1 re S
" 1K RELAY
'\'/?\?\r £ i &
4K7 ! 2 L2
M R7 4
AVAVAY,
1K RELAY
'\5\‘}\! 4N > PR
4K7 y 2 2z
) R8 L_"._‘
NN
- 1K
\V4 GNDDIGITAL L onp

31/71 3.4 2395909 Relay Board -



27
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Tis1ns3 ASSEMBLY 2395 7-Segments

L g s

HUYHU 4 Hian bsf STATUS,RPO
list p=161877 moviw 0x00
#include <p161877.inc> movwf TRISB

moviw b'11110000'
__CONFIG _CP_OFF & _WDT_OFF & movwf TRISA
_BODEN_ON & PWRTE ON & bef STATUS,RPO
_HS OSC & _WRT_ENABLE_GN &
_LVP_OFF & DEBUG_OFF & moviw b'11111111'
_CPD_OFF movwf PORTA

cirf  DIGITO
CBLOCK 0x20 - ‘ cIrf  DIGIT1

clrf DIGIT2

DUMMY cIrf  DIGIT3

DUMMY1 goto Incl
DUMMY2
DUMMY3 ‘ Table addwf PCL,f
DIGITO retlw  0x3f
DIGIT1 retlw  0x06
DIGIT2 . retlw ; 0x5b
DIGIT3 retlw  Ox4f
Tetlw  0x66
ENDC retlw  0x6d
retlw  0x7d
ORG  0x000 retlw  0x07
clrf PCLATH retlw  0x7f
retlw  Ox6f
clrf PORTA return
movlw 0x06 Incl call Delay

movwf ADCONI1 movlw 0x09



Inc2 ‘

Inc3

Inc4

subwf{
btfsc
goto
incf

goto

cirf
movlw
subwf
btfsc
goto
incf

goto -

clrf
clrf
movlw
subwf
btfsc
goto
incf

goto

clrf
clrf
clrf
movlw
subwf
btfsc
goto '

incf

DIGITO,w
STATUS,Z
Inc2
DIGITO,f

Incl

DIGITO
0x09
DIGIT1,w
STATUS,Z
Inc3
DIGIT1,f

Incl

DIGITO
DIGITI
0x09
DIGIT2,w
STATUS,Z
Inc4
DIGIT2,f

Incl

DIGITO
DIGIT1
DIGIT2
0x09
DIGIT3,w
STATUS,Z

Clear

DIGIT3,f

Clear

Disp

goto  Incl

clrf DIGITO
clrf DIGIT1
clrf DIGIT2
clrf DIGIT3
call Delay

goto  $-1

movf DIGITO0,w
call Table_
moM PORTB
movlw b'11111110'
movwf PORTA
call Delay?2
movlw b'11111111°

movwf PORTA

movf DIGIT1,w
call Table_
movwf PORTB
movlw b'11111101'
movwf PORTA
call Delay2
movlw b'11111111’

movwf PORTA

movf DIGIT2,w
call Table_
movwf PORTB

movlw b'11111011"'



Delay

Delayl

Delay2

Delay3

END

movwf PORTA
call Delay2
movlw b'11111111"

movwi PORTA

movf DIGIT3,w
call Table_
movwf PORTB

movlw b'11110111'

movwi PORTA

call Delay2
movlw b'11111111'
movwi PORTA

return

cirf DUMMY
call Disp
decfsz DUMMY,f
goto  Delayl
return

movlw 0x01
movwf DUMMY1
cirf DUMMY2
decfsz DUMMY?2,f
goto  §-1

decfsz DUMMY1,f
goto  Delay3

return



TaJ5uns3 ASSEMBLY 29933 1a8n705

Aansfduenes Delay

list p=161877

#include <p16f877.inc> Delay2
‘ Delay3

__CONFIG _CP_OFF & WDT_OFF &

_BODEN_ON & PWRTE_ON &

_HS_OSC & WRT_ENABLE _ON &

_LVP_OFF & DEBUG_OFF &

_CPD_OFF

DUMMY1 equ 0x21
DUMMY2 equ 0x22

DUMMY3 equ 0x23

ORG 0x000

cirf PCLATH
cirf PORTB

bsf STATUS, RP0

movlw 0x00

movwf TRISB

bef STATUS,RP0
loop moviw b'00000010’

movwf PORTB

call Delay

movlw b'0000011"

movwf PORTB

call Delay

goto  loop

END

movlw 0x8f

movwi DUMMY1

cirf
clrf
decfsz
goto
decfsz

goto

decfsz

goto

return

DUMMYZ
DUMMY3
DUMMY3,f
$-1
DUMMYZ,I
Delay3
DUMMY1,f

Delay2



Ti/sunsu ASSEMBLY 23930209

2
AN INTNeIN0S laaluga PWM

list p=161877

#include <p16f877.inc>

__CONFIG _CP_OFF & _WDT_OFF &

_BODEN_ON & PWRTE_ON &

_HS_OSC & WRT_ENABLE_ON &

_LVP_OFF & DEBUG_OFF &

_CPD_OFF

DUMMY1  equ
DUMMY2 equ
DUMMY3 equ

DUTY equ 0x24

ORG

clrf
cirf

bsf

movlw

movwf

bef
cirf

bsf

movlw

movwf

bef

bef

0x21
0x22

0x23

0x000
PCLATH

PORTC

STATUS, RP0
b'11111000'
TRISC
STATUS,RP0
CCP1CON
STATUS,RP0
Oxff

PR2
STATUS,RP0

CCP1CON4

Check0

Checkl

Check2

Check3

Check4

Check5

Check6

Check?7

bef CCP1CON,5
movlw 0x00
movwf CCPRIL
movlw b'00000010'
movwi T2CON
clrf TMR2
movlw b'00001100’
movwf CCP1CON

bsf T2CON,2

call Delay200

btfsc ~ PORTC.4
goto  Incl

goto  §-2

btfsc PORTC4
goto  Inc2

goto  $-2

btfsc PORTC,4
goto  Inc3

goto  $-2

btfsc PORTC,4
goto  Inc4

goto  $-2

btfsc PORTC,4
goto Inc5

goto  $-2

btfsc PORTC4
goto  Incé

goto  $-2

btfsc PORTC4



Check8

Check9

Check10

Incl

Inc2

Inc3

Inc4

Inc5

goto  Inc7

goto  $-2

btfsc PORTC4
goto  Inc8

goto  §-2

~btfsc  PORTC4

goto Inc9

» goto  $-2

btfsc PORTC,4
goto . Incl0

goto  $-2

movlw 0x1a
movwf CCPR1L
call Delay200
goto  Check2
movlw 0x33
movwf CCPRIL
call Delay200
goto  Check3
movlw 0x4d
movwf CCPRIL
call Delay200
goto  Check4
movlw 0x66
movwf CCPRIL
call Delay200
goto  CheckS
movlw 0x80
movwf CCPRI1L

call Delay200

Inc6

Inc7

Inc8

Inc9

Inc10

Delay200

Delay2

Delay3

goto  Check6
movlw 0x99
movwf CCPRIL
call Delay200
goto Check7
movlw 0xb3
movwf CCPRIL
call - Delay200
goto  Check8
movlw 0xcc
movwf CCPRI1L
call Delay200
goto  Check9
movlw 0xe5
movwf CCPRI1L .
call Delay200 ‘
goto  Checkl0
movlw 0xff
movwi CCPRI1L
call Delay200
btfsc  PORTC,4
goto  Check0

goto  $-2

movlw 0x0a
movwf DUMMY1
cirf DUMMY2
clrf | DUMMY3
decfsz DUMMY3,f
goto  $-1

decfsz DUMMY2.f



goto  Delay3
decfsz DUMMY1,f

goto  Delay2

return

END
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

- PIC16F873
- PIC16F874

* PIC16F876
* PIC16F877

Pin Diagram

Microcontroller Core Features:

High performance RISC CPU
Only 35 single word instructions to learn

All single cycle instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle
Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

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

Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection
Power saving SLEEP mode
Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ (ICSP) via two
pins

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

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

High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

PDIP
MCLR/VPp —=[] 1 L 40 [1 =—= RB7/PGD
RAO/ANO <—-E 2 39 [] =—= RB6/PGC
RA1/AN1 <—[] 3 38 []<—s=RB5
RA2/AN2/VREF- «—[] 4 37 [] =— RB4
RA3/AN3VREF+ <—s[] 5 36 [] <—» RB3/PGM
RA4/TOCKI <—s[] 6 35 [J] =—e RB2
RAS/AN4/SS <—[] 7 - 34 []=— RB1
REO/RD/AN5 <—[ 8 I~ 33 []-=—s RBO/NT
RE1WRIANG <—[] o D pO<-—yvoo
RE2/CS/AN7 <—=[] 10 ,': 31 [J -— Vss
VDD ——s [] 11 I‘ﬁ 30 [] =— RD7PSP7
Vss — o []12 © 29 [] <—= RD6/PSPS
OSCH/CLKIN —= [ 13 ‘6 28 [] =—» RD5/PSP5
OSC2/CLKOUT «——[] 14 & \X [] <—s RD4/PSP4
RCO/T10SO/T1CKI <—[] 15 26 [] =—s RC7RX/DT
RC1/T10S)CCP2 <+—[] 16 25 [] -— RCETXCK
RC2/CCP1 <—s[] 17 24 [] <—s RC5/5DO
RC3/SCK/SCL =—=[] 18 23 [] =—= RCA4/SDI/SDA
RDO/PSP0 «+—=[] 19 22 [[] =+—= RD3/PSP3
RD1/PSP1 <—[] 20 21 [] =—s RD2/PSP2

Peripheral Features:

. 'ﬁmerO: 8-bit timer/counter with 8-bit prescaler

~+ Timer1: 16-bit timer/counter with prescaler,

can be incremented during SLEEP via external
crystal/clock

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

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

 10-bit multi-channel Analog-to-Digital converter

e Synchronous Serial Port (SSP) with sPI™ (Master
mode) and 1°C™ (Master/Slave)

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

~ detection

* Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
» Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology/Inc.

DS30292C-page 1



PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
; Program Data
Device FLASH Data Memory EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
18 DataBus- 8 PORTA
inon || Program Gourer] r .
RA1/AN1
Program
Mce)r?'vory RAM \_,.> RA2/AN2/VREF-
8 Level Stack . ‘W l4—e RA3/AN3/VREF+
(13-bit) Reqlers RA4/TOCKI
RAS5/AN4/SS
Program
Bus ¢ RAM Addr) 43 o EORTE -~
Instruction reg Eg;
—
II Direct Addr 7 RB3/PGM
RB4
RB5
RB6/PGC
RB7/PGD
8
= PORTC
RCO/T10SO/T1CKI
I/ e I
imer
: RC3/SCK/SCL
Instruction Oscillator
Decode & Ki—=>1 | Start-up Timer RC4/SDI/SDA
Control 5 RC5/SDO
e RC6/TX/CK:
) WR:::‘ RC7/RX/DT
iming 'atchdog
Generation [<—] Timer PORTD
OSC1/CLKIN Brown-out = RDO/PSPO
0SC2/CLKOUT Reset » K Perk
In-Circuit 2 RD2/PSP2
Debugger J RD3/PSP3
Low-Voitage RD4/PSP4
Programming Parallel Slave Port <, gggﬁggg
RD7/PSP7
' - _PORTE
MCLR VDD, Vss ; [X] REO/ANS/RD
= DX RE1/AN6/WR
X RE2/AN7/CS
Timer0 Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

DS30292C-page -6 : : © 2001, Microchip Technology Inc.



PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION

DIP | PLCC | QFP | VO/P Buffer

Pin Name Pin# | Pin# Pin# | Type Type ~ Description
OSC1/CLKIN 13 14 30 | STICMOS® | Oscillator crystal input/external clock source input.
0SC2/CLKOUT 14 15 31 o — Oscillator crystal output. Connects to crystal or resonator

in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
'| denotes the instruction cycle rate.

MCLR/VPP 1 2 18 1P ST Master Clear (Resst) input or programming voltage input,
: This pin is an active low RESET to the device. '

PORTA is a bi-directional /O port.

RAO/ANO 2 3 19 1/0 TTL RAO can also be analog input0.

RA1/AN1 3 4 20 110 TTL RA1 can also be analog inputi.

RA2/AN2/VREF- 4 5 21 1/0 TTL RAZ2 can also be analog input2 or negative
analog reference voltage.

RA3/AN3/VREF+ 5 6 22 110 TTL RAS3 can also be analog input3 or positive

i ) analog reference voltage.

RA4/TOCKI 6 7 23 110 ST RA4 can also be the clock input to the Timer0 timer/
counter. Output is open drain type.

RA5/SS/AN4 7 8 24 e} TTL RAS can also be analog input4 or the slave select for

the synchronous serial port.

PORTB is a bi-directional I/O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.

RBO/INT 33 36 8 110 TTLSTM RBO can also be the external interrupt pin.
RB1 34 37 9 110 TTL
RB2 35 38 10 1/0 TTL ;
RB3/PGM 36 39 11 110 TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 1/0 17 §Pe 4" Interrupt-on-change pin.
RB5 38 42 15 110 TTL Interrupt-on-change pin. )
RB6/PGC 39 43 16 116 TTUST®R Interrupt-on-change pin or In-Circuit Debugger pin.
’ Serial programming clock.
RB7/PGD 40 44 17 110 TTUSTR Interrupt-on-change pin or In-Circuit Debugger pin.
: Serial programming data.
Legend: |=input O = output 1/0 = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when' used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/0O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS30292C-page- 8 © 2001 Microchip Technology. Inc.



PIC16F87X

TABLE 1-2:

PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

S — DIP | PLCC | QFP | VOIP Buffer Bsasiotien
tn Nam Pin# | Pin# | Pin# | Type Type escriptio
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI | 15 16 32 110 ST RCO can also be the Timer1 oscillator outputora
Timer1 clock input.
RC1/T10Sl/ICCP2 16. 18 35 110 ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 110 ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 W |- ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RCA4/SDI/SDA - 23 25 42 110 ST RCA4 can also be the SPI Data In (SPI mode) or
data I/0 (12C mode). _
RC5/SDO 24 26 43 110 ST RCS5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 25 27 44 110 ST RC6 can also be the USART Asynchronous Transmit
’ or Synchronous Clock.
RC7/RX/DT 26 29 1 110 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 110 STATL®
RD1/PSP1 20 22 39 110 STATL®)
RD2/PSP2 21 23 40 1/0 STATL®
RD3/PSP3 22 24 41 /0 STATL®)
RD4/PSP4 27 30 2 10 sSTTLR®)
RD5/PSP5 28 31 3 110 sTATL®
RD6/PSP6 29 32 4 110 STATLR)
RD7/PSP7 30 33 5 110 STATL®)
PORTE is a bi-directional 1/O port.
REO/RD/AN5 8 9 25 110 STTL® REO can also be read control for the parallel slave
\ 2 port, or analog input5.
RE1/WR/ANG 9 10 26 110 STTTL® RE1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/AN7 10 1 27 10 STATL® REZ2 can also be select control for the parallel slave
Y port, or analog input?.
Vss 12,31 13,34 6,29 P — Ground reference for logic and I/O pins.
Vbbb 11,32 | 12,35 7,28 P — Positive supply for logic and /O pins.
NC — 1 1,17,28, | 12,13, — These pins are not internally connected, These pins
40 33,34 should be left unconnected.
Legend: | =input O = output I/O = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 2001 Microchip Technology Inc.
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PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory "have separate buses so that concurrent
access can occur and is detailed 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,
(DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
r PC<12:0>
CALL, RETURN 13 g
RETFIE, RETLW F
Stack Level 1
Stack Level 2
y
°
L J
Stack Level 8
RESET Vector 0000h
L ]
° <}-_'——_—
°
Interrupt Vecior 0004h
0005h
Page 0
07FFh
0800h
Page 1
On-Chip .
OFFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
\ 1FFFh

2.1 . Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have 8K 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 vector
is at 0004h. '

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
| PC<12:0> ]
CALL, RETURN 13
RETFIE, RETLW ~
Stack Level 1
Stack Level 2
o
L]
(]
Stack Level 8
RESET Vector 0000h
5
@ o <}———_
L ]
Interrupt Vector 0004h
0005h
On-Chip Page
Program 07FFh
Mémory 0800h
. Page 1
OFFFh
1000h
1FFFh

© 2001 Microchip Technology: Inc.
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PIC16F87X

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank select bits.

RP1:RPO ' Bank
00 0
01 1
10 2
1 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

~Note:  EEPROM Data Memory description can be
—no-found in Section 4.0 of this data sheet.

2241 GENERAL PURPOSE REGISTER
FILE '

The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR).

DS30292C-page 12
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FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File _ File
Address Address Address Address
Indirect addr.(") | ooh Indirect addr.)| goh Indirect addr.) | 100h Indirect addr.?| 180n
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h © .1 105h SRS 186h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h . - 107h SR 187h
PORTD!) | 08h TRISDM | 88h , 108h et 188h
PORTE(™ | 09h TRISE | 8oh - 108h e 18%h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh | Reserved® | 18Eh
TMR1H OFh o 2 -8Fh EEADRH 10Fh - Reserved® | 18Fh
T1CON 10h e T W] -90h 110h 190h
TMR2 11h SSPCON2 | 91h : 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD .| 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRI1L 15h itie i 8 " O8h 115h 195h
CCPR1H 16h 96h 116h . 196h
CCPICON | 17h o L7 iy "L | o7h Re0aN! ¢ TXIT g:n%f:g 197h
RCSTA | 18h TXSTA | 98h Registor | 118h Registor | 196
TXREG 19h 9%h 16 Bytes | 119h 16 Bytes 19%h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh o : 9Bh 1 11Bh 19Bh
CCPR2H 1Ch e 11Ch ] 19Ch
CCP2CON | 1Dh e w1 '9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO | 1Fh ADCON/1 9Fh 11Fh : 19Fh°
' 20h AOh 120h 1AGh
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes EEH 80 Bytes 1&Fh . 80 Bytes 1EFh
accesses Foh - accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Unimplemented data memory locations, read as '0’.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F876.
'2: These registers are reserved, maintain these registers clear. -

© 2001 Microchip Technology Inc: DS30292C-page 13
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222

SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

given in Table 2-1.

peripheral features section.

The Special Function Registers can be classified into
two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

Note 1:

Shaded locations are unimplemented, read as ‘0.
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.

2: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

3: These registers can be addressed from any bank.

4: PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0.
5: PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Detalls
Address Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit0 POR, on
BOR page:
Bank 0
00ht INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000| 27
01h TMRO Timer0 Module Register XXX XXXX 47
02h® PCL Program Counter (PC) Least Significant Byte 0000 0000| 26
03n® | sTATUS RP | RP1 | RPO | TO | PD z | bc | ¢ 0001 1xxx| 18
| 04n® FSR Indirect Data Memory Address Pointer xxxx xxxx| 27
05h PORTA s | S | PORTA Data Latch when written: PORTA pins when read --0x 0000 29
06h PORTB PORTB Data Latch when written: PORTB pins when read KKK XHKX 31
07h PORTC PORTC Data Latch when written: PORTC pins when read KXKK XKXKX 33
08ht¥) PORTD | PORTD Data Latch when written: PORTD pins when read oo xxx| 35
osh® | PORTE sl Sedesasedbeng o [ 7] REZ [ REY | REOD |--.- xxx| 36
0Ah!3) | PCLATH » o= o= | Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
oBh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x| 20
och PIR1 PSPIF"’ ADIF RCIF_ TXIF SSPIF__| CCPIIF_| TMR2IF | TMR1IF | 0000 0000| 22
0Dh PIR2 =i (5) | =< | EEF BCLUF | —- | i~ | cCP2F [-r-0 0--0| 24
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 Reglster XXXX XXXX 52
OFh TMR1H Holding reglstef for the Most Significant Byte of the 16-bit TMR1 Register XXXK XKKX 52
10h T1CON — = ] Tickesd | T1ckPso [ T10sceEN | TisYNC [ TMR1CS | TMR1ON | --00 oooo| 51
11h TMR2 Thnefzuod(HeReglster 0000 0000 55
12h T2CON ~| Toutrs3 | TouTPs2 | TouTpst [ TouTPso | TMR20N [ T20KPS1 [ T2CKPS0 | -000 0000| 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx| 70,73
14h SSPCON wcoL | sspov | sspeN | ckp | sspm3 | sspmz2 | ssem1 [ ssPMo |oooo oooo| 67
15h CCPR1L Capture/Compare/PWM Register1 (LSB) XXXX XXXX 57
16h CCPR1H Capmre/Compare/PWM Register1 (MSB) AAXKX XXXX 57
17h CCP1CON — | = | ccpix | ccp1Y | ccPiM3 | CCPiIM2 | CCP1M1 | CCP1MO | --00 oooo| 58
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D | 0000 oo0ox| 96
19h TXREG USART Transmit Data Register 0000 0000 99
1Ah RCREG USART Receive Data Register 0000 0000 101
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) xxxx xxxx| 57
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) ARXX XAXRX 57
1Dh CCP2CON — | = | ccrax | ccpay | ccrama | ccpamz | cepamit | coPamo | --00 oooo| 58
1Eh ADRESH A/D Result Register High Byte p XXXK XXXX 116
1Fh ADCONO ADCS1 | ADCSO | cHs2 | CHS1 | CHS0O | GODONE | ~— | ADON |o0o000 00-0] 111
Legend:  x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

© 2001 Microchip Technology:Inc.
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PIC16F87X

contents are transferred to the upper byte of the program counter,

Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always malntain these bits clear.

These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0'.

: PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
; Value on: | Details
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BIit0 POR, on
BOR page:
Bank 1
80h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
81h OPTION REG| RBPU | INTEDG | Tocs | TosE | psa | ps2 | pst | Pso |1111 1111] 19
82h) PCL Program Counter (PC) Least Significant Byte 0000 0000| 26
83n® | STATUS IRP RP1 RPO 70 0 | z | obc | ¢ fooor ixxx| 18
84h1) FSR lndlract Data Memory Address Pointer xxxx xxxx | 27
85h TRISA i ‘ s | PORTA Data Direction Register ==11 1111 29
86h TRISB PORTB Data Direction Register 1111 1111 31
87h TRISC PORTC Data Direction Register 1111 1111 33
8sh¥ TRISD PORTD Data Direction Register 1111 1111 35
8oh® | TRISE IBF OBF iIBOV | PSPMODE | " | PORTE Data Direction Bits 0000. -111| 37
8A(13) | PCLATH = . — |0 | Write Buffer for the upper 5 bits of the Program Counter ---0.0000| 26
8Bh®) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF" | 0000 000x| 20
8Ch PIE1 PSPIE®) | ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1UE | 0000 0000| 21
8Dh PIE2 el ) e | EEE BCLIE |igsiiss |w & %] CCP2IE |-r-0 0--0| 23
8Eh PCON L == = — POR BOR [---- -- qa| 25
BFh |— : Unlmplemented 2 R SR 25
9h |— - |Unimplemented = = e e ans — S
91h SSPCON2 GCEN | ACKSTAT I ACKDT l ACKEN | RCEN | PEN | RSEN | SEN 68
92h PR2 Timer2 Period Register 85
93h SSPADD Synchronous Serlal Port (12C mode) Address Reglster 73,74
94h SSPSTAT swp [ cke | oA [ P | s | mrW | ua | e 66
R Unrmplementad : : ; : % e = ; &=
Unimplemented =
csRC | TX9 | TXEN | sync | .— | BRGH TRMT | TX9D 0000 -010| 95
Baud Rate Generator Register 0000 0000 97
| Unimplemented e
“+* FUnimplemented i
Unlmplemented 2
9Eh ADRESL A/D Result Register Low Byte ) XXXX  XXXX 116
9Fh ADCON1 ADFM |+ — .. — | pcre3 | Pcre2 | PCFG1 | PCFGO |0--- 0000 | 112
Legend: x=unknown,u= unchanged. q = value depends on condition, - = unimplemented, read as '0’, r = reserved.
Shaded locations are unimplemented, read as ‘0"
The upper byte of the program counter is'not directly accessible. PCLATH Is a holding register for the PC<12:8> whose
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©.2001 Microchip Technology; Inc.




PIC16F87X

contents are transferred to the upper byte of the program counter.

D dWwN

: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

. These registers can be addressed from any bank.

: PORTD, PORTE, TRISD, and TRISE are not physically Implemented on PIC16F873/876 devices; read as ‘0",
: PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Details
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit0 POR, on
BOR page:
Bank 2

100n®) | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000| 27
101h TMRO Timer0 Module Register XXX XXX 47

11020 | PCL Program Counter’s (PC) Least Significant Byte 0000 0000| 26
103h® | STATUS RP_| RP1_ | RPO | 70 | PO | z | boc | ¢ 0001 1xxx| 18
104h® | FSR Indirect Data Memory Address Pomter . xxXxx xxxx| 27
105h = |— o | Unimplemented - : RN il
106h PORTB PORTB Data Latch when written: PORTB pnns when read XXX XXX 31
107h— - |— Unimplemented - =
108h . —_— Unimplemented . S
10%h — Unimplemented e i 0l = -
10Ah“'3) PCLATH i e ~— .- | Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
10Bh® | INTCON GIE PEIE TOIE INTE | RBiE | TOF [ INTF RBIF | 0000 000x| 20
10Ch EEDATA EEPROM Data Register Low Byte XXXX XXKX 41
10Dh EEADR EEPROM Address Register Low Byte 200KK XHEKK 41
10Eh EEDATH = EEPROM Data Register High Byte xxxx xxxx| 41
10Fh EEADRH — — - | EEPROM Address Register High Byte XXX XXX 41

Bank 3
180h*® | INDF Addressing this location uses contents of FSR to address data memory (not a physlcal register) 0000 0000| 27
181h OPTION_REG| RBPU | INTEDG | Tocs | Tose | PsA_ | psz2 | Ppst PSO  [1111 1111] 19
182hf® | PCL . Program Counter (PC) Least Significant Byte 0000 0000| 26
183n3 | sTATUS RP_ | RP1 RPO 6> /PR~ W, Bhsmoc) ™= \ Mooo: 10| 18
184h3) | FSR Indirect Data Memory Address Polnter XXXX Xxxx| 27
186h PORTB Data Direction Reglster 1311 1111 31
187h: - Unimplemented ] S i
188h | Unimplemented - il B
18%h —_ Unimplemented - - L feta bR ; T T
18Ah{13) | PCLATH = = ‘— | Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
18Bh) [ INTCON GIE PEIE_ TOIE ' _INTE RBIE TOIF INTF RBIF | 0000 000x| 20
18Ch EECON1 EEPGD e o WRERR WREN WR RD X--- x000| 41,42
18Dh EECON2 EEPROM Control Reglsterz (not a physlcal reglster) ........ 41
18Eh . |— : Reserved maintain clear .. 0000- 0000 —
18Fh — Reserved maintain clear -~ i AR 00000000 —
Legend:  x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0", r = reserved. ‘
Shaded locations are unimplemented, read as ‘0.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose

© 2001 Microchip Technology: Inc.
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2221  STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
" device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary."

Note: .~ The C and DC bits operate as a borrow
. and digit borrow bit, respectively, in sub-

 traction. See the SUBLW and SUBWF

intended. " instructions for examples.
REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
| RP | RPA | RPO | TOo | P0 [ z [ bC c
bit 7 / bit 0
" bit7 IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (00h - FFh) ;
bit 6-5 RP1:RPO0: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 =Bank 0 (00h - 7Fh)
: Each bank is 128 bytes
bit 4 TO: Time-out bit -
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = AWDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit -
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero.
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

(for borrow, the polarity is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

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

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high, or low order bit of the source register.

Legend:
R = Readable bit W = Writable bit U= Unimplgmented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared

x = Bit is unknown

DS30292C-page 18
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3.0 /O PORTS

Some pins for these /O ports are multiplexed with an
altemate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

Additional information on I/O ports'may be found in the
PICmicro™ Mid-Range Reference Manual, (DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the TimerO module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL lnput levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCON(1 register (A/D Control Register1).

- Note:  On a Power-on Reset, thesa pins are con-
- figured as analog inputs and read as'0'. -

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA

BCF STATUS, RPO ;

BCF STATUS, RP1 ; BankO

CLRF PORTA ; Initialize PORTA by
clearing output
data latches

BSF STATUS, RPO Select Bank 1

MOVLW 0x06
MOVWF ADCON1
MOVLW 0xCF

Configure all pins

as digital inputs

; Value used to

; initialize data

; direction

MOVWF  TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as '0’.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RAS5 PINS
Data Data Latch
Bus
D Q
WR Vob

Port _
°——P ck_Qa

TRIS Latch J
D Q

) P 1/0 pint"
) A e

WR
TRIS g
—t cKk LU Q Vss
Analog
Input
Mode
[
RD
Tﬁ TTL
Input
Buffer
Q D
EN
RD Port >
To A/D Converter

Note 1: 1/O pins have protection diodes to VDD and Vss.

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Data Latch
Bus D Q
WR
Port
Sy gaant oy Al =,
TRIS Latch
¢— D Q Vss
WR
TRIS 2 Schmi
ckbtaQ [ ¢ T ﬂgg;trt §7
Input

Buffer
RD
TRIS
L

103

TMRO Clock Input

-
-

Note 1: 1/O pih has protection diodes to Vss only.
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-TABLE 3-1: PORTA FUNCTIONS
Name Bit# | Buffer _ Function
RAO/ANO bit0 TTL | Input/output or analog input.
RA1/AN1 bit1 TTL |Input/output or analog input.
RA2/AN2 bit2 TTL | Input/output or analog input.
RA3/AN3I/VREF bit3 TTL |Input/output or analog input or VREF.
RA4/TOCKI bit4 ST |Input/output or external clock input for Timer0. Output is open drain type.
RA5/SS/AN4 bit5 TTL | Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: | Valueonall
Address| Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
05h PORTA = RA5 | RA4 | RA3 RA2 RA1 RAO |--0x 0000| --0ou 0000
85h |TRISA — - ‘-4; PORTA Data Direction Register --11 1111 --11 1111
9Fh |ADCON1|ADFM| — | — | — |PCFG3|PCFG2 |PCFG1|PCFGO | --0- 0000 --0- 0000

Legend: x = unknown, u = unchanged - = unimplemented locations read as '0".
Shaded cells are not used by PORTA.

Note - When using the SSP module in SPI Slave mode and SS enabled, the A/D converter must ba set to one of
- the following modes, where PCFG3:PCFG0 = 0100, 0101, . 011x, 1101, 1110, 1111.

DS30292C-page 30
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3.2  PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB pin
an input (i.e., put the comresponding output driver in a
Hi-Impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are multiplexed with the Low
Voltage Programming function: RB3/PGM, RB6/PGC
and RB7/PGD. The alternate functions of these pins
are described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically tumed off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS
Voo
RBPUW@
RBPU : Weak
P Pull-up
Data Bus Data Latch
—fo a %
WR Port '/0(1)
CK B pin
TRIS Latch
D
Q ;l'TL 7
nput
R TRIS CKTY_ Buffer
L
RDTRIS
RD Port
EN
RBO/INT K
RB3/PGM <|J
Schmitt Trigger l
Buffor RD Port
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBlF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations -
where PORTB is only used for the interrupt-on-change -
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This intemrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “/mplementing Wake-up on Key
Strokes” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
\ o) Voo
RBPU - E—Weak
Pull-up
Data Bus p_;ta_Latég‘ ’_g
110
WR Port CK_\_ pin(“)
TRIS Latch
D Q
WR TRIS TTL
CK \ g Input 7 §\7
Buffer ST
p s . Buffer
RD TRIS
o Latch
RD Port
‘ EN 1
. Set RBIF g
{%Gwﬂ _
From other RD Port
RB7:RB4 pins EN
Q3
RB7:RB6 . .
In Serial Programming Mode
Note 1: /O pins have diode protection to Voo and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).
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TABLE 3-3: PORTB FUNCTIONS .
Name Bit# Buffer Function

RBO/INT bit0 TTUST! Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3/PGM®) | bit3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt-on-change). Interal software programmable
weak pull-up.

RB5 bits TTL Input/output pin (with interrupt-on-change). Intemnal software programmable
weak pull-up.

RB6/PGC bit6 TTL/ST® | Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.

. Internal software programmable weak pull-up. Serial programming clock.
RB7/PGD bit7 TTL/ST@ Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
; Internal software programmable weak pull-up. Serial programming data.
Legend: TTL =TTL input, ST = Schmitt Trigger input '

Note 1:
2:
3:

This buffer is a Schmitt Trigger input when configured as the external interrupt.
This buffer is a Schmitt Trigger input when used in Serial Programming mode.
Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB3 I/O function. LVP

must be disabled to enable RB3 as an 1/0 pin and allow maximum compatibility to the other 28-pin and

40-pin mid-range devices.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
i Value on: | Value on
Address Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3|Bit2|Bit1 |Bit0 | POR, all other
, ' BOR RESETS
06h, 106h |PORTB RB7 | RB6 | RB5 | RB4 | RB3 | RB2 [ RB1 | RBO [xxxx xxxx |uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 11111111 1111
81h, 181h |OPTION_REG | RBPU [ INTEDG [ TOCS [TOSE | PSA | PS2.| PS1 | PSO | 1111 1111]1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers. :

When the 12C module is enabled, the PORTC<4:3>
pins can be configured with normal 12C levels, or with
SMBus levels by using the CKE bit (SSPSTAT<6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination, should be avoided. The user should refer
to the corresponding peripheral section for the correct
TRIS bit settings.

FIGURE 3-5: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,
RC<7:5>
Port/Peripheral Select’?)
Peripheral Data Out 0 VoD
Data Bus
WR B g 4 I/O“)
Port crRLQ 1 pin
Data Latch \ »{E
D Q
WR
TRIS cKLQ 7
TRIS Latch

RD p ; Vss
RIS Schmitt K\
Trigger

Peripheral
OE® Q D

RD EN —]
Port {>cf

Peripheral Input

Note 1: /O pins have diode protection to VDD and Vss.

2: Port/Peripheral select signal selects between port
data and peripheral output.

3: Peripheral OE (output enable) is only activated if
peripheral select is active. .

PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

FIGURE 3-6:

Port/Peripheral Select!?

Peripheral Data Out

Bata VDD
wa;z =0 Q i 110
Port B pin"
Data Latch ][E
WR D Q
TRIS e -
TRIS Latch ,
RD ‘j ii Vss
e Schmitt %7
Trigger

Peripheral \7
(3) !
p5 I\) Q D smmi

Trigger
RD EN with
Port —i SMBus
{>c levels
SSPi Input .

CKE
SSPSTAT<6>

Note 1: 1/Q pins have diode protection to VbD and Vss.
2: Port/Peripheral select signal selects between port data
and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select is active.
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_TABLE 3-5: PORTC FUNCTIONS

Name Bit# | Buffer Type ' Function
RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input.
RC1/T10Sl/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output.
RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/
PWM1 output. '
RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI
and 12C modes.
RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/0 (1°C mode).
RC5/SDO bit5 | . ST Input/output port pin or Synchronous Serial Port data output.
RC6/TX/CK bité ST Input/output port pin or USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

’ ' Value on: | Valueon all
Address | Name | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, other .
BOR RESETS
07h PORTC | RC7 RC6 | RC5 | RC4 | RC3 | RC2 | RC1 | RCO | xxxx xxxx | uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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3.4 PORTD and TRISD Registers

PORTD and TRISD are not implemented on the
PIC16F873 or PIC16F876.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configureable as an inputor
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>), In this mode, the input buffers
are TTL.

FIGURE 3-7: PORTD BLOCK DIAGRAM
(IN /O PORT MODE)
Data Data Latch 1/O pintY
Bus D Q
WR
Port CK\L
TRIS Latch
e— D Q
WR
TRIS
—tCK_L Schmitt
=
roger \y/
Buffer
RD | ]/\]
TRIS

Q D

e fbc iy

Note 1: |/O pins have protection diodes to VoD and Vss.

TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buifer Type Function
RDO/PSPO bit0 sT/rTL Input/output port pin or parallel slave port bit0.
RD1/PSP1 bit1 sttt Input/output port pin or parallel slave port bit1.
RD2/PSP2 bit2 sTaTLM Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 sTTLM Input/output port pin or parallel slave port bit3.
RD4/PSP4 bit4 strTL® Input/output port pin or parallel slave port bitd.
RD5/PSP5 bit5 sTTLt Input/output port pin or parallel slave port bit5.
RD6/PSP6 bit6 sTrTLd Input/output port pin or parallel slave port bit6.
RD7/PSP7 bit7 sTATLM Input/output port pin or parallel slave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in 1/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: | Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit4 Bit3 | Bit2 Bit1 Bit0 POR, all other
- BOR RESETS
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO | xxxx xxxx | uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111} 1111 1111
89h TRISE | IBF | OBF | IBOV] PSPMODE | — [PORTE Data Direction Bits | 0000 -111 | 0000 -111

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTD.
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3.5 PORTE and TRISE Register

PORTE and TRISE are not implemented on the
PIC16F873 or PIC16F876.

PORTE has three pins (REO/RD/ANS5, RE1/WR/ANG,
and RE2/CS/AN7) which are individually configureable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the I/O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is
set. In this mode, the user must make certain that the
TRISE<2:0> bits are set, and that the pins are configured
as digital inputs. Also ensure that ADCON1 is configured
for digital 1/O. In this mode, the input buffers are TTL.

Register 3-1 shows the TRISE register, which also con-
trols the parallel slave port operation.

PORTE pins are multiplexed with analog inputs. When
selected for analog input, these pins will read as '0's.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs. :

Note: -~ On a Power-on.Reset, these pins are con-
’ ““- figured as analog inputs; and read as ‘0".

FIGURE 3-8: PORTE BLOCK DIAGRAM
(IN VO PORT MODE)
Data Data Latch 0 pin
Bus D Q
WR
oo |
TRIS Latch
— D Q
WR
TRIS
TRIS | e Schmitt
Tri
Inp%%er K\7
Buffer

RD

q
TRIS

EN

]

> :
RD Port E{>o

Note 1: 1/O pins have protection diodes to VDD and Vss.

TABLE 3-9: PORTE FUNCTIONS
Name Bit# | Buffer Type Function
1/0 port pin or read control input in Parallel Slave Port mode or analog input:
RD
REO/RD/AN5 | bito | STATLM |1 =Idle
: 0 = Read operation. Contents of PORTD register are output to PORTD
1/0 pins (if chip selected)
11/Q port pin or write control input in Parallel Slave Port mode or analog input:
WR
RE1/WR/ANG| bit1 | ST/TTLM [1=Idle
0 = Write operation. Value of PORTD /O pins is latched into PORTD
register (if chip selected)
/O port pin or chip select control input in Parallel Slave Port mode or analog input:
— . 1) CS
REICSIANT | Bid SHERE 1 = Device is not selected
0 = Device is selected

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
. Value on: Value on.
Address Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOF.I all other
_ : ’ RESETS
09h | PORTE — i — = i RE2 |- RE1 REO |---- -xxx|---- -uuu
8%h TRISE IBF -| OBF | IBQV |PSPMODE | — - | PORTE Data Direction Bits | 0000- -111 | 0000 -111
9Fh ADCON1 | ADFM | . — 2 o PCFG3 | PCFG2 ] PCFG1 I-PCFGO --0- 0000 [ --0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by PORTE.
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REGISTER 3-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

'R0 R-0 R/W-0 R/W-0 U-0 RW-1 . R/W-1 R/W-1

| BF | oBF | 1BOV [PSPMODE| — | Bit2 Bit1 Bit0
bit 7 - bit0

Paralle| Slave Port Status/Control Bits:
IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received ’

OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)

1 = A write occurred when a previously input word has not been read (must be cleared in
software)

0 = No overflow occurred

PSPMODE: Parallel Slave Port Mode Select bit

1 = PORTD functions in Parallel Slave Port mode

0 = PORTD functions in general purpose 1/O mode

Unimplemented: Read as '0

PORTE Data Direction Bits:

Bit2: Direction Control bit for pin RE2/CS/AN7

1 = Input

0 = Output

Bit1: Direction Control bit for pin RE1/WR/AN6

1 = Input \

0 = Output \

Bit0: Direction Control bit for pin REO/RD/AN5

1 = Input

0 = Output

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR - 1’ = Bitis set '0’ = Bit is cleared x = Bit is unknown
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5.0 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

 8-bit timer/counter

« Readable and writable

» 8-bit software programmable prescaler

« Intemal or external clock select

. lnterriipt on overflow from FFh to 00h

- Edge select for external clock

Figure 5-1 is a block diagram of the Timer0 module and
the prescaler shared with the WDT.

Additional information on the Timer0 module is avail-
able in the PICmicro™ Mid-Range MCU Family Refer-
ence Manual (DS33023).

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In Timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register. '

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment either on every rising, or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit, TOSE
(OPTION_REG<4>), Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler is not readable or writable. Section 5.3 details the
operation of the prescaler.

5.1 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the TimerO module Interrupt Ser-
vice Routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP, since the timer is shut-off during SLEEP.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (= Fosc/4) Data Bus
\ 8
oM 1 %
RA4/TOCKI : % i SYNC
pin , 0 V) > 2 TMRO Reg
\ X Cycles
TOSE T $
. TOCS
PSA Set Flag Bit TOIF
: on Overflow
PRESCALER
TOF — & o N T a4 9
g M I - 8-bit Prescaler |
u [N ;
Watchdog 1 X | 8 |
Timer I I
T | 8 - to - TMUX ¢—— PS2:PS0 |
T PSA B oy e o e e e e e s P s o
. 0| 1
WDT Enable bit
MUX |[«—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
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5.2 Using Timer0 with an External
Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization

of TOCKI with the internal phase clocks is accom- -

plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Thersfors, it is
necessary for TOCKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

5.3 Prescaler

There is only one prescaler available, which is mutually

Timer0 module means that there is no prescaler for the
Watchdog Timer, and vice-versa. This prescaler is not
readable or writable (see Figure 5-1).

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will clear the prescaler
along with the Watchdog Timer. The prescaler is not
readable or writable.

Note: - . Writing to TMRO, when the prescaler. is
.. assigned to Timer0, will clear the prescaler
count, but will not change the prescaler

exclusively shared between the Timer0 module and the ~“assignment.
Watchdog Timer. A prescaler assignment for the
REGISTER 5-1: OPTION_REG REGISTER
’ R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
| RBPU | INTEDG | ToCS | TOSE PSA PS2 Ps1 | Pso |
bit 7 bit 0
bit 7 RBPU
bit 6 INTEDG
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the TimerO module
bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
Legend: ‘
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

Note: - To avoid an unintended device RESET, the instruction sequence shown in the PICmicro™ Mid-Range MCU
Family Reference Manual (DS33023) must be executed when changing the prescaler assignment from
TimerO to the WDT. This sequence must be followed even if the WDT is disabled.
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO

Value on: | Value on

Address Name Bit7 Bit6 | Bit5|Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, all other
' BOR RESETS
01h,101h | TMRO Timer0 Module’s Register XXXX XXXX [ uuuu uuuu
0Bh,8Bh, [INTCON GIE PEIE | TOIE | INTE | RBIE | TOIF | INTF | RBIF | 0000 000x| 0000 000u
10Bh,18Bh

81h,181h |[OPTION_REG |RBPU (INTEDG|TOCS|TOSE| PSA | PS2 | PS1 | PSO (1111 1111 1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0".
Shaded cells are not used by Timer0. ’
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6.0 TIMER1 MODULE

The Timer1 module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable, The TMR1 Register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1IE (PIE1<0>).

Timer1 can operate in one of two modes:

- As atimer
» As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timer1 increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timer1 can be enabled/disabled by setting/clearing
control bit TMR10ON (T1CON<0>).

Timer1 also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules (Section 8.0). Register 6-1 shows the Timer1
control register.

When the Timer1 oscillator is enabled (TTOSCEN is
set), the RC1/T10SI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored, and these pins read as ‘0'.

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
uU-0 U-0 R/W-0 R/W-0 R/W-0 - R/W-0 R/W-0 R/W-0
[ = T = [rickrs1[T1cKPs0]| T10SCEN |TTSYNC | TMR1CS [TMR10N
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'
bit 5-4 T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits
' 11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T10SCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit

Wh CS=1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR1CS = 0:

“This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMRA1CS: Timer1 Clock Source Select bit
1 = External clock from pin RC0O/T10SO/T1CKiI (on the rising edge)

0 = Internal clock (Fosc/4)
bit O TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set '0’ = Bit is cleared x = Bit is unknown
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6.1 Timer1 Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit T1SYNC
(T1CON<2>) has no seffect, since the intemal clock is
always in sync.

6.2 Timer1 Counter Operation

Timer1 may operate in either a Synchronous, or an
Asynchronous mode, depending on the setting of the
TMR1CS bit.

When Timer1 is being incremented via an external
source, increments occur on a rising edge. After Timer1
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

FIGURE 6-1: TIMER1 INCREMENTING EDGE
T1CKI
(Default High)
T1CKI
(Default Low) * * * *
Note: Arrows indicate counter increments.

6.3 Timer1 Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T10SCEN is set, or on pin RCO/T10SO/T1CKIl, when
bit TIOSCEN is cleared.

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timer1 will
not increment even if the external clock is present,
since the synchronization circuit is shut-off. The
prescaler, however, will continue to increment.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM
Set Flag bit
TMR1IF on
Overflow - Synchronized
TR Clock Input
TMRIH | TMRIL
A
TMR1ON
On/Off T1SYNC
RCO/T10SO/T1CKI lX[ : l’> 1 —
: ) | Prescaler ynchronize |
! T10SCEN Fosc/4 . 1,2,4,8 _/—det
osl/ccp2? gng'ﬁlet i Gormal— 0 41’ I
scillatol
RC1TI Cluek “ Q Clock
T1CKPS1:T1CKPS0
TMR1CS
Note 1: When the TIOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
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6.4 Timer1 Operation in
Asynchronous Counter Mode

If control bit TISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt-on-overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

In Asynchronous Counter mode, Timer1 cannot be
used as a time-base for capture or compare opera-

- tions.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock, will guarantee a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself, poses certain problems, since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the -16-bit value requires some care. Exam-
ples 12-2 and 12-3 in the PICmicro™ Mid-Range MCU
" Family Reference Manual (DS33023) show how to
read and write Timer1 when it is running in Asynchro-
nous mode. '

6.5 Timer1 Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T10SO (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator, rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timer1 oscillator.

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. C1 C2

LP 32 kHz 33 pF 33 pF

100 kHz 15 pF 15 pF

200 kHz 15 pF 15 pF

These values are for design guidance only.
Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | £ 20 PPM
100 kHz Epson C-2 100.00 KC-P | + 20 PPM
200 kHz STD XTL 200.000 kHz | + 20 PPM

Note 1: Higher capacitance increases the stability

of oscillator, but also increases the start-up
time. _

2: Since each resonator/crystal has its own
characteristics, the user should consult the

resonator/crystal manufacturer for appro-
priate values of external components.

6.6  Resetting Timer1 using a CCP
Trigger Output

If the CCP1 or CCP2 module is configured in Compare -
mode to generate a “special event trigger”
(CCP1M3:CCP1MO = 1011), this signal will reset
Timer1.

Note‘ 5 Tﬁe"épeaal event triggers from the CCP1
5 _and CCP2 modules will not set mterrupt
- flag bit TMR1IE (PIR1<0>). 4

Timer1 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timer1 is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXxL regis-
ter pair effectively becomes the period register for
Timer1.
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6.7 Resetting of Timer1 Register Pair 6.8 Timer1 Prescaler

(TMR1 H, TM R1 L) The prescaler counter is cleared on writes to the
TMR1H and TMRA1L registers are not reset to 00h on a TMR1H or TMR1L registers.
POR, or any other RESET, except by the CCP1 and
CCP2 special event triggers.

T1CON register is reset to 00h on a Power-on Reset,
or a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other RESETS, the register
is unaffected.

TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on: Value on
Address | Name | Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 POR, all other
: BOR | RESETS

0Bh,8Bh, . P T L g ] B Fipme v
10Bh 188h |INTCON | GIE PEIE TOIE | INTE RBIE TOIF JINTF*. | RBIF | 0000 000x | 0000 000u
och PIR1 PSPIF).{ “ADIF - | RCIF" | © TXIF- | SSPIF |/ CCP1IF:{ TMR2IF- | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 psPIEM | ADIE | | --RCIE " | - TXIE: | SSPIE!' [/CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
OEh TMRIL | Holding Register for the Least Signiﬂcanfoteofhe 16-bit TMR1 Register Xxxx xxxx | uuuu uuuu
OFh TMR1H | Holding Reglster for the Most Significant Byte of the 16-bit TMR1 Register . XAXX XXXX | uuuu uuuu
10h TicoN | — [ = |Tickes1[T1CKPS0| TIOSCEN | TISYNC | TMRICS | TMR1ON | --00 0000 | --uu uum

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer1 module.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear. .
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7.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module(s). The TMR2 reg-
ister is readable and writable, and is cleared on any
device RESET.

The input clock (Fosc/4) has a prescale option of 1.1,
1:4, or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut-off by clearing control bit TMR20N
(T2CON<2>), to minimize power consumption.

Register 7-1 shows the Timer2 control register.

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

FIGURE 7-1:

Sets Flag
bit TMR2IF | Onieg(h

TIMER2 BLOCK DIAGRAM

RESET Prescaler | _ .
14, 1:4, 1:16] OoF
Postscaler 1,2
1:1 to 1:16| EQ
T2CKPS1:

4 T2CKPS0
T20UTPS3: -
T20UTPSO

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

REGISTER 7-1:
'U-0 RWO RW-0 RWO RWO RWO0 RW-O0 RW-O0
[ — Trourps3]TOUTPS2[TOUTPS1|TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO
bit 7 - bit O
bit 7 Unimplemented: Read as '0'

bit 6-3 TOUTPS3:TOUTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1.3 Postscale

1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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71 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

7.2  Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
SSP module, which optionally uses it to generate shift

» a write to the TMR2 register
- awrite to the T2CON register

+ any device RESET (POR, MCLR Reset, WDT

Reset, or BOR)
TMR2 is not cleared when T2CON is written.

clock.

REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

TABLE 7-1:
Value on: Value on
Address | Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bt 0 POR, all other
BOR RESETS
0Bh,8Bh, |INTCON GIE PEIE TOE | /INTE - | RBIE “|==TOIF ~ |« INTF = | - RBIF /0000 000x|0000 000u
10Bh,18Bh i : : pa - L
0Ch PIR1 psPiEY | ADIF | “RCIF | TXIF ::|- SSPIF./| CCPUIF:| TMR2IF | TMR1IF:| 0000 0000|0000 0000
8Ch PIE1 PSPIE(!). |-~ ADIE« |-+ RCIE . TXIE ~ |- SSPIE-| CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
11h TMR2 Timer2 Module’s Register 0000 0000 {0000 0000
12h T2CON — [ Toutpss [ TouTPsz [ TouTPs1 | TouTPso | TMR20N [ T2€KPS1 [ T2cKPS0 | - 000 0000 | -000 0000
92h PR2 Timer2 Period Register : 1811 1111|1112 1111
Legend:  x=unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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8.0 CAPTURE/COMPARE/PWM
MODULES

. Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:
» 16-bit Capture register
- 16-bit Compare register
- PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 8-1 and Table 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCP module

CCP2 Module:

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by a compare match and will reset Timer1
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023) and in application note AN594,
“Using the CCP Modules” (DS00594).

is described with respect to CCP1. CCP2 operates the TABLE 8-1: CCP MODE - TIMER
same as CCP1, except where noted. RESOURCES REQUIRED
ule: CCP Mode Timer Resource
Capture/Compare/PWM Register1 (CCPR1) is com-
prised of two 8-bit registers; CCPR1L (low byte) and g:;mrfe Ezzg
CCPR1H (high byte). The CCP1CON register controls Pwphj Timer2
the operation of CCP1. The special event trigger is wme
generated by a compare match and will reset Timer1.
TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture | Same TMR1 time-base
Capture Compare |The compare should be configured for the special event trigger, which clears TMR1

Compare Compare |The compare(s) should be configured for the special event trigger, which clears TMR1

-~ PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt)
PWM Capture | None
PWM Compare | None
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.REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

u-0 UO RWO RW-0O RW-0 RWO RW-0 RWO
| — | — ] ccpxx | cepxy | ccPxM3 | CCPxM2 | CCPxM1 | CCPxMO
bit 7 bit 0

Unimplemented: Read as '0’
CCPxX:CCPxY: PWM Least Slgmﬁcant bits

Capture mode:
Unused

Compare mode:

Unused

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

CCPxM3:CCPxM0: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

" 0111 = Capture mode, every 16th rising edge -

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bitis set, CCPx pin is unaffected); CCP1
resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is
enabled) '

11xx = PWM mode

Legend: _
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
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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 PWM output. 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 PWM output latch to the default
low level. This is not the PORTC I/O d
latch. .

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers Yo CCP1CON<5:4>
[ CCPRIL I
[ CCPR1H (Slave)! ]
Jb RC2/CCP1
r Comparator i* R Q
I TMR2 I(Note 1)| s
*—
Comparator W TRISC<2>
2> CCP1 pin and

| e |\

Note 1: The 8-bit timer is concatenated with 2-bit intemal Q
clock, or 2 bits of the prescaler, to create 10-bit time-
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 period
(1/period).

. FIGURE 8-4: PWM OUTPUT

Period

S I [ [

: g
+ Duty Cycle

. TMR2=PR2
; TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1] » 4 » TOSC »
(TMR2 prescale value)

PWM frequency is defined as 1/ [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
- The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
» The PWM duty cycle is latched from CCPR1L into
CCPR1H

. Note:  The Timer2 postscaler (see Section 7.1) is
I not used in the determination of the PWM
- frequency. The postscaler could be used
_to have a servo update rate at a different

- frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRAL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle =(CCPR1L:CCP1CON<5:4>)
Tosc * (TMR2 prescale value)

CCPR1L 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
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

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

" When the CCPR1H and 2-bit latch match TMR2, con-

catenated with an internal 2-bit Q clock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

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

Fosc

log\ Fpwm
Resolution = —— pijts

log(2)

Note: ° If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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.8.33 SETUP FOR PWM OPERATION 3. Make the CCP1 pin an output by clearing the
The following steps should be taken when configuring R
e following ste n con
s 4. Setthe TMR2 prescale value and enable Timer2
the CCP module for PWM opelta.non. . by writing to T2CON.
1. Se‘.“t‘erPWM period by writing to the PR2 5. Configure the CCP1 module for PWM operation.
register.

2. Set the PWM duty cycle by writing to the
CCPRA1L register and CCP1CON<5:4> bits.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88kHz | 19.53 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 0x3Fh 0x1Fh 0x17h
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
Value on: | Value on
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 1 Bit 0 POR, all other
: BOR RESETS
0Bh,8Bh, |[INTCON GIE PEIE | TOIE | INTE :R‘BIE;:. ".TOIF‘ INTF RBIF =~ {0000 000x|0000 000u
10Bh, 18Bh Ll ek L el
0Ch PIR1 PsPIF! | ADIF ~ TXIF:| - SSPIF | CCP1IF | TMR2IF | TMR1IF [0000 0000{0000 0000
ODh PIR2 Eo A E A B L R R B R v ) R W 0---- -—- 0
8Ch PIE1 PsPIE( |- ADIE CCP1IE | TMR2IE | TMR1IE |0000 0000|0000 0000
8Dh PIE2 =l == o — | = | CCP2IE {-=~= --=0f---- --- 0
87h TRISC PORTC Data Direction Register 1111 111101111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register AKX XXXX [UUUU UUUL
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h TICON | — | — °|TICKPS1|TICKPSO|TIOSCEN| TISYNC [TMRICS [TMRION|--00 0000]--uu wuun
15h CCPR1L |Capture/Compare/PWM Register1 (LSB) XXX XXXX [uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register1 (MSB) XXXX XXXX [UUUU uuuu
17h ccP1CON| - — | — | ccPiX | corty- | ccPims [coPiM2[CCP1MI[CCPIMO [--00 0000[--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XAAK XXXX | UUUU vuuU
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX|uuuu uuuu
1Dh CCP2CON| — | — | CCP2X | CCP2Y | CCP2M3 [CCP2M2] CCP2M1[CCP2MO[--00 0000]--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by Capture and Timer1.

Note 1: The PSP is not implemented on the PIC16F873/876; always maintain these bits clear.
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TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Value on: | Value on
Address | Name | Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR RESETS
0Bh,8Bh, |INTCON GIE PEIE TOIE INTE: RBIE- | - TOIF . | INTF RBIF' |0000 000x|0000 000U

10Bh, 18Bh R R ;
0Ch PIR1 PsPIF(M| ADIF | RCIF | TXF | SSPF | CCP1IF.| TMR2IF | TMR1IF |0000 0000[0000 0000
0Dh PIR2 o7 - i S SnsEg i e CCP2IF [---- --- ) [T 0
8Ch PIE1 PSPIEM| - ADIE | RCIE | “TXE | SSPE-| CCP1IE | TMR2IE | TMR1IE {0000 0000|0000 0000
8Dh PIE2 - o it = o = = CCP2IE |---- --- 0|--- --- 0
87h TRISC PORTC Data Direction Register 1111 1111)1111 1111
11h TMR2 Timer2 Module’s Register 0000 0000|0000 0000
92h PR2 Timer2 Module’s Period Register 1111 1111311111 1111
12h T2CON — | TouTpss|TouTPs2|TOUTPS1 [TOUTPSO| TMR2ON | T2CKPS1|T2CKPSO0|-000 0000]-000 0000
15h CCPR1L |Capture/Compare/PWM Register1 (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register1 (MSB) XXX XXX |Uuuu uuuu
17h ccpicoNf — | o — | cepix | cepry |CCP1M3[CCP1M2[CCP1M1 [ cCP1MO |--00 0000|--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX 300X |uuuu uuuu
1Ch |CCPR2H | Capture/Compare/PWM Register2 (MSB) XXXX XXXX[uuuu uuuu
1Dh ccracoN| — | — | cepax | ccray | coPama | CCP2M2 | CCP2M1 | CCP2MO [--00 0000[--00 0000

Legend: x=unknown,u= unchanged. - = unimplemented, read as '0’. Shaded cells are not used by PWM and Timer2.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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13.1 Instruction Descriptions

ADDLW Add Literal and W
Syntax: [label] ADDLW k
Operands: 0<k<255
Operation: W)+k - (W)
Status Affected: C, DC, Z
Description: The contents of the W register
are added to the eight bit literal 'k’
and the result is placed in the W
register. .
ADDWF Add W and f
Syntax: [labell] ADDWF fd
Operands: 0<f<127
de[01] :
Operation: (W) + (f) — (destination)
Status Affected: C, DC, Z
Description: Add the contents of the W register
with register 'f. If 'd’is 0, the result
is stored in the W register. If 'd" is
1, the result is stored back in
register 'f.
ANDLW AND Literal with W
Syntax: [label] ANDLW  k
Operands: 0<k<255
Operation: (W) .AND. (k) — (W)
Status Affected: Z
Description: The contents of W register are
AND’ed with the eight bit literal
'k'. The resultis placed in the W
register.
ANDWF AND W with f
Syntax: .[label] ANDWF fd
Operands: 0<f<127
“de[0,1]
Operation: (W) .AND. (f) — (destination)
Status Affected: Z
Description: AND the W register with register

'f. If 'd' is O, the result is stored in
the W register. If 'd' is 1, the result
is stored back in register 'f'.

Bit Clear f

BCF
Syntax: [labell BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 > (f<b>)
Status Affected:  None
Description: Bit 'b' in register 'f' is cleared.
BSF Bit Set f
Syntax: [label] BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit 'b"in register 'f' is set.
BTFSS Bit Test f, Skip if Set
- Syntax: [label] BTFSS fb
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) =1
Status Affected: None
Description: If bit 'bin register 'f' is '0", the next
instruction is executed.
If bit 'b' is '1', then the next instruc-
tion is discarded and a NOP is
executed instead, making this a
2Tcy instruction.
BTFSC Bit Test, Skip if Clear
Syntax: [labell BTFSC f,b
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>)A= 0
Status Affected: None
Description: If bit 'b’ in register 'f' is '1*, the next

instruction is executed.
If bit 'b', in register 'f', is '0", the

- next instruction is discarded, and

a NOP is executed instead, making
this a 2Tcy instruction.
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CALL Call Subroutine CLRWDT Clear Watchdog Timer
Syntax: [label] CALL k Syntax: [label] CLRWDT
Operands: 0<k<2047 Operands: None
Operation: (PC)+ 1 TOS, Operation: 00h - WDT
k —» PC<10:0>, 0 — WDT prescaler,
(PCLATH<4:3>) - PC<12:11> 1->TO
Status Affected:  None 1_—)2)
Description: Call Subroutine. First, return Status Affected:  TO, PD
address (PC+1) is pushed onto Description: CLRWDT instruction resets the
the stack. The eleven-bit immedi- Watchdog Timer. It also resets
ate address is loaded into PC bits the prescaler of the WDT. Status
<10:0>. The upper bits of the PC bits TO and PD are set.
are loaded from PCLATH. CALLis
a two-cycle instruction.
CLRF Clear f COMF Complement f
Syntax: [label} CLRF f Syntax: [label] COMF fd
Operands: 0<f<127 Operands: 0<f<127
Operation: 00h — (f) d_ € [0,1]
152 Operation: (f) > (destination)
Status Affected: Z Status Affected: Z
Description: The contents of register ' are Description: The contents of register 'f' are
cleared and the Z bit is set. complemented. If 'd’ is 0, the
resultis stored in W. If ’d’is 1, the
result is stored back in register ’f.
CLRW Clear W DECF Decrement f
Syntax: [label] CLRW Syntax: [labell] DECF f,d
Operands: None Operands: 0<f<127
Operation: 00h — (W) de[01]
152 Operation: (f) - 1 > (destination)
Status Affected: Z Status Affected: Z
Description: W register is cleared. Zero bit (Z) Description: Decrement register 'f. If 'd’ is 0,

is set.

the result is stored in the W

-register. If 'd’ is 1, the result is

stored back in register .
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" Decrement f, Skip if 0

DECFSZ

Syntax: [/abel] DECFSZ fd

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 - (destination);
skip if result = 0

Status Affected: None

Description: The contents of register 'f are
decremented. If 'd’ is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in
register 'f.
If the result is 1, the next instruc-
tion is executed. If the result is 0,
then a NOP is executed instead
making it a 2TCy instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

" Operands: 0<k<2047

Operation: k — PC<10:0>
PCLATH<4:3> — PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.

’ The eleven-bit immediate value is

loaded into PC bits <10:0>. The
upper bits of PC are loaded from’
PCLATH<4:3>. GOTO is a two-
cycle instruction.

INCF Increment f

Syntax: [label] INCF f.d

Operands: 0<f<127
d e [0,1] ,

Operation: (f) + 1 > (destination)

Status Affected: Z

Description: The contents of register 'f' are

incremented. If 'd’ is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in
register 'f.

INCFSZ Increment f, Skip if 0
Syntax: [label] INCFSZ f,d
Operands: 0<f<127
d e [0,1]
Operation: (f) + 1 > (destination),
skip if result =0
Status Affected: None
Description: The contents of register 'f are
incremented. If'd’ is O, the result is
placed in the W register. If 'd’is 1,
the result is placed back in
register 'f.
If the result is 1, the next instruc-
tion is executed. If the result is 0,
a NOP is executed instead, making
it a-2Tcy instruction.
IORLW Inclusive OR Literal with W
Syntax: [label] 10RLW k
Operands: 0<k<255
Operation: (W) .0R. k - (W)
Status Affected: Z
Description: The contents of the W register are
OR’ed with the eight bit literal 'K'.
The result is placed in the W
register.
IORWF Inclusive OR W with f
Syntax: [label] IORWF fd
Operands: 0<f<127
" de[0,1]
Operation: (W) .OR. (f) - (destination)
Status Affected: Z
Description: Inclusive OR the W register with

register 'f. If 'd' is O the resultis
placed in the W register. If 'd' is 1
the result is placed back in
register 'f'.

© 2001 Microchip Technology:Inc.
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MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register f are
moved to a destination dependant
upon the status of d. fd =0,
destination is W register. fd = 1,
the destination is file register f itself.
d = 1 is useful to test a file register,
since status flag Z is affected.

MOVLW Move Literal to W

~ Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None A

Description: The eight bit literal ’k’ is loaded
into W register. The don’t cares
will assemble as O's.

MOVWF Move W to f ‘

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: W) - ()

Status Affected:  None

Description: Move data from W register to

register 'f'.

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: None
‘ Description: No operation.
RETFIE Return from Interrupt
Syntax: [/abel] RETFIE
Operands: None
Operation: TOS - PC,
1> GIE
Status Affected: None
RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: - 0<k<255
Operation: k — (W);
TOS —» PC
Status Affected: None
Description: The W register is loaded with the

eight bit literal 'k’. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.
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RLF Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<sf<127 .
d e [0,1]
Operation: ~ See description below
Status Affected: C _ .
Description: The contents of register ¥ are rotated
. one bit to the left through the Carry
Flag. if 'd’is 0, the result is placed in
the W register. If 'd’is 1, the resultis
stored back in register f.
RETURN Return from Subroutine
Syntax: [/label] RETURN
Operands: None _ '
Operation: TOS - PC
" Status Affected:  None
Description: Retum from subroutine. The stack
is POPed and the top of the stack
(TOS) is loaded inio the program
counter. This is a two-cycle
instruction.
RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C . .
Description: The contents of register 'f are

rotated one bit to the right through

the Carry Flag. If 'd’ is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in
register 'f.

Register f

SLEEP
Syntax: [label] SLEEP -
Operands: None
Operation: 00h - WDT,
0 — WDT prescaler,
1-1T0,
, 0->PD
Status Affected: ~ TO, PD
Description: The power-down status bit, PD is
cleared. Time-out status bit, TO
is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
- SUBLW Subtract W from Literal
Syntax: [/abel]" SUBLW k
Operands: 0<k<255
Operation: k- (W) —> W)
Status Affected: C, DC, Z
Description: The W register is subtracted (2's
: complement method) from the
eight-bit literal 'k'. The result is
placed jn the W register.
SUBWF Subtract W from f
Syntax: [/abel] SUBWF f,d
Operands: 0<f<127
: de[0,1]
Operation: (f) - (W) — (destination)
Status G, BC, Z
Affected:
Description: Subtract (2’s complement method)

W register from register 'f'. If 'd'is 0,

. the result is stored in the W

register. If 'd' is 1, the resultis
stored back in register 'f..

® 2001 Microchip Technology-inc.
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SWAPE

Swap Nibbles in f

Syntax: [/abel] SWAPF f.d

Operands: 0<f<127
de [0,1]

Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)

Status Affected: None

Description: The upper and lower nibbles of
register 'f are exchanged. If 'd’ is
0, the result is placed in the W
register. If 'd’ is 1, the resultis
placed in register 'f.

XORLW Exclusive OR Literal with W

Syntax: [label] XORLW k

Operands: 0<k=<255 _

Operation: (W) .XOR. k = (W)

Status Affected: Z

Description: - The contents of the W register

are XOR’ed with the eight-bit lit-
eral 'k'. The result is placed in

v the W register.

XORWF

Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127

de[01]
Operation: (W) .XOR. (f) — (destination)
Status Affected: Z :
Description: Exclusive OR the contents of the

W register with register 'f'. If 'd' is
0, the result is stored in the W
register. If 'd' is 1, the result is
stored back in register 'f'.
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

7

i b
D
D
g D
a D
d D
g P
s p
g D
d B
a D &
a D
{ D
g D
q P
d P
d D
5 D
D2 o=
n { op1
|}t—— F ——=]
=7 3
/
— ) L
+ S ey
|t—— eB—{ : B { P =
Units INCHES* ) MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins . n 40 40
Pitch P \ .100 2.54
Top to Seating Plane A .160 SLZD .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane A1l .015 0.38
Shoulder to Shoulder Width E ‘™ 18595 .600 .625 15.11 15.24 15.88
Molded Package Width E1 .530 .545 .560 13.46 13.84 14.22
Overall Length D . 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L 120 .130 135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top a S 10| 15 5 10 15
Mold Draft Angle Bottom B | 5 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-011
Drawing No. C04-016
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- L298

DUAL FULL-BRIDGE DRIVE'R

"« OPERATING SUPPLY VOLTAGE UP TO 46 V
= TOTAL DC CURRENT UPTO 4 A
= LOW SATURATION VOLTAGE 4
» OVERTEMPERATURE PROTECTION
= LOGICAL "0” INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

'DESCRIPTION

" The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels anddrive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are providedto
enable ordisablethe deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz. )}
L298P (PowerS020)

nectionofan externalsensingresistor. Anadditional
supplyinputis provided so that the logic works at a
lower voltage.

ouT) our2 Vg ' ours ouTS
? = 3
2 3 'y 3 I3
+‘V_§§ 3 Vret
il -
100nF ‘
1 2
nt
o—4 p— ” '2)"
9 r—*r
’“:1 7 ' o | I
EnA [y " €nB
o ‘ — -0
SENSE AO——9 . ) _L eI SENGE 3-308112
QRSA : Rsp

Jenuary 2000
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ABSOLUTE MAXIMUM RATINGS

Parameter

Symbol Value Unit
Vs Power Supply 50 \'
Vss Logic Supply Voltage -7 \"
V1,Ven Input and Enable Voltage -0.3to 7 \Y
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 2.5 A
—DC Operation 2 A
Vsens Sensing Voltage -1102.3 Vv
Ptot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature —-25t0 130 °C
Tstg, Tj Storage and Junction Temperature —40 to 150 €
PIN CONNECTIONS (top view)
/ |. b L SN CURRENT SENSING B
14 3 OUuTPUT4
‘$‘ (ky| Ssm— (!0 {15
' 12 "3 INPUT4
" ">  ENABLEB
10,/ I INPUT3
- g 7 vy LOGIC SUPPLY VOLTAGE Vsg
Multiwatt1s  f——y " \
% AT INPUT 2
6 3 ENABLEA
G} | [ INPUT 1
4 " SUPPLYVOLTAGE Vg
@. e A T PUTZ
2 > OuUTPUTH
\ |' o | EreC et CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 DI5IN240A
4
GND 3§ 1 20 1 GND
SenseA [ 2 19 ] SenseB
NC. [ 3 18 1 NC.
out1 [ 4 17 ] out4
ou2 [} 5 PowerSO20 15 —] out3
v¢ 1 6 15 1 Input4
nputt ——§ 7 14 1 Enable B
EnableA [} 8 13 ] Input3
Input2 1 9 12 1 vss
GND [ 10 11 ] GND
DY5IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 | Unit
Rinjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rihjamb. | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mourted on aluminum substrate

2/13
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PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to,
- contral the current of the load.
2;3 4;5 Out1; Out2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 7,9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; EnableB |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Qut 3; Out 4 Outputs of the Bridge B. The curmrent that flows through the load
connected between these two pins is monltored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =

42V;Vss =5V, Tj=2

5°C; unless otherwise specified)

Symbol Parameter ' Test Conditions Min. | Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condition 7 Vg +2.5 46 \%
Vss Logic Supply Voltage (pin 9) 4.5 ] 7 V
Is Quiescent Supply Current (pin4) {Ven=H; IL=0 Vi=L 13 22 mA
. Vi=H 50 -70 mA
Ven =L Vi=X ' 4 mA
lss - |Quiescent Current from Vss (pin9) |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
. Ven =L Vi=X 6 mA
Vi Input Low Voltage -0.3 il.6 \%
(pins 5,7, 10,12) /
ViH Input High Voltage 2.3 VSS \Y
. |(pins 5,7, 10,12)
oy Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10,12) .
i High Voltage Input Current Vi=H< Vgs -0.6V 30 100 HA
(pins 5,7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) -0.3 1.5 \
Ven = H |Enable High Voltage (pins 6, 11) 2.3 Vss \
len =L |Low Voltage Enable Current Ven=1L -10 HA
(pins 6, 11)
len =H |High Voltage Enable Current Ven = H< Vss -0.6V 30 100 HA
(pins 6, 11)
Vcesatr) [Source Saturation Voltage IL=1A 0.95 1.35 1.7 \
L =2A 2 2.7 Y
Vcesat) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 Y
IL=2A (5) 1.7 2.3 \
Vcesat | Total Drop L=1A (5) 1.80 3.2 \%
. IL=2A (5) 4.9 \Y
Veens | Sensing Voltage (pins 1, 15) 1-1 (1) 2 \Y
IYI ' 313
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T1 (Vi) |Source Current Tum-off Delay 0.5Vito0.91L (2);(4) ) 1.5 us
T, (V}) |Source Current Fall Time 091 to0.11l. (2);(4) 0.2 us
T3 (Vi) |Source Current Turmn-on Delay 0.5Vito0.11L  (2);(4) 2 us
T4 (V) |Source Current Rise Time 0.1l 10091 (2);(4) 0.7 us
Ts (Vi) |Sink Current Tum-off Delay 0.5Vit0 0.9l  (3);(4) : 0.7 ‘s
Te (Vi) |Sink Current Fall Time 0.91 to0. 11 (3);(4) : 0.25 us
T7 (Vi) |Sink Current Tum-on Delay 0.5Vito0.91L  (3);(4) 1.6 us
Ts (Vi) - |Sink Current Rise Time 0.11L t00.91.  (3);(4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A ' 25 40 KHz
T1 (Ven) |Source Current Tum-off Delay 0.5Vento 0.9 (2); (4) 3 us
T2 (Ven) |Source Current Fall Time 0.9 to0.11L  (2);(4) us
T3 (Ven) |Source Current Tum-on Delay 0.5Vento 0.11L  (2); (4) 0.3 us
T4 (Ven) |Source Current Rise Time 011 t00.91.  (2);(4) ' 0.4 us
Ts (Ven) |Sink Current Tum-off Delay 0.5Vento 0.9 1L '(3); 4) 2.2 us
Te (Ven) |Sink Current Fall Time 0.91 to0.11.  (3);(4) 0.35 s
T7 (Ven) |Sink Current Tum-on Delay 0.5Vent0 091 (3); (4) 0.25 us
Tg (Ven) [Sink Current Rise Time 0.11. t00.91. (3);(4) 0.1 us

1) 1)Sensing voltage can be —1V fort < 50 psec; in steady state Vsens min> —0.5 V.
2)Seefig.2.
3) See fig. 4.

4) The load must be a pureresistor.

Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current. :
= 6~ 6418
Vsar
v
:s:l‘zv
24 ss =5V i INPUT
L
20 .
1.8 /// ,) ' ENABLE
1.2 //
08
! $-s852/1
0.4
0 04 0B 12 15 20 24 lofA). Note : For INPUT Switching, set EN =H

4113

For ENABLE Switching, set IN=H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.

Note : ForINPUT Switching, set EN =H
For ENABLE Switching, setIN= L
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

'L.A
Imax(2A)
Kot S 4
L R "N T T Y, [
18 |18 L L)
W (V)
ﬂ)* . e e e e e e e e - e —

Imax(2A)
S0% -

0% -
(av)
50% Ce-Seeva anll B
t T —
S-10667
Figure 6 : Bidirectional DC Motor Control.
s
07
Inputs ' Function
Ven=H C=H;D=L Forward
?1: 13 % ; C=L;D=H Reverse
2 O C=D Fast Motor Stop
I Ven=1L c=X;D=X Free Running
L JRonF Motor Stop
172 L298N L=Low H =High X = Don'tcare
. i Yen
© CONYROL o s 1
. b e

CIRCUIT
D1 TO D4:1A FAST RECOVERY DICDE {1, €200ns)

5-385%/2
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

“and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1.POWER OUTPUT STAGE.

Thel298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows todetectthe in-
tensity of this current.

1.2. INPUT STAGE

Eachbridgeis driven by means of four gatesthe in-
putof whichare In1; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bridge state when The Eninput
is high ; a lowstate ofthe En inputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as nearas possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pole of Vs thatmust
be nearthe GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.

Tumn-On and Tumn-Off: Before to Tum-ONthe Sup-
plyVoltageand beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input. '

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

‘When the repetitive peak current needed from the

load is higherthan 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemnal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the '
ICare chopped; Shottkydiodeswould be preferred.
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This solution can drive until3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper:
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig8itis shownthe driving ofa tvophasebipolar Py the 1.C. L6508. ’
_ stepper motor ; the needed signals to drive the in- :

puts of the L298 are generated, in this example,

from the IC L297. :

Fig 9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

: ¥s
Sv v
R1 100nF
L z%n | =% F Cﬂ._“:"'l Cla
wnr L | = HF »
GND
_L_‘ - [ m} nzl n:% o*
swlz » ]
oW 2 x a 9 8 ‘z o1
cock |, 612 7
HALFIFULL c lo2 '
—_—lp 7 10 3
STEPPER
1297 L288N MOTOR
RESET - . L) 2 ,,[ﬂ WINDINGS
Ename | Y TN A ' }I
Vret 0N o INN2 A wjos i -
N3 131 v/ os| os| o7
SENSE1 {
CONTROL HOME
SYNC.
' S-5846/L
Rs1=Rs2=0.50Q
- VE<12V@li=2A
D1 toD8 =2 AFastdiodes trr <200 ns

8/13

4




L298

Figure9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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DIM. mm inch :
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 5 D AGT MECHANICAL DATA
B 2.65 0.104
c 1.6 0.063
D 1 0.039 »
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 1.27 | 1.52 | 0.040 | 6.050 |0.060
G1 |17.53 |[17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 19.6 0772 |
H2 20.2 0.795
L | 219 | 222 | 225 | 0.862 | 0.874 | 0.886
L1 | 21.7 | 2211 | 22.5 | 0.854 [ 0.870 | 0.886
L2 |17.65 18.1 | 0.695 0.713
L3 |[17.25 ]| 17.5 | 17.75 | 0.679 | 0.689 |0.699
L4 | 103 | 107 | 10.9 |0.406 | 0.421 |0.429
L7 | 265 2.9 |0.104 0.114
M | 425 | 455 | 4.85 | 0.167 |0.179 |0.191
M1 | 463 | 5.08 | 553 |0.182 |0.200 |0.218
s 1.9 26 |0.075 0.102 '
s1 | 19 2.6 |0.075 0.102 Multiwatti5 VvV
Dia1 | 3.65 3.85 |0.144 0.152
Hi1
A - _
! C ~ —s+-<
— —
: ! ‘ d f iw
i A Dia 1 J
- - |
3 i
W = O O
o — I
. - 4
2 H2
B vy U
- _
F : G
M M Gi 1
10113 [77
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DIM mm inch :
“[mIN. [ TYP. [MAX. | MIN. | TYP. | MAX. - _OUTLINE AND
- MECHANICAL DATA
A 5 0.197 .
B 265 0.104
c 1.6 0.063
E | 049 0.55 |0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 114 | 127 | 1.4 |0.045] 0.050 | 0.055
G1 | 1757 | 17.78 [ 17.91 [ 0.692 [ 0.700 | 0.705
H1 | 196 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 |17.25 | 17.5 | 17.75 | 0.679 | 0.689 | 0.699
14 | 103 | 10.7 | 10.9 | 0.406 ] 0.421 | 0.420
L5 5.28 0.208
L6 2.38 0.094
L7 | 2.65 29 o104 0.114
s | 19 26 |0.075 0.102 .
st | 19 2.6 | 0.075 0.102 Multiwatt15 H
Dial | 3.65 3.85 | 0.144 0.152
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L298

DIM. mm inch ’
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
ail 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
[ 0.23 0.32 | 0.009 0.013
D(1) | 15.8 16 0.622 0.630
D1 9.4 9.8 | 0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1)] 10.9 11.1 ] 0.429 0.437
E2 29 0.114
E3 5.8 6.2 |0.228 0.244
G 0 0.1 0.000 0.004
H 15.5 *15.9 | 0.610 0.626
h 1.1 0.043 JEDEC MO-166
L 0.8 1.1 0.031 0.043
N 10° (max.) ’
'S 8° (max.)
LI I T d ey ' PowerS020
(1) "D and F" do not include mold flash or protrusions.
- Moldflash or protrusions shall not exceed 0.15 mm (0.006").
- Critical dimensions "E”, "G” and "a3”
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express wmten
approval of STMicroelectronics.
. The ST logo is a registered trademark of STMicroelectronics
© 2000 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
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Singapore - Spain - Sweden - Switzerland - United ngdom U.S.A.

http://www.st.com

‘ﬁ » ' ~ 1313




= =9
afnssulszma

Fo g vy . a A Y . ¢ )

Tnssnuiidufegarsdsfiieannnldfuanueynsizinnynaanaieg i

1 a s ‘a -4 [ ¢ A o o
TaomMze01989 91N1156NUTNY Ae.As. ¥iTuns yadovanyasal naesldfuui

Yo 2 o s 5 o 9 ¥ v v Y a

pazlgslTnulumsi Tasenu danedailuussnszqu wazaiasndnaulvinanay
o 1A - 4 5 o4 .
Aunthlumsiau souldfeernsdimdug Aigansnia daled Aldanveynsedly
msInssain vevevgauiuedrabetuitons naq au dmiumsithuieuedieiiihi uas

¥y
qamoil veveunauuediegadmiudeumanin

L) L]

WM R EHINGE
wwtlsel  29deswen

o o

Y
NIANT
QY



v A Y A
NHUITOD WD

o 4 Y a 3 [~ a
. aguan ludy, “ayniuluIasneuTnsaiaesaiiy Pic”, SuTundv idamesiuug,

ngamna: w.alal.

o a

J a 1Y v ) 4 Y a N . A
w3uns msw, “Gouduazidile lulnsneuInsames PIC duawuudn PicBasic Pro”, B

A A a d n’/’ A
NN, NIANWA: WUNATIN 1, 2547

v a - 5 Co 4 a
. Fw5und imsn, “SouduasidilvaorilaonssuluInsneuInsames PICI6F8777, 574,

E4
¢ o

AIANWA: WUNATIN 1, 2547

a dJda

a J Y J U ) {
.75 WSowed, “dunsgiindssavivuoua”, aweudaasumalulad (Ino-gijuw),

a o 3 =
AFIUNWA: WUNAIIN 1, 2547





