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PIC16F870/871

TABLE 1-2: PIC16F871 PINOUT DESCRIPTION
. DIP PLCC QFP | l/O/P Buffer —
Pin Name Pint Pint Pin# | Type Type Description
OSC1/CLKI 13 14 30 | ST/cMOS® | Oscillator crystal input/external clock source input.
OSC2/CLKO 14 15 31 O — Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillator mode. In RC mode, OSC2 pin outputs CLKO,
which has 1/4 the frequency of OSC1, and denotes the
instruction cycle rate.
MCLR/VPP/THV 1 2 18 P ST Master Clear (Reset) input or programming voltage input or
High Voltage Test mode control. This pin is an active low
RESET to the device.
PORTA is a bi-directional I/O port.
RAO/ANO 19 1/0 TTL RAO can also be analog input 0.
RA1/AN1 20 I/0 TTL RAL can also be analog input 1.
RA2/AN2/VREF- 21 /0 TTL RAZ2 can also be analog input 2 or negative analog
reference voltage.
RA3/AN3/VREF+ 5 6 22 1/0 TTL RA3 can also be analog input 3 or positive analog
reference voltage.
RA4/TOCKI 6 7 23 /0 ST RA4 can also be the clock input to the Timer0
timer/counter. Output is open drain type.
RA5/AN4 7 8 24 I/0 TTL RAS can also be analog input 4.
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 1/0 TTL/STO RBO can also be the external interrupt pin.
RB1 34 37 9 /0 TTL
RB2 35 38 10 /0 TTL
RB3/PGM 36 39 11 /0 TTL/STD RB3 can also be the low voltage programming input.
RB4 37 41 14 1/0 TTL Interrupt-on-change pin.
RB5 38 42 15 1/0 TTL Interrupt-on-change pin.
RB6/PGC 39 43 16 /0 TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 /0 TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
PORTC is a bi-directional 1/O port.
RCO/T10SO/T1CKI 15 16 32 I/0 ST RCO can also be the Timerl oscillator output or a Timerl
clock input.
RC1/T10SI 16 18 35 I/0 ST RC1 can also be the Timer1l oscillator input.
RC2/CCP1 17 19 36 I/0 ST RC2 can also be the Capturel input/Comparel output/
PWML1 output.
RC3 18 20 37 I/0 ST
RC4 23 25 42 I/0 ST
RC5 24 26 43 I/0 ST
RC6/TX/CK 25 27 44 I/0 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/IDT 26 29 1 1/0 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Legend: | = input O = output 1/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 or LVP mode.

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.
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PIC16F870/871

2.2.25 PIR1 Register

The PIR1 register contains the individual flag bits for
the peripheral interrupts.

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt bits are clear prior to enabling an
interrupt.

REGISTER 2-5: PIR1 REGISTER (ADDRESS: 0Ch)

RW-0  R/W-0 R-0 R-0 U-0 RW-0 RMW-0  R/W-0
psPIF® | ADIF | RCIF | TXIF | — CCP1IF | TMR2IF | TMR1IF
bit 7 bit 0
bit 7 PSPIF(M: Parallel Slave Port Read/Write Interrupt Flag bit

1 = Aread or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred
bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
0 = The A/D conversion is not complete
bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full
0 = The USART receive buffer is empty
bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full
bit 3 Unimplemented: Read as ‘0’
bit 2 CCPL1IF: CCP1 Interrupt Flag bit

Capture mode:
1 = ATMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:
1 = ATMR1 register compare match occurred (must be cleared in software)

0 = No TMR1 register compare match occurred
PWM mode:
Unused in this mode.

bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: PSPIF is reserved on the PIC16F870; always maintain this bit clear.

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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PIC16F870/871

FIGURE 2-4: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1: RPO 6 from opcode 0 IRP 7 FSR Register 0
\ J NS v J . v N v J
Bank Select Location Select Bank Select Location Select
- > 00 01 10 1 </
00h 80h 100h 180h
Data
Memory®
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map detail see Figure 2-2.
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PIC16F870/871

4.4 PORTD and TRISD Registers

This section is not applicable to the PIC16F870.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or

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 4-6: PORTD BLOCK DIAGRAM

(IN /0 PORT MODE)

Data

WR

Port CK_\_

Data Latch

p— D Q

Bus D Q ;

X

1/0 pint)

WR
TRIS | Schmitt
R Gl Tigger \\/
TRIS Latch Input
/| Buffer
RD TRIS
/‘ Q D
EN
RD Port {>O _|
Note 1: I/O pins have protection diodes to VDD and Vss.
TABLE 4-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function

RDO/PSPO bit0 sT/TTLD Input/output port pin or parallel slave port bit0.
RD1/PSP1 bitl sT/TTLD Input/output port pin or parallel slave port bit1.
RD2/PSP2 bit2 sT/TTLD Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 sT/TTL® Input/output port pin or parallel slave port bit3.
RD4/PSP4 bit4 sT/TTLD Input/output port pin or parallel slave port bit4.
RD5/PSP5 bit5 sT/TTLD Input/output port pin or parallel slave port bit5.
RD6/PSP6 bit6 sT/TTL® Input/output port pin or parallel slave port bit6.
RD7/PSP7 bit7 sT/TTLD 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 I/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 4-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
value on: Value on
Address Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOI.? all other
' 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 | 1BOV | 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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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 register
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:T2CKPSO (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, TMR2ON
(T2CON<2>), to minimize power consumption.

Register 7-1 shows the Timer2 control register.
Additional information on timer modules is available in
the PIC® Mid-Range MCU Family Reference Manual
(DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Qe

RESET Prescaler
TMR2 Re —
111, 1.4, 1:16| OS¢/
Postscaler /I/Z
11 to 1:16| EQ
T2CKPS1:
4 T2CKPSO
T20UTPSS:
T20UTPSO

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

REGISTER 7-1:  T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
UO  RW-O RW-O RWO RWO RWO RWO  RMWO0
— | TOUTPS3| TOUTPS2 | TOUTPS1 | TOUTPSO| TMR20ON | T2CKPSL | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as '0’

bit 6-3 TOUTPS3:TOUTPSO: 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 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2000-2013 Microchip Technology Inc.
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PIC16F870/871

TABLE 9-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
) | kaup ErrOR VA€ | kgaup ERROR  VAU€ | kpAauD ERROR VA€
(decimal) (decimal) (decimal)
03 - - - - - - - - -
12 | 1221 1.75 255 1.202 017 207 1202 017 129
24 | 2404 017 129 2.404 017 103 2404 017 64
96 | 9.766 1.73 31 9.615 0.16 25 9766 173 15
192 | 19531 172 15 19231  0.16 12 19531 172 7
288 | 31250 851 9 27778 355 8 31250 851
336 | 34722 334 8 35714 6.29 6 31250  6.99
576 | 62500 851 62500 851 3 52083 958 2
HIGH | 1.221 ; 255 0.977 ; 255 0.610 ; 255
LOW | 312500 ; 0 250.000 ; 0 156.250 : 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
® | kgaup ERROR (d\éi:;eal) kBAup ERROR (d\éililr;eal)
03 | 0300 0 207 03 0 101
12 | 1.202 0.17 51 12 0 47
24 | 2404 0.17 25 24 0 23
96 | 8929 6.99 6 96 0 5
192 | 20833 851 2 19.2 0 2
288 | 31250 851 1 28.8 0 1
336 ; ; ; ; ; ;
576 | 62500 851 0 57.6 0 0
HIGH | 0.244 ; 255 0.225 ; 255
Low | 62.500 ; 0 57.6 ; 0
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TABLE 9-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on: Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOF-Q all other
' RESETS

0Bh, 8Bh, |INTCON GIE PEIE TOIE | INTE | RBIE TOIF INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh

0Ch PIR1 PSPIFD | ADIF | RCIF | TXIF | — | CCPLIF | TMR2IF | TMRLIF | 9000 -000 | 0000 -000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D | 0000 -00x | 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PsSPIE® | ADIE RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented, read as '0". Shaded cells are not used for synchronous master transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F870; always maintain these bits clear.

FIGURE 9-9: SYNCHRONOUS TRANSMISSION
ofedosedoyodedodafoseiesododedasodododed  [oden odedededorododedaroziodesriodedofedodedodarruskes
RC7/RX/DT pifl : e : bitOXl Bit L xl bit2><jD(' b7 X : bito X I Bt X GDCK
! . Word 1 ! . - Word 2 I L o
RCE/TXICK pin : IS o N vy N o G ey I v N vy N oy N s { G iy
Wiite to | | : | : : | : :
TXREG reg M , M , cc , , , \ e ,
Wrilte Word1 : Wmé Word2 : 2 : : : : )) :
TXIF bit i ! ' l ' ' ] ! )()( '
(Interrupt Flag) : : : : )()( : : : . :
TRMT bit : : ' ' (¢ f f : : (¢ f
\ \ \ \ pB) \ \ | l pB) \
S ' : ' (¢ | ' : (o
TXEN bit J)J pD)
Note: Sync Master mode; SPBRG = 0. Continuous transmission of two 8-bit words.

FIGURE 9-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X b0 X b X bit2 35 >< bits X bit7
RC6/TX/CK pin /—\g M
(

TXRl\ENGritSetS j ) g

- : ¢

TXIF bit { g
TRMT bit j )()(
(C
TXEN bit ))
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REGISTER 10-2: ADCON1 REGISTER (ADDRESS: 9Fh)

U-0 U-0 RIW-0 U-0 RW-0  RMW-0  RMW-0  RM-0
ADFM — | — | — | Ppcre3 | PCFG2 | PCFGL | PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0’.
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0’

bit 6-4 Unimplemented: Read as '0'
bit 3-0 PCFG3:PCFGO0: A/D Port Configuration Control bits:

PCFG3: | AN7® | AN6™ [ AN | AN4 | AN3 | AN2 | AN1 | ANO CHAN/
PCFGO | RE2 | RE1 | REO | RA5 | RA3 | RA2 | RA1 | RAQ | VREF' | VREF | pets@
0000 A A A A A A A A VDD | Vss 8/0
0001 A A A A | VREF+ | A A A RA3 | Vss 711
0010 D D D A A A A A VDD Vss 5/0
0011 D D D A | VREF+ | A A A RA3 | Vss a1
0100 D D D D A D A A VDD Vss 3/0
0101 D D D D | VReF+ | D A A RA3 | Vss 2/1
011x D D D D D D D D VDD | Vss 0/0
1000 A A A A | VREF+ | VREF- | A A RA3 | RA2 6/2
1001 D D A A A A A A VDD Vss 6/0
1010 D D A A | VREF+ | A A A RA3 | Vss 5/1
1011 D D A A | VREF+ | VREF- | A A RA3 | RA2 412
1100 D D D A | VREF+ | VREF- | A A RA3 | RA2 312
1101 D D D D | VREF+ | VREF- | A A RA3 | RA2 212
1110 D D D D D D D A VDD | Vss 1/0
1111 D D D D | VREF+ | VREF-| D A RA3 | RA2 1/2

A = Analog input D = Digital /10

Note 1: These channels are not available on the PIC16F870 device.

2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

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
The ADRESH:ADRESL registers contain the 10-bit To determine sample time, see Section 10.1. After this
result of the A/D conversion. When the A/D conversion acquisition time has elapsed, the A/D conversion can
is complete, the result is loaded into this A/D result reg- be started.

ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block
diagram of the A/D module is shown in Figure 10-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.
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10.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires a minimum 12 TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The four possible options for TAD
are:

» 2Tosc

* 8 Tosc

e 32 Tosc

* Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock
(TAaD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 10-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 10-1: Tabpvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCS0 Max.
2 Tosc 00 1.25 MHz
8 Tosc 01 5 MHz
32 Tosc 10 20 MHz
Rc(®:2.3) 11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 pus.

2:  When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only

recommended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Section 14.1 and 14.2).

10.3

The ADCONL1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or VoL) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the
conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device
specifications.

© 2000-2013 Microchip Technology Inc.

DS30569C-page 83



PIC16F870/871

REGISTER 11-1: CONFIGURATION WORD (ADDRESS 2007h)®

| cp1 | cpo [DEBUG| — |WRT|cPD|LVP | BOREN | CP1 | CPO |PWRTEN |WDTEN | FOSCL [ FOSCO |
bit 13 bit 0
bit 13-12, CP1:CPO: FLASH Program Memory Code Protection bits®

bit 5-4 11 = Code protection off

10 = Not supported
01 = Not supported
00 = Code protection on
bit 11 DEBUG: In-Circuit Debugger Mode
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose 1/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger
bit 10 Unimplemented: Read as ‘1’
bit 9 WRT: FLASH Program Memory Write Enable
1 = Unprotected program memory may be written to by EECON control
0 = Unprotected program memory may not be written to by EECON control
bit 8 CPD: Data EE Memory Code Protection
1 = Code protection off
0 = Data EEPROM memory code protected
bit 7 LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 is digital I/O, HV on MCLR must be used for programming
bit 6 BOREN: Brown-out Reset Enable bit(®
1 = BOR enabled
0 = BOR disabled
bit 3 PWRTEN: Power-up Timer Enable bit(®
1 = PWRT disabled
0 = PWRT enabled
bit 2 WDTEN: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 1-0 FOSC1:FOSCO: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

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 1: The erased (unprogrammed) value of the configuration word is 3FFFh.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.

3: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of the value of bit
PWRTEN. Ensure the Power-up Timer is enabled any time Brown-out Reset is enabled.
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FIGURE 11-9: INTERRUPT LOGIC
EEIF
EEIE
PSPIF
PSPIE
ADIF TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF :D
RCIE INTE Interrupt to CPU
RBIF
RBIE
CCP1IF
CCP1IE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMRI1IE

The following table shows which devices have which interrupts.

Device TOIF INTF RBIF PSPIF ADIF RCIF TXIF | CCP1IF | TMR2IF | TMR1IF EEIF
PIC18F870 Yes Yes Yes — Yes Yes Yes Yes Yes Yes Yes
PIC18F871 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

11.10.1 INT INTERRUPT 11.10.2 TMRO INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising, if bit INTEDG (OPTION_REG<6>) is set,
or falling, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit, GIE, decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 11.13 for details on SLEEP
mode.

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>) (Section 5.0).

11.10.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>)
(Section 4.2).

© 2000-2013 Microchip Technology Inc.
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FIGURE 14-10: PARALLEL SLAVE PORT TIMING (PIC16F871 ONLY)

RE2/CS S

RD7:RDO

Note: Refer to Figure 14-3 for load conditions.

TABLE 14-6: PARALLEL SLAVE PORT REQUIREMENTS (PIC16F871 ONLY)

Pilroam Sym Characteristic Min | TypT | Max | Units Conditions
62 Tdtv2wrH |Data in valid before WRT or CST (setup time) 20| — | — | ns
25 | — | — | ns |Extended range only
63* TwrH2dtl  |WRT or CS™ to data—in invalid (hold time) |Standard(F) | 20 | — | — | ns
Extended(LF) | 35 — — ns
64 TrdL2dtv  |RDY and CSJ to data—out valid — | — | 80| ns
— | — | 90 | ns |Extended range only
65 TrdH2dtl  |RD? or CSY to data—out invalid 10| — | 3 | ns

* These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 15-5: TYPICAL IpD vs. Fosc OVER VbD (LP MODE)
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FIGURE 15-6: MAXIMUM Ibb vs. Fosc OVER VDD (XT MODE)
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FIGURE 15-19: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VDD = 3V, -40°C TO 125°C)
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FIGURE 15-20: MINIMUM AND MAXIMUM VIN vs. VDD, (TTL INPUT, -40°C TO 125°C)
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Package Marking Information (Cont’d)

40-Lead PDIP Example
):90:9.9.9.9,.9.90.9.9.90.9.9.9.0.9.0.0.4 PIC16F871-1/P
) 9.9.9.90.9.9.90.9.9.9.0.9.9.0.9.9.0.4
> O XXKXXKXXKXXKXXKXXK > O O
YYWWNNN 0312017
o MICROCHIP o MICROCHIP

44-Lead TQFP Example
MICROCHIP MicRocHIP
XXXXXXXXXX PIC16F871
XXXXXXXXXX -IIPT
XXXXXXXXXX
O YYWWNNN O 0320017
44-Lead PLCC Example
O O
O o O Q
MiIcRoCcHIP MicrocHIP
XXXX XXX XXX PIC16F871
) 9,9.9.9.9.9.9.9.9,4 -l/L
XXXX XXX XXX
YYWWNNN O 0320017 O
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28-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

E—
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'y
T

100000000000T

IUTOumuumums

=N

n|:

Q

Il |

|
yL/Dﬂmmwﬂuﬂuﬂuﬂmc 8

"

0
TJ

¢
ﬁ\ L
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .026 0.65
Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .319 7.59 7.85 8.10
Molded Package Width E1 .201 .207 212 5.11 5.25 5.38
Overall Length D .396 402 407 10.06 10.20 10.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness c .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* 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: MS-150

Drawing No. C04-073
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for con-
verting from previous versions of a device to the ones
listed in this data sheet. Typically, these changes are
due to the differences in the process technology used.
An example of this type of conversion is from a
PIC17C756 to a PIC18F8720.

Not Applicable

APPENDIX D: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442." The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.
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APPENDIX E: MIGRATION FROM
HIGH-END TO
ENHANCED DEVICES

A detailed discussion of the migration pathway and dif-
ferences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXXX) is provided in AN726, “PIC17CXXX to
PIC18CXXX Migration.” This Application Note is
available as Literature Number DS00726.

© 2000-2013 Microchip Technology Inc.
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NOTES:
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Interrupts, Enable Bits

Global Interrupt Enable (GIE Bit) .........cccccoeveenieenne 18, 96
Interrupt-on-Change (RB7:RB4) Enable
(RBIE Bit) c.ee it 18, 97

Peripheral Interrupt Enable (PEIE Bit) . .18

RBO/INT Enable (INTE Bit) ............... ...18

TMRO Overflow Enable (TOIE Bit)........ccccoevevreiiennenns 18
Interrupts, Flag Bits

Interrupt-on-Change (RB7:RB4)

Flag (RBIF Bit) ..cccoooviiiiiiiieiiieiieieee 18, 35, 97

RBO/INT Flag (INTF Bit).....ccccovveiiieiiieiiciiieceeeiee e 18

TMRO Overflow Flag (TOIF Bit) .....ccccvvvveriiereriieeenes 97
L
Loading Of PC ......ooiiiiiie e 24
Low Voltage In-Circuit Serial Programming................ 87,102
M
Master Clear (MCLR)

MCLR Reset, Normal Operation.............ccccceeuveeen. 91, 93

MCLR Reset, SLEEP.......cccccociiiiiiiiiiiieceeee 91, 93
MCLR/VPPITHV PiN oot 7,8
Memory Organization

Data Memory ........

Program Memory
Migration from High-End to Enhanced Devices................ 159
Migration from Mid-Range to Enhanced Devices ............. 158
MPLAB ASM30 Assembler, Linker, Librarian ................... 112
MPLAB ICD 2 In-Circuit Debugger ..........ccceeveveeeniineennne. 113
MPLAB ICE 2000 High Performance Universal

In-Circuit EMUIator ..........ccccevviiiiiniiiiieece e 113
MPLAB ICE 4000 High Performance Universal

In-Circuit EMUulator ..........ccccevviiiiiniiiiiesiece e 113
MPLAB Integrated Development

Environment Software............c.ccocoviiiiiiiiici, 111
MPLINK Object Linker/MPLIB Object Librarian ................ 112
O
OPCODE Field DeSCriptions ..........ccccecviiiieiicieenieeiens 103
OPTION .ottt 15
OPTION REQISIEN ...cciiiiiiiiiiiie ettt 15
OPTION_REG REQISEr .....covviiiiiiiiieiiiciieerie e 14,17

INTEDG Bit ..o s 17

PSA Bl s 17

RBPU Bit.viieiieiieieciie e 17

TOCS Bit .17

TOSE Bit. .17
OSCL/CLKI PN ittt 7,8
OSC2/CLKO PiN ..o 7,8
Oscillator Configuration..............ccveeeieeiieeeniie e 87

HS e 89, 92

LP s 89, 92

RC... .89, 90, 92

XT e ... 89,92
OSCIllator, WDT ...t 99
Oscillators

Capacitor Selection...........coccevveiiieiieniiieie e 90

Crystal and Ceramic ResoNnators ...........cccoeeeeeiuveeennnes 89

RC s 90

P
PaCKAGING . ..veeieeeeeie et 149
Marking Information...........c.cccceveiiniciiieiieceenees 149
Parallel Slave Port (PSP)........ccccooviniiiniciiicnicce 9, 38, 42
Associated REJISIErS.........eviviieiriiiee e 43
REO/RD/ANS Pin ... 41, 42
RE1/WR/ANG Pin .... 41, 42
RE2/CS/ANT PiN .ot 41, 42
Select (PSPMODE Bit) ......cccovevereneennns 38, 39, 40, 42
PCL REJIStEr ....vveiiiiiiiiiiceie et 13, 14, 15, 24
PCLATH REQISIEr ...cveiveiieeieeececenece e 13, 14,15, 24
PCON REQISLEN .....cuviiiiiiiiciiciieeeceee e 14, 15, 92
BOR Bil......ovveciiaieiiiieseeieeenseies s 23
POR Bit....cooveoerrieenne. .23
PICkit 1 FLASH Starter Kit.. .. 115
PICSTART Plus Development Programmer..................... 113
PIEL REQISLEN ...t e 14,15
PIE2 REQISIET ...eeieiiiieieciiceeeee e 14, 15
Pinout Descriptions
PICLBF8T70 ..o 7
PICLOF8TL ...ttt 8

PIR1 Register ..
PIR2 Register ..

Associated RegiSters.........ccocviviiniiiiiic e
PORTA REQISEr ...ttt
RAO/AND PiN .o

RA1/AN1 Pin ..............
RA2/AN2/VREF- Pin....
RA2/AN2/VREF- Pin....
RA3/AN3/VREF+ PiN ..

RA3/AN3/VREF+ PiN ..o 8
RAAITOCKI PiN .o 7,8
RAS/ANZ PiN it 7,8
TRISA Register..

PORTA Register .. .. 13
PORTB ...ccoeecvveiieen . 7,8
PORTB REQIStEr........ccviiiiiiiiieiieiie e 35
Pull-up Enable (RBPU Bit)........cccocovveiiniiiieiiee e 17
RBO/INT Edge Select (INTEDG Bit) .......cccceevvirninenen. 17
RBO/INT PiN.cciiiiiiiiiiciieccie e 7,8
RBO/INT Pin, EXternal ............ccoeoeiiiiiiiiiiiien, 97
RBL PN oo 7,8
RB2 Pin ...... . 7,8
RB3/PGM Pin. . 7,8
RB4 Pin ...... . 7,8
RBS5 PiN .o 7,8
RB6/PGC PiN.....oouviiiiiiiiiiiiiiic s 7,8
RB7/PGD PiN...ociiiiiiiiciiiciit et 7,8
RB7:RB4 Interrupt-on-Change ..........c.ccovveevieinennnn. 97
RB7:RB4 Interrupt-on-Change
Enable (RBIE Bit) ......ccceevviniiieiieiiic e 18, 97
RB7:RB4 Interrupt-on-Change
Flag (RBIF Bit).......ccoviviiiiiiiicciice 18, 35, 97
TRISB REQISIEr.....cciiiiiiiiiiiie ettt 35
PORTB REQISIEr ......eiiiiiiiiiiieeciie e 13,15
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