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PIC16F87X

Key Features

PIC® MCU Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memor
(14-bi?words) ’ aK aK 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
1/0 Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
Pin Name D.IP SQIC vorp Buffer Description
Pin# Pin# Type Type
OSC1/CLKIN 9 9 | sT/ICMOS® | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 10 O — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/VPP 1 1 1P ST Master Clear (Reset) input or programming voltage input. This
pin is an active low RESET to the device.
PORTA is a bi-directional 1/0O port.
RAO/ANO 110 TTL RAOQ can also be analog inputO.
RA1/AN1 3 110 TTL RA1 can also be analog inputl.
RA2/AN2/VREF- 4 1/0 TTL RAZ2 can also be analog input2 or negative analog
reference voltage.
RA3/AN3/VREF+ 5 5 110 TTL RA3 can also be analog input3 or positive analog
reference voltage.
RA4/TOCKI 6 6 110 ST RA4 can also be the clock input to the TimerO
module. Output is open drain type.
RA5/SS/AN4 7 7 110 TTL RAS5 can also be analog input4 or the slave select
for the synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 21 110 TTL/STD RBO can also be the external interrupt pin.
RB1 22 22 lfe} TTL
RB2 23 23 lfe} TTL
RB3/PGM 24 24 110 TTL RB3 can also be the low voltage programming input.
RB4 25 25 1/0 TTL Interrupt-on-change pin.
RB5 26 26 1/0 TTL Interrupt-on-change pin.
RB6/PGC 27 27 1/0 TTLST® Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 1/0 TTLST® Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming data.
PORTC is a bi-directional I/0 port.
RCO/T10SO/T1CKI 11 11 I/0 ST RCO can also be the Timerl oscillator output or Timerl
clock input.
RC1/T10SIl/CCP2 12 12 I/0 ST RC1 can also be the Timerl oscillator input or Capture2
input/Compare2 output/PWM2 output.
RC2/CCP1 13 13 1/0 ST RC2 can also be the Capturel input/Comparel output/
PWML1 output.
RC3/SCK/SCL 14 14 1/0 ST RC3 can also be the synchronous serial clock input/output
for both SPI and 1°C modes.
RC4/SDI/SDA 15 15 1/0 ST RC4 can also be the SPI Data In (SPI mode) or
data 1/O (1°C mode).
RC5/SDO 16 16 110 ST RCS5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 17 17 1/0 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 1/0 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8,19 8,19 P — Ground reference for logic and 1/0O pins.
VDD 20 20 P — Positive supply for logic and 1/O pins.
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 the 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 in RC oscillator mode and a CMOS input otherwise.
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2.2.2

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

SPECIAL FUNCTION REGISTERS

given in Table 2-1.

The Special Function Registers can be classified into

two sets: core (CPU) and peripheral. Those registers

peripheral features section.

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

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY

Value on: | Details

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, on
BOR page:
Bank 0
00h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
01lh TMRO TimerO Module Register XXXX XXXX 47
02h®) PCL Program Counter (PC) Least Significant Byte 0000 0000 26
03n®  [staTUS rRp | R | R0 | TO PD z | pc | ¢ Jooor ixxx| 18
04h®) FSR Indirect Data Memory Address Pointer XXXX XXXX 27
05h PORTA = | = | PORTA Data Latch when written: PORTA pins when read --0x 0000 29
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXK XXXX 31
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXK XKXXX 33
08h*) PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX 35
09h™ PORTE — — — — — RE2 RE1 REO |---- -xxx| 36
0AhL3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
0Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
0Ch PIR1 PSPIF®) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 22
0Dh PIR2 — (5) — EEIF BCLIF = = CCP2IF | -r-0 0--0 24
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 52
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 52
10h T1CON — | —  Tmickps1] Tickpso | Ti0scen| Tisync | TMRics | TMRION | =00 oooo| 51
11h TMR2 Timer2 Module Register 0000 0000 55
12h T2CON — | 1outpss | Toutpsz] Toutps | TouTPso | TMR20N | T2ckPs1 | T2ckPS0 | -000 0000 | 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxX xxxx | 70,73
14h SSPCON wcoL | sspov | sspEN | ckp | sspm3 | sspm2 | ssPmi | ssPmo [o0000 oooo| 67
15h CCPRI1L Capture/Compare/PWM Registerl (LSB) XXXX XXXX 57
16h CCPR1H Capture/Compare/PWM Registerl (MSB) XXXX XXXX 57
17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 | CCP1MO | --00 0000 58
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 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) XXXX XXXX 57
1Dh CCP2CON — | — ] ccpax | ccpay | ccpams | ccpemz | ccpami | ccpemo [ --00 o000 | 58
1Eh ADRESH A/D Result Register High Byte XXXK XKXXX 116
1Fh ADCONO Apcs: | apcso | cHs2z | cHst | cHso | GomoNE| — | ApoN [o0o000 0o-of 11
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

arwn

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

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.

© 1998-2013 Microchip Technology Inc.
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2.2.2.2 OPTION_REG Register

The OPTION_REG Register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single assign-

Note:  To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Note:

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RMW-1  RMW-1 RW-1  RMW-1 RMW-1  RW-1
RBPU | INTEDG | Tocs | ToSE | PsA | Ps2 PS1 PSO
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 116 1:8

100 1:32 1:16

101 164 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’=Bitis cleared  x = Bitis unknown

When using low voltage ICSP programming (LVP) and the pull-ups on PORTB are enabled, bit 3
in the TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper oper-
ation of the device

© 1998-2013 Microchip Technology Inc. DS30292D-page 19
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25 Indirect Addressing, INDF and A simple program to clear RAM locations 20h-2Fh
FSR Registers using indirect addressing is shown in Example 2-2.
The INDF register is not a physical register. Addressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. MOVLH 0%20 ;initialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RAM
ister. Any instruction using the INDF register actually NEXT CLRF  INDF jclear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR,F  ;inc pointer
ister, FSR. Reading the INDF register itself, indirectly BTFSS FSR,4  jall done?
(FSR ="'0") will read 00h. Writing to the INDF register CONTINUE GOTO NEXT  ;no clear next
indirectly results in a no operation (although status bits .yes continue
may be affected). An effective 9-bit address is obtained '
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR register 0
- v J N N v J
Bank Select Location Select Bank Select Location Select
N </

» 00 01 10 11
00h 80h 100h 180h

Data
Memory®

7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

Note 1: For register file map detail, see Figure 2-3.
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NOTES:
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6.7 Resetting of Timerl Register Pair 6.8 Timerl Prescaler

(TMR1H, TMRIL) The prescaler counter is cleared on writes to the
TMR1H and TMRLL registers are not reset to 00h on a TMR1H or TMRIL 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 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0B8N IiNTcon | GIE | PEEE | TOE INTE RBIE TOIF INTF | RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMRI1IF | 0000 0000 | 0000 0000
8Ch PIE1 pspPIE® ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE | 0000 0000 | 0000 0000
OEh TMRI1L | Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
OFh TMR1H | Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
10h T1CON — ‘ — ‘ T1CKPSL1 | T1CKPSO | T1OSCEN ‘ T1SYNC | TMRLCS | TMRION | --00 0000 | --uu wuuu
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timerl module.

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

DS30292D-page 54 © 1998-2013 Microchip Technology Inc.
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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-0  RW-O  RWO RWO0 RWO
— — | ccpxx | ccPxy | ccPxm3 | ccPxM2 | ccPxMm1 | CCPxMO
bit 7 bit 0

Unimplemented: Read as '0’
CCPxX:CCPxY: PWM Least Significant 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:CCPxMO0: 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 bit is 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

DS30292D-page 58
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9.2.14 STOP CONDITION TIMING while SCL is high, the P bit (SSPSTAT<4>) is set. A
TBRG later, the PEN bit is cleared and the SSPIF bit is

A STOP bit is asserted on the SDA pin at the end of a set (Figure 9-17).

receive/transmit by setting the Stop Sequence Enable

bit, PEN (SSPCON2<2>). At the end of a receive/ Whenever the firmware decides to take control of the
transmit, the SCL line is held low after the falling edge bus, it will first determine if the bus is busy by checking
of the ninth clock. When the PEN bit is set, the master the S and P bits in the SSPSTAT register. If the bus is
will assert the SDA line low. When the SDA line is sam- busy, then the CPU can be interrupted (notified) when
pled low, the baud rate generator is reloaded and a STOP bit is detected (i.e., bus is free).

counts down to 0. When the baud rate generator times

out, the SCL pin will be brought high, and one TBRG 9.2.141 WCOL Status Flag

(baud rate generator rollover count) later, the SDA pin If the user writes the SSPBUF when a STOP sequence

will be de-asserted. When the SDA pin is sampled high is in progress, then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

FIGURE 9-17: STOP CONDITION RECEIVE OR TRANSMIT MODE

SCL =1 for TBRG, followed by SDA = 1 for TBRG

Write to SSPCON2 after SDA sampled high. P bit (SSPSTAT<4>) is set.

Set PEN__
Falling edge of J PEN bit (SSPCON2<2>) is cleared by
9th clock l - - hardware and the SSPIF bit is set
TBRG
st \_|— I
| I
SDA ACK | |
L P,
“—TBRG ——TBRG —*—TBRG —
SCL brought high after TBRG

SDA asserted low before rising edge of clock
to setup STOP condition

Note: TBRG = one baud rate generator period.
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10.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

TABLE 10-1: BAUD RATE FORMULA

It may be advantageous to use the high baud rate
(BRGH = 1), even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A
X =value in SPBRG (0 to 255)
TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
18h RCSTA SPEN RX9 SREN | CREN | ADDEN FERR | OERR | RX9D | 0000 000x | 0000 000x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented, read as '0'. Shaded cells are not used by the BRG.

© 1998-2013 Microchip Technology Inc.
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
® | keaup ERrROR |, YalU€ |y maup ERROR YA€ |kpaUD ERROR |, Yalue
(decimal) (decimal) (decimal)
0.3 - - - - - - - - -
1.2 1.221 1.75 255 1.202 0.17 207 1.202 0.17 129
2.4 2.404 0.17 129 2.404 0.17 103 2.404 0.17 64
9.6 9.766 1.73 31 9.615 0.16 25 9.766 1.73 15
19.2 | 19531 1.72 15 19.231 0.16 12 19531 172 7
288 | 31.250 8.51 9 27.778 3.55 8 31250 851 4
336 | 34.722 3.34 8 35.714 6.29 6 31250  6.99
57.6 | 62.500 8.51 4 62.500 8.51 3 52.083  9.58 2
HIGH | 1.221 - 255 0.977 - 255 0.610 - 255
LOW | 312.500 - 0 250.000 - 0 156.250 - 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
® | kgaup ERROR (d\éi:ﬁweal) kBaup ERROR (d\éililrjneal)
0.3 0.300 0 207 0.3 0 191
1.2 1.202 0.17 51 1.2 0 47
2.4 2.404 0.17 25 2.4 0 23
9.6 8.929 6.99 6 9.6 0 5
19.2 | 20.833 8.51 2 19.2 0 2
288 | 31.250 8.51 1 28.8 0 1
336 - - - - - -
576 | 62.500 8.51 0 57.6 0 0
HIGH | 0.244 - 255 0.225 - 255
LOW | 62.500 - 0 57.6 - 0
TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)
Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
) | kgaup ErRrROR |, YAU® | kgauD ERROR YA€ | kgAUD ERROR | VAlU€
(decimal) (decimal) (decimal)
0.3 - - - - - - - - -
1.2 - - - - - - - - -
2.4 - - - - - - 2.441 1.71 255
9.6 9.615 0.16 129 9.615 0.16 103 9.615 0.16 64
19.2 | 19.231 0.16 64 19.231 0.16 51 19.531 1.72 31
288 | 29.070 0.94 42 29.412 2.13 33 28.409 1.36 21
336 | 33.784 0.55 36 33.333 0.79 29 32.895 2.10 18
576 | 59.524 3.34 20 58.824 2.13 16 56.818 1.36 10
HIGH | 4.883 - 255 3.906 - 255 2.441 - 255
LOW | 1250.000 - 0 1000.000 0 625.000 - 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
® 1 eaup ERROR (decimal) | kBaup  ERROR  (jecimany
0.3 - - - - - -
1.2 1.202 0.17 207 1.2 0 191
2.4 2.404 0.17 103 2.4 0 95
9.6 9.615 0.16 25 9.6 0 23
192 | 19.231 0.16 12 19.2 0 11
288 | 27.798 3.55 8 28.8 0 7
336 | 35714 6.29 6 329 2.04 6
576 | 62.500 8.51 3 57.6 0 3
HIGH | 0.977 - 255 0.9 - 255
LOW | 250.000 - 0 230.4 - 0
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REGIST

ER 12-1: CONFIGURATION WORD (ADDRESS 2007h)%)

CP1

CPO | DEBUG = WRT | CPD | LVP | BODEN | CP1 | CPO | PWRTE | WDTE | FOSC1 | FOSCO

bit13

bit 13-12,

bit 5-4

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 3

bit 2

bit 1-0

Note 1:

bit0

CP1:CPO: FLASH Program Memory Code Protection bits®
11 = Code protection off

10 = 1F00h to 1FFFh code protected (PIC16F877, 876)

10 = OF00h to OFFFh code protected (PIC16F874, 873)

01 = 1000h to 1FFFh code protected (PIC16F877, 876)

01 = 0800h to OFFFh code protected (PIC16F874, 873)

00 = 0000h to 1FFFh code protected (PIC16F877, 876)

00 = 0000h to OFFFh code protected (PIC16F874, 873)

DEBUG: In-Circuit Debugger Mode
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose I/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger.

Unimplemented: Read as ‘1’

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

CPD: Data EE Memory Code Protection
1 = Code protection off
0 = Data EEPROM memory code protected

LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 is digital /0, HV on MCLR must be used for programming

BODEN: Brown-out Reset Enable bit®)
1 = BOR enabled
0 = BOR disabled

PWRTE: Power-up Timer Enable bit(®)
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled

FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

The erased (unprogrammed) value of the configuration word is 3FFFh.

All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.

Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled any time Brown-out Reset is enabled.
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12.10

The PIC16F87X family has up to 14 sources of inter-
rupt. The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has indi-
vidual and global interrupt enable bits.

Interrupts

Note: Individual interrupt flag bits are set, regard-
less of the status of their corresponding

mask bit, or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change inter-
rupt, and the TMRO overflow interrupt flags are con-
tained in the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers, PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two-cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit, PEIE bit, or GIE bit.

FIGURE 12-9: INTERRUPT LOGIC
EEIF
EEIE
PSPIF
PSPIE
ADIF TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
INTF :1:}
INTE Interrupt to CPU
RBIF
RBIE
PEIE
CCP1IF
CCP1IE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMRI1IE
CCP2IF
CCP2IE
BCLIF
BCLIE

The following table shows which devices have which interrupts.

Device TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRL1IF | EEIF | BCLIF | CCP2IF
PIC16F876/873 | Yes | Yes | Yes — Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
PIC16F877/874 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
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15.1

DC Characteristics: PIC16F873/874/876/877-04 (Commercial, Industrial)
PIC16F873/874/876/877-20 (Commercial, Industrial)
PIC16LF873/874/876/877-04 (Commercial, Industrial)

PIC16LF873/874/876/877-04
(Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
0°C < TA < +70°C for commercial

PIC16F873/874/876/877-04 Standard Operating Conditions (unless otherwise stated)
PIC16F873/874/876/877-20 Operating temperature  -40°C < TA < +85°C for industrial
(Commercial, Industrial) 0°C <TA< +70°C for commercial
Param | Symbol Characteristic/ Min | Typt | Max | Units Conditions
No. Device
VDD | Supply Voltage
D001 16LF87X 2.0 — 55 V LP, XT, RC osc configuration
(DC to 4 MHz)
D001 16F87X | 4.0 — 5.5 V  |LP, XT, RC osc configuration
DO01A 4.5 5.5 V | HS osc configuration
VBOR 5.5 V | BOR enabled, FMAX = 14 MHz(")
D002 VDR | RAM Data Retention — 15 — Vv
Voltage®
D003 VPOR | VDD Start Voltage to — Vss — V | See section on Power-on Reset for
ensure internal Power-on details
Reset signal
D004 SvbD | VDD Rise Rate to ensure | 0.05 — — | VIms | See section on Power-on Reset for
internal Power-on Reset details
signal
D005 VBOR |Brown-out Reset 3.7 4.0 4.35 V | BODEN bit in configuration word
Voltage enabled
Legend: Rows with standard voltage device data only are shaded for improved readability.
T Datain “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only, and are not tested.
Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/0O pin
loading, switching rate, oscillator type, internal code execution pattern and temperature also have an impact
on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

4: For RC osc configuration, current through REXT is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.

5: Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.

7: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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FIGURE 15-13: SPI MASTER MODE TIMING (CKE =0, SMP = 0)

(CKP =1) : \ l A f

SDO

SDI

Note: Refer to Figure 15-5 for load conditions.

FIGURE 15-14: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

SDO XY . 1MSb X BIT6-;—?—---1 >< LSb

SDI z--1 LSb IN

Note: Refer to Figure 15-5 for load conditions.
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28-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging
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— — 2
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h —] |———
|—-—
45°
1 t |
1J L AR M| min minin mininInininini )Mo
b g o
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .050 1.27
Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width E1l .288 .295 .299 7.32 7.49 7.59
Overall Length D .695 .704 712 17.65 17.87 18.08
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle Top ¢ 0 4 8 0 4 8
Lead Thickness c .009 .011 .013 0.23 0.28 0.33
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top [¢] 0 12 15 0 12 15
Mold Draft Angle Bottom § 0 12 15 0 12 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: MS-013
Drawing No. C04-052
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APPENDIX C: CONVERSION
CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.

TABLE C-1: CONVERSION
CONSIDERATIONS

Characteristic PIC16C7X PIC16F87X
Pins 28/40 28/40
Timers 3 3
Interrupts 11 or 12 13 o0r14
Communication PSP, USART, PSP, USART,
SSP(SPI,12C | SSP (SPI, I°C
Slave) Master/Slave)
Frequency 20 MHz 20 MHz
Voltage 2.5V -5.5V 2.0V -5.5V
A/D 8-bit 10-bit
CCP 2 2
Program 4K, 8K 4K, 8K
Memory EPROM FLASH
RAM 192, 368 192, 368
bytes bytes
EEPROM data None 128, 256
bytes
Other — In-Circuit
Debugger,
Low Voltage

Programming
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Master Mode Operation ...........cccceeecveeieenieeenieeesiee e 79
Master Mode START Condition ..........ccccccvevvvvnnieeenn. 80
Master Mode TransmisSion .........ccccoeveeerieeeeninee e, 82
Master Mode Transmit Sequence . .. 79
Multi-Master Communication ..... ...89
Multi-master Mode ............c........ ... 78
OPEIALION ..cvviiiiieiieiee e 73
Repeat START Condition Timing ........cccccceeevvvrnieennnn. 81
SIAVE MOAE ...t 74
Block Diagram .........cccoceevviiiiiiiieiiecnieeieesneee 73

Slave ReCEPLiON .......ccviiiiiiieiieet e 74
Slave TranSMISSION .....c.ccevveieeiisiiie e 75
SSPBUF ...ttt . 73
STOP Condition Receive or Transmit Timing ....87
STOP Condition TIMING ...cooocveviiiieeiieeriieeenee ... 87
Waveforms for 7-bit Reception ...........cccceeevieivencnennns 75
Waveforms for 7-bit Transmission ...........ccccccvveveveens 76

1°C Module Address Register, SSPADD ........cccccevevnierenns 73
12C SIaVe MOGE ......vvevvevecireiieieeieeeeeiesiee e 74
ICEPIC In-Circuit Emulator ...........cccccoeviiniiiciieniiiceen, 144
ID LOCALIONS ..cvevieeiiieeeeieee e ... 119,133
In-Circuit Serial Programming (ICSP) ... ...119,134
INDF ettt 17
INDF REQISIEN ...eiiiieeiiitee it 15, 16, 27
Indirect AAresSing ......ccccvveriiiiieiiieiicce e 27
FSR REGISLEr ...oeiiiiiiiiiiiccie e 12
INStruction FOrmMat .........ccoocveiiiiiiiieee e 135
INSEIUCHION SEL ..o 135
ADDLW L.t 137
ADDWE ..ot 137
ANDLW Lo 137
ANDWE Lottt 137
BCF o 137

CLRWDT ..ot 138
COMPF oo 138
DECF oo 138

RETFIE ..o 140
RETLW i 140

RETURN ..o 141
RLF s 141

INT Interrupt (RBO/INT). See Interrupt Sources

INTCON ottt 17

INTCON REQISLEN ...ttt 20
GIE Bit .......
INTE Bit ..
INTF Bit ..
PEIE Bit eoeutiiieieeieee e
RBIE Bt ..cvviiiieiieiieienie ettt
RBIF Bit oo
TOIE Bt ettt
TOIF Bit

Inter-Integrated Circuit (I2C) .........ooveevevereeeeeeeeesereeeneeeens 65

Internal Sampling Switch (Rss) Impedence ..................... 114

Interrupt SOUrCes ..........ccccceveiiiiiiiiiee e, 119,129
Block Diagram .........cccceeeiiiieeiiiieeniec e 129
Interrupt-on-Change (RB7:RB4 ) ......ccccovviiiveiiennn. 31
RBO/INT Pin, External ..........c.ccovievieiinicnneennee. 7,8,130
TMRO OVErflow ......ccccviiiiiiiiiiiii e, 130
USART Receive/Transmit Complete ..........c.ccoevenee. 95

Interrupts
Bus Collision Interrupt ............ccceee.n.

Synchronous Serial Port Interrupt ...
Interrupts, Context Saving DUriNg .........ccocceevcviiiicniecnnene
Interrupts, Enable Bits

Global Interrupt Enable (GIE Bit) .........cccccovevnne 20,129

Interrupt-on-Change (RB7:RB4) Enable

(RBIE Bit) oecvviiiiiciiciiiie e 130

Interrupt-on-Change (RB7:RB4) Enable

(RBIE Bit) oeevveeeiiicieesieee e 20

Peripheral Interrupt Enable (PEIE Bit) ... .20

RBO/INT Enable (INTE Bit) ................. ... 20

TMRO Overflow Enable (TOIE Bit) .......c.cccccvrriviininens 20

Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4) Flag
(RBIF BIt) oveievieiiieiieiiieie e 130
Interrupt-on-Change (RB7:RB4) Flag
(RBIF Bit) .........
RBO/INT Flag (INTF Bit)
TMRO Overflow Flag (TOIF Bit) .....cccovvvveirieeennne 20,130

K

KEELOQ Evaluation and Programming Tools ................... 146

L
Loading of PC .....coiiiiiiiece e 26

M

Master Clear (MCLR) ......coocveiiiiiieiieciiieiceseee e
MCLR Reset, Normal Operation ...............
MCLR Reset, SLEEP ........c..ccccooeiiiinnnnene

Memory Organization
Data MEMOIY ....cooviiiiiiiiiiie s
Program Memory .......ccccceeeeveiinnieeenennnne

MPLAB C17 and MPLAB C18 C Compilers .. .

MPLAB ICD In-Circuit Debugger .........cccecvevciiiiiciieennene

MPLAB ICE High Performance Universal In-Circuit

Emulator with MPLAB IDE ..........ccccooiiiiiiieiie e 144

MPLAB Integrated Development Environment Software . 143

MPLINK Object Linker/MPLIB Object Librarian ............... 144

Multi-Master CommuniCation ............ccccvvverrieeiiienie s, 89

Multi-Master Mode ..........ccceeiiiiiiiiieiiiieecee e 78
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connectingtothe Microchip Internet Web Site

The Microchip web site is available by using your
favorite Internet browser to attach to:

www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

« Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

 Design Tips

« Device Errata

« Job Postings

» Microchip Consultant Program Member Listing

* Links to other useful web sites related to
Microchip Products

» Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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