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PIC16F87XA

2.2.2 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.

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
peripheral features section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Address|  Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 F\‘/gll;,eBogl:? oﬁe’;?:;e:
Bank O
00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000| 31, 150
0lh TMRO Timer0 Module Register xxxx xxxx| 55,150
02h®  |PCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
03h®  |sTATUS rp | rRer | rRro | To | A | z | bc | ¢ Jooo1 1sex 22,150
04h® FSR Indirect Data Memory Address Pointer xxxx xxxx| 31,150
osh  |PORTA — | —  |PORTA Data Latch when written: PORTA pins when read —-0x 0000] 43, 150
06h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx| 45,150
07h PORTC PORTC Data Latch when written: PORTC pins when read xxxx xxxx| 47,150
08h® PORTD PORTD Data Latch when written: PORTD pins when read xxxx xxxx| 48,150
09h®  |PORTE — — — — — RE2 RE1 REO |---- -xxx| 49,150
0AN®3)  |PCLATH — — — | Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 30, 150
0Bh® INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x| 24, 150
0Ch PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF TMR2IF | TMR1IF {0000 0000| 26, 150
0Dh PIR2 — CMIF — EEIF BCLIF — — CCP2IF |-0-0 0--0| 28,150
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 60, 150
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 60, 150
10h T1CON — | — |T10KPSl | T1CKPSO |T10$CEN| TISYNC | TMR1CS | TMR1ON | --00 0000| 57, 150
11h TMR2 Timer2 Module Register 0000 0000| 62,150
12h T2CON — [Toutpss|ToutpPs2| TouTPS1 | TOUTPSO| TMR2ON | T2CKPS1|T2CKPSO0|-000 0000] 61,150
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx| 79,150
14h SSPCON WCOL SSPOV | SSPEN CKP SSPM3 SSPM2 SSPM1 | SSPMO |0000 0000| 82,82,
150
15h CCPRI1L Capture/Compare/PWM Register 1 (LSB) xxxx xxxx| 63,150
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) xxxx xxxx| 63,150
17h CCP1CON — — CCP1X CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |--00 0000| 64,150
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |0000 000x| 112, 150
19h TXREG USART Transmit Data Register 0000 0000|118, 150
1Ah RCREG USART Receive Data Register 0000 0000|118, 150
1Bh CCPR2L Capture/Compare/PWM Register 2 (LSB) xxxx xxxx| 63,150
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) xxxx xxxx| 63,150
10h  [ccpacon — | — ] ccpax | ccpay | ccpama | ccpam2 | ccpami [ ccpamo [--0o0 ooool 64, 150
1Eh ADRESH A/D Result Register High Byte xxxx xxxx| 133, 150
1Fh  |ADcono aocst | Abcso | chsz | cHsi | chso [coBoNE| — [ apon [0000 00-0127,150
Legend: x = unknown, u = unchanged, g = 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

Note 1:
contents are transferred to the upper byte of the program counter.
2:  Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.
3:  These registers can be addressed from any bank.
4:  PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0’.
5:  Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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2223 INTCON Register Note: Interrupt flag bits are set when an interrupt
The INTCON register is a readable and writable regis- condition occurs regardless of the state of its
ter, which contains various enable and flag bits for the corresponding enable bit or the global
TMRO register overflow, RB port change and external enable bit, GIE (INTCON<7>). User software
RBO/INT pin interrupts. should ensure the appropriate interrupt flag
bits are clear prior to enabling an interrupt.

REGISTER 2-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF

bit 7 bit 0

GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts

0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO interrupt

INTE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt

0 = Disables the RBO/INT external interrupt
RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt
TMROIF: TMRO Overflow Interrupt Flag bit

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

INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).

0 = None of the RB7:RB4 pins have changed state

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

DS39582C-page 24
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NOTES:
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TABLE 4-3: PORTB FUNCTIONS
Name Bit# Buffer Function
RBO/INT bit 0 TTLISTD Input/output pin or external interrupt input. Internal software programmable
weak pull-up.
RB1 bit 1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit 2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3/PGM® | it 3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.
RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB5 bit 5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB6/PGC bit 6 TTLST® Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming clock.
RB7/PGD bit 7 TTLST® 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:

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 or in-circuit debugger.
3. 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 I/0 pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

TABLE 4-4. SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 ’ all other
POR, BOR
Resets
06h, 106h |PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO |xxxx xxxxX|uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111{1111 1111
81h, 181h |OPTION_REG | RBPU | INTEDG | T0CS | TOSE | PSA | PS2 | Ps1 | PSO |1111 11111111 1111
Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.

© 2001-2013 Microchip Technology Inc.
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4.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bidirectional 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 High-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 4-5). PORTC pins have Schmitt Trigger input
buffers.

When the 12C module is enabled, the PORTC<4:3>
pins can be configured with normal I2C 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
output, 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 the
destination, should be avoided. The user should refer
to the corresponding peripheral section for the correct
TRIS bit settings.
FIGURE 4-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,

RC<7:5>
Port/Peripheral Select®
Peripheral Data Out 0 VDD
Data Bus
D Q P
WR Port CR\_Q 1
Data Latch %
110
D Q pin®
WRTRIS| {cky N
TRIS Latch

) ]/\ Vss
RDTRIS | Schmitt K\
Trigger

< Q D
rD@ 1]

Peripheral
0E®

RD Port

Peripheral Input

Note 1: 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.

FIGURE

4-7. PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

Port/Peripheral Select®

Peripheral Data Out
0
VDD
Data Bus
D Q P
WR Port CK_Q 1
Data Latch %
110
¢+ D Q pin®)
WR TRIS cK 0 N
TRIS Latch

L
RD TRIS

]/\ Vss
Schmitt

Peripheral
OE®)

RD Port

Trigger %7 %7

Levels

SSP Input

e
Q D Schmitt
Trigger
EN with
—I SMBus

e

Note 1:

CKE
SSPSTAT<6>

1/0 pins have diode protection to VDD and Vss.
Port/Peripheral Select signal selects between port data
and peripheral output.

Peripheral OE (Output Enable) is only activated if
Peripheral Select is active.
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6.7 Resetting of Timerl Register Pair
(TMR1H, TMR1L)

TMR1H and TMRLL registers are not reset to 00h on a
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.

6.8

Timerl Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRLL registers.

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

value on: Value on

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ) all other
POR, BOR
Resets

0Bh,8Bh, |INTCON| GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x|{0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF®| ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |0000 0000({0000 0000
8Ch PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE {0000 0000|0000 0000
OEh TMR1L |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 Ticon | — | — |rickps1|TicKPSO|T10SCEN| TISYNC | TMR1CS [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 28-pin devices; always maintain these bits clear.

DS39582C-page 60
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TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
. . . . . . . . Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
0Bh,8Bh, [INTCON GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF {0000 000x[0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIFD|  ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF {0000 0000(0000 0000
0Dh PIR2 — — — — — — — CCP2IF |---- --- 0l---- --- 0
8Ch PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE {0000 0000{0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- 0l---- --- 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 1111{1111 1111
12h T2CON — | ToUTPS3|TOUTPS2|TOUTPS1|TOUTPSO0| TMR20ON | T2CKPS1 | T2CKPS0|-000 0000|-000 0000
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX[Uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX[Uuuuu uuuu
17h ccpicoN| — | — | cepix | cepiy |ccpim3|ccpim2 | cCPiML | CCPIMO|--00 0000[--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register 2 (LSB) XXXX XXXX|[uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register 2 (MSB) XXXX XXXX|uuuu uuuu
1Dh ccrecoN]| — | — | cepax | cepay | ccpams | cepamz | cepamt | copamo|--00 00oo]--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 28-pin devices; always maintain these bits clear.

© 2001-2013 Microchip Technology Inc.

DS39582C-page 69




PIC16F87XA

1°C SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS)

FIGURE 9-9:
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FIGURE 10-11:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

pin

Q2|Q3|Q4iQJl Q2|Q3|Q4: QllQ21Q3|Q4iQ1|Q2|Q3|Q4:Q1|Q2|Q3|Q4iQ1|Q2|Q3|Q4iQ1|Q2|Q3|Q4iQJJQ2|Q3|Q4iollQ2|Q3|Q4iniQ2|Q#Q4iQ1|Q2|Q3|Q4i

RC7/RX/DT . X bito “bit 1 it 2

‘bit 4 bit 5 bit 6 bit 7

RC6/TX/CK . |
pin ; . . .

Write to

bit SREN f

SREN bit !
CREN bit _‘0’

RCIF bit

(Interrupt)
Read

IR
—
L
-

RXREG

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRG = 0.

10.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in Sleep mode. Slave mode is
entered by clearing bit, CSRC (TXSTA<7>).

10.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the Sleep mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second word
to the TSR and flag bit TXIF will now be set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from Sleep and if the global interrupt is

enabled, the program will branch to the interrupt
vector (0004h).

When setting up a Synchronous Slave Transmission,
follow these steps:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

DS39582C-page 124
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13.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The Comparator Voltage Reference Generator is a
16-tap resistor ladder network that provides a fixed
voltage reference when the comparators are in mode
‘110’. A programmable register controls the function of
the reference generator. Register 13-1 lists the bit
functions of the CVRCON register.

As shown in Figure 13-1, the resistor ladder is seg-
mented to provide two ranges of CVREF values and has
a power-down function to conserve power when the
reference is not being used. The comparator reference

supply voltage (also referred to as CVRSRC) comes
directly from VDD. It should be noted, however, that the
voltage at the top of the ladder is CVRSRC — VSAT,
where VSAT is the saturation voltage of the power
switch transistor. This reference will only be as
accurate as the values of CVRSRC and VSAT.

The output of the reference generator may be con-
nected to the RA2/AN2/VREF-/CVREF pin. This can be
used as a simple D/A function by the user if a very high-
impedance load is used. The primary purpose of this
function is to provide a test path for testing the
reference generator function.

REGISTER 13-1: CVRCON CONTROL REGISTER (ADDRESS 9Dh)

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

u-0 R/W-0 R/W-0 R/W-0 R/W-0

CVREN | CVROE | CVRR | — | CVR3 | CVR2 | CVRL | CVRO
bit 7 bit 0
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on

0 = CVREF circuit powered down

bit 6 CVROE: Comparator VREF Output Enable bit

1 = CVREF voltage level is output on RA2/AN2/VREF-/CVREF pin

0 = CVREF voltage level is disconnected from RA2/AN2/VREF-/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit

1 = 0to 0.75 CVRSRC, with CVRSRC/24 step size
0 = 0.25 CVRsRc to 0.75 CVRSRC, with CVRSRC/32 step size

bit 4 Unimplemented: Read as ‘0’

bit 3-0 CVR3:CVRO: Comparator VREF Value Selection bits 0 < VR3:VR0 < 15

When CVRR = 1:

CVREF = (VR<3:0>/ 24) ¢ (CVRSRC)

When CVRR = 0:

CVREF = 1/4 ¢ (CVRSRC) + (VR3:VRO0/ 32) ¢ (CVRSRC)

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

© 2001-2013 Microchip Technology Inc.
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REGISTER 14-1: CONFIGURATION WORD (ADDRESS 2007h)(®

R/P-1 U0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 U0 U-O R/P-1 R/P-1 R/P-1 R/P-1
| cp | — |peBuc|wrT1|wrTo| cPD | LvP |[BOREN| — | — |[PWRTEN|WDTEN | Fosci | Fosco |
bit 13 bit0
bit 13 CP: Flash Program Memory Code Protection bit
1 = Code protection off
0 = All program memory code-protected
bit 12 Unimplemented: Read as ‘1’
bit 11 DEBUG: In-Circuit Debugger Mode bit
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 10-9 WRT1:WRTO Flash Program Memory Write Enable bits
For PIC16F876A/877A:
11 = Write protection off; all program memory may be written to by EECON control
10 = 0000h to 00FFh write-protected; 0100h to 1FFFh may be written to by EECON control
01 = 0000h to 07FFh write-protected; 0800h to 1FFFh may be written to by EECON control
00 = 0000h to OFFFh write-protected; 1000h to 1FFFh may be written to by EECON control
For PIC16F873A/874A:
11 = Write protection off; all program memory may be written to by EECON control
10 = 0000h to 00FFh write-protected; 0100h to OFFFh may be written to by EECON control
01 = 0000h to 03FFh write-protected; 0400h to OFFFh may be written to by EECON control
00 = 0000h to 07FFh write-protected; 0800h to OFFFh may be written to by EECON control
bit 8 CPD: Data EEPROM Memory Code Protection bit
1 = Data EEPROM code protection off
0 = Data EEPROM code-protected
bit 7 LVP: Low-Voltage (Single-Supply) In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function; low-voltage programming enabled
0 = RB3is digital I/0, HV on MCLR must be used for programming
bit 6 BOREN: Brown-out Reset Enable bit
1 = BOR enabled
0 = BOR disabled
bit 5-4 Unimplemented: Read as ‘1’
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 Foscl:FoscO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

Note 1: The erased (unprogrammed) value of the Configuration Word is 3FFFh.
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15.2 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: [label] ADDWF fd

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

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 Kk

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 result is placed in the W
register.

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0<f<127
d € [0,1]

Operation: (W) .AND. (f) - (destination)

Status Affected: Z

Description: AND the W register with register

‘.1 ‘d’ is ‘07, the result is stored in
the W register. If 'd’ is ‘1’, the
result is stored back in register ‘f".

BCF Bit Clear f

Syntax: [label ] BCF f,b

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 fb

Operands: 0<f<127
0<b<7

Operation: 1 — (f<b>)

Status Affected:  None

Description: Bit ‘b’ in register ‘' 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 ‘b’ in register ‘f'is ‘0’, the next
instruction is executed.
If bit ‘b’ is ‘17, then the next instruc-
tion is discarded and a NOP is
executed instead, making this a
2 Tcy instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [ label ] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =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
2 Tcy instruction.
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NOTES:
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FIGURE 17-4:  EXTERNAL CLOCK TIMING
| o o’ @ Q3 U !
osc1 / ' :
CLKO

TABLE 17-3: EXTERNAL CLOCK TIMING REQUIREMENTS

P;a\lrsm Symbol Characteristic Min | Typt Max | Units Conditions
Fosc External CLKI Frequency DC — 1 MHz |XT and RC Osc mode
(Note 1) DC — 20 | MHz |HS Osc mode
DC — 32 kHz |LP Osc mode
Oscillator Frequency DC — 4 MHz |RC Osc mode
(Note 1) 01 | — 4 | MHz |XT Osc mode
4 — 20 MHz |HS Osc mode
5 — 200 kHz |LP Osc mode
1 Tosc External CLKI Period 1000 — — ns |XT and RC Osc mode
(Note 1) 50 — — ns |HS Osc mode
5 — — pus |LP Osc mode
Oscillator Period 250 — — ns |RC Osc mode
(Note 1) 250 — 1 ps | XT Osc mode
100 — 250 ns |HS Osc mode
50 — 250 ns |HS Osc mode
31.25 — — pus |LP Osc mode
2 Tcy Instruction Cycle Time 200 Tcy DC ns |Tcy =4/Fosc
(Note 1)
3 TosL, External Clock in (OSC1) Highor | 100 — — ns |XT oscillator
TosH Low Time 2.5 — — us |LP oscillator
15 — — ns |HS oscillator
4 TosR, External Clock in (OSC1) Riseor | — — 25 ns |XT oscillator
TosF Fall Time — — 50 ns |LP oscillator
— — 15 ns |HS oscillator

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: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type, under standard operating conditions, with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at “min.” values with an
external clock applied to the OSC1/CLKI pin. When an external clock input is used, the “max.” cycle time
limit is “DC” (no clock) for all devices.
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TABLE 17-14: A/D CONVERTER CHARACTERISTICS:PIC16F873A/874A/876A/877A (INDUSTRIAL)
PIC16LF873A/874A/876A/877A (INDUSTRIAL)

Pilr:m Sym Characteristic Min Typt Max Units Conditions

A0l NR Resolution — — 10-bits bit |VREF =VDD =5.12V,
Vss < VAIN £ VREF

AO3 EiL Integral Linearity Error — — <%l LSb |VREF = VDD =5.12V,
Vss < VAIN £ VREF

AO4 EDL Differential Linearity Error — — <zl LSb |VREF = VDD = 5.12V,
Vss < VAIN < VREF

A06 EoFr |Offset Error — — <%2 LSb |VREF =VDD = 5.12V,
Vss < VAIN < VREF

AO07 EGN |Gain Error — — <x1 LSb |VREF =VDD = 5.12V,
Vss < VAIN < VREF

A10 — | Monotonicity — guaranteed(3) — — |Vss < VAN < VREF

A20 VREF |Reference Voltage (VREF+ — VREF-) 2.0 — VoD + 0.3 \%

A21 VREF+ |Reference Voltage High AVDD - 2.5V AVDD + 0.3V | V

A22 VREF- |Reference Voltage Low AVss - 0.3V VREF+—-2.0V| V

A25 VAIN |Analog Input Voltage Vss -0.3V — VREF + 0.3V \%

A30 ZAIN  |Recommended Impedance of — — 25 kQ |(Note 4)

Analog Voltage Source
A40 IAD A/D Conversion PIC16F87XA — 220 — nA | Average current
Current (VDD) PIC16LE87XA _ 90 _ LA consumption when A/D is

on (Note 1)

A50 IREF | VREF Input Current (Note 2) — — 5 pA |During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHoLD, see Section 11.1
“A/D Acquisition
Requirements”.

— — 150 pA |During A/D conversion

cycle

* 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.

Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec
includes any such leakage from the A/D module.
2:  VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
4:  Maximum allowed impedance for analog voltage source is 10 kQ. This requires higher acquisition time.

w
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FIGURE 18-13:

AlBOR vs. VDD OVER TEMPERATURE
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FIGURE 18-17: TYPICAL, MINIMUM AND MAXIMUM VoH vs. IoH (VDD = 3V, -40°C TO +125°C)
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FIGURE 18-18: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VDD = 5V, -40°C TO +125°C)

1.0
0.9
Max (125°C)
Typical: statistical mean @ 25°C
0.8 1 Maximum: mean + 3o (-40°C to +125°C)
Minimum: mean — 3c (-40°C to +125°C) /
0.7 ///?
0.6 / 7 Max (85°C) — ]
s /
- 0.5 1 /
9]
>
/ Typ (25°C)
" 7 /
031 /
- 7///
0.1 1 /
0.0
0 5 10 15 20 25

loL (-mA)

© 2001-2013 Microchip Technology Inc.

DS39582C-page 205



PIC16F87XA

28-Lead Skinny Plastic Dual In-line (SP) — 300 mil (PDIP)

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

[— ] —f—]

[T TP TP I P Y L L B |

=N

T e A O a  —a  wa  a B a O wa  wa  wa  a B =ae B a|

=}

g !
+
e
g

%
r
éé

B Al B1 J L
eB B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .140 .150 .160 3.56 3.81 4.06
Molded Package Thickness A2 125 .130 .135 3.18 3.30 3.43
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .300 .310 .325 7.62 7.87 8.26
Molded Package Width El .275 .285 .295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35.18
Tip to Seating Plane L 125 .130 135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .040 .053 .065 1.02 1.33 1.65
Lower Lead Width B .016 .019 .022 0.41 0.48 0.56
Overall Row Spacing 8 eB .320 .350 430 8.13 8.89 10.92
Mold Draft Angle Top [¢] 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension 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-095

Drawing No. C04-070
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Power-up Timer (PWRT) ..ccccooviiiiiiniieie e 148
PR2 REJISIEN ....eiiiiiiiiiie et 20,61
Prescaler, Timer0
Assignment (PSA Bit) .....ccooviiiiiiiiiiieiieccecees 23
Rate Select (PS2:PS0 BitS) .......ccccocvieiieniiniiiiiieeene. 23
PRO MATE Il Universal Device Programmer .................. 169
Program Counter
Reset Conditions ..........cooecieviiiniiiniiee e 149
Program MEemMOIY .....ccocoiiiiiiiiiei e 15
Interrupt VECTOr ..o 15
PaGING .oeiviiiieiie e 30
Program Memory Map and Stack
(PICL16F8T73A/BTAA) ..ot 15
Program Memory Map and Stack
(PICL16F8T76A/BTTA) ...ocveeiiiiiiiiie e 15
ReSet VECIOr .......cccoeiiiiiiiiiiiic e 15
Program Verification ..........c.cccooviiiiiniciiiciccic e 157
Programming Pin (VPP) ....coociieriiiiiiiieeesieee e 8
Programming, Device INStructions ..........c.cccccceevvveivennnn. 159

PSP. See Parallel Slave Port.
Pulse Width Modulation. See Capture/Compare/PWM,

PWM Mode.
PUSH .o 30
R
RAO/ANO Pin .
RAL/ANL Pin ..o
RA2/AN2/VREF-ICVREF PiN ...cccoviiiiiiiiiiciicceccceee 8,10
RAS/ANS/VREF+ PiN ..o 8,10
RA4/TOCKI/CIOUT Pin ...ccoviiiiiiiiiiie e 8,10
RAB/ANA/SS/C20UT PiN ..o, 8,10
RAM. See Data Memory.
RBO/INT PiN oo 9,11
RB1 Pin ..... ..9,11
RB2 Pin ..... ..9,11
RB3/PGM Pin ..911
RB4 PN i 9,11
RBS5 PiN oo
RBG/PGC PiN ..o
RB7/PGD PiN it

RCO/T10SO/T1CKI Pin ..
RC1/T10SI/CCP2 Pin ..
RC2/CCP1 Pin .............
RC3/SCKISCL PiN oo 9,12
RCA/SDI/SDA PN ..ooviiiiieee it 9,12
RC5/SDO PiN et 9,12
RCB/TX/CK PN oo 9,12
RCT7/RX/IDT PiN vt 9,12
RCREG REQJISLEN ..ottt 19
RCSTA Register
ADDEN Bit
CREN Bit .....
FERR Bl .vviecieieeeee e
OERR Bl .viciiiieicieeie e
RXO Bl .ttt
RXOD Bt ettt
SPEN Bit ..
SREN Bit ..
RDO/PSPO Pin ..
RDI/PSPL PN oot s
RD2/PSP2 PiN ..ottt
RD3/PSP3 PiN .ottt
RDA/PSPA PN ..o s
RDS5/PSPS5 PiN .ottt
RDB/PSPBE PiN ..ottt
RD7/PSPT7 PN et

REOQ/RD/ANS PiN ...ooooeeeieereeceseeesseesessees e 13
REL/WR/ANG PN ......oovooooenieeceeeicssseeie s 13
RE2/CSIANT PiN oot 13
Read-Modify-Write Operations .. 159
Register File .......ccocovvviiiiiiiiieee ... 16
Register File Map (PIC16F873A/874A) ... ... 18
Register File Map (PIC16F876A/87TA) ........ccccovvvevrnnne. 17
Registers

ADCONO (A/D CoNntrol 0) ....ccveeeeeieesiiieesieee e 127

ADCON2L (A/D CoNtrol 1) ..cccccveeeeieieeiiiieesiieeesiieee e 128

CCP1CON/CCP2CON (CCP Control 1

and CCP Control 2) .......coovcvveeiniieenieee e 64
CMCON (Comparator Control) ........cccccceevvieruennnene 135
CVRCON (Comparator Voltage
Reference Control) ........cccceevveeeiiiieeiieeen,

EECON1 (EEPROM Control 1) ......ccccoevveeiniiieeaieenn.

F SR s

INTCON L.

OPTION_REG ..oiiiiiiiiiiiiiieeee e

PCON (Power Control) ........c.cccocuvenee.

PIE1 (Peripheral Interrupt Enable 1) ...
PIE2 (Peripheral Interrupt Enable 2) ...
PIR1 (Peripheral Interrupt Request 1)
PIR2 (Peripheral Interrupt Request 2)
RCSTA (Receive Status and Control)

Special Function, SUMMAry ........cccccvvieniienieiieenn,
SSPCON (MSSP Control 1, 1°C Mode) ..........cc......... 82
SSPCON (MSSP Control 1, SPI Mode) ...........cce...... 73

SSPCON2 (MSSP Control 2, 12C Mode)
SSPSTAT (MSSP Status, I12C Mode) ...

SSPSTAT (MSSP Status, SPI Mode) .... e 12
SEAIUS oo 22
TL1CON (Timerl Control) .......ccceevviverniiieenniiee e 57
T2CON (Timer2 Control) .......c.ccevvveeiienieeiiiniieniees 61
TRISE REQISLET ...ttt 50
TXSTA (Transmit Status and Control) ..................... 111
RESEL ..o 143, 147

Brown-out Reset (BOR). See Brown-out Reset (BOR).
MCLR Reset. See MCLR.
Power-on Reset (POR). See Power-on Reset (POR).

Reset Conditions for PCON Register ...........ccccceeu. 149
Reset Conditions for Program Counter .................... 149
Reset Conditions for Status Register ............cccocue.... 149

WDT Reset. See Watchdog Timer (WDT).
Reset, Watchdog Timer, Oscillator Start-up Timer,
Power-up Timer and Brown-out Reset

ReqUIremMents ........coceeiiiiieiiiiiie e 184
ReVISION HISLOTY ...ccocvviiiiiiiiecieiee e 219
S
SCI. See USART.

SCK e et 71
L ) SRS 71
SDO oot e e e 71
Serial Clock, SCK ....iiiiiiiiieie e 71
Serial Communication Interface. See USART.

Serial Data IN, SDI ...cccoveiiiiiiiiee e

Serial Data Out, SDO
Serial Peripheral Interface. See SPI.

Slave Select Synchronization ..., 77
Slave Select, SS ..o 71
SIEEP 1ot 143, 147, 156
Software Simulator (MPLAB SIM) .....ccccooviviiiiiieniieeens 168
Software Simulator (MPLAB SIM30) .......cccceeviiniiinnieennn. 168
SPBRG REQJISIEN .....eiiiiiiiiiiieieteiee et 20
Special Features of the CPU ..........cccciiiiiiiiiiiieiieees 143

© 2001-2013 Microchip Technology Inc.

DS39582C-page 225



PIC16F87XA

I2C BUS DALA ...vvuvevieereeeieeiseeeeieeeesess s 191
12C BUS Start/Stop BitS ..........cccooeeurverrerrsreeeenean. 190
1°C Master Mode (Reception, 7-bit Address) ........... 103
I2C Master Mode (Transmission,

7 or 10-bit Address) .......ccccccevviivienieiinienieene 102
1°C Slave Mode (Transmission, 10-bit Address) ........ 89
1°C Slave Mode (Transmission, 7-bit Address) .......... 87
I°C Slave Mode with SEN = 1 (Reception,

10-bit ADAreSS) ...evveeiiieeiiiee e 93
12C Slave Mode with SEN = 0 (Reception,

10-bit ADAress) .....ccocviiiiiiiiiiieiie e 88
1°C Slave Mode with SEN = 0 (Reception,

7-bit ADAress) .....ocveviieiiiiiiciiii e 86
I°C Slave Mode with SEN = 1 (Reception,

7-bit ADAress) ...coveveeeiiieee e 92
Parallel Slave Port (PIC16F874A/877A Only) .......... 187
Parallel Slave Port (PSP) Read .........cccccecvevvvinnieennnn. 52
Parallel Slave Port (PSP) Write .......cccccovvveeiiiienniinen. 52
Repeat Start Condition ..........ccccocivviinicniiiciiecieee 100
Reset, Watchdog Timer, Start-up Timer

and Power-up TIMer .......cccccveviieeeeiiie e 184
Slave Mode General Call Address Sequence

(7 or 10-bit Address Mode) .........cccceevvreiiennenns 94
Slave Synchronization ...........cccccceeeiiveeniieeeniieeesns 7
Slow Rise Time (MCLR Tied to VDD via

RC Network) ......cccoovviiiiiiiiiiiciicciecee e 152
SPI Master Mode (CKE =0, SMP =0) ......cccvruenen. 188
SPI Master Mode (CKE =1, SMP = 1) ......ccoccevunene 188
SPI Mode (Master Mode) ..........ccceeiveivenniieniieesieeene. 76
SPI Mode (Slave Mode with CKE =0) . . 78
SPI Mode (Slave Mode with CKE = 1) ..........cceevveneen. 78
SPI Slave Mode (CKE = 0) ....ccccovviiiiiienieiieenieeiene 189
SPI Slave Mode (CKE = 1) ..ccevviiiieiiieenieee e 189
Stop Condition Receive or Transmit Mode .............. 104

Synchronous Reception
(Master Mode, SREN)
Synchronous Transmission
Synchronous Transmission (Through TXEN) .......... 122
Time-out Sequence on Power-up
(MCLR Not Tied to VDD)

CaSe 1 .o 152
CASE 2 oo 152
Time-out Sequence on Power-up (MCLR Tied
to VDD via RC Network) ........cccccevvevviiiiiiininens 151
TimerO and Timerl External Clock ............cccccooeeeen. 185
USART Synchronous Receive
(MaSter/SIave) .......c.ccovcvivciiiiiciiccece e 193
USART Synchronous Transmission
(MaSter/SIave) .......c.ccoocvivciiiiiciiccece e 193
Wake-up from Sleep via Interrupt ..........cccocvevvennnen. 157
Timing Parameter Symbology .........ccccvveeeeiieeiiiiiieeiieens 181
TMRO REQISIET ...ttt 19
TMRI1CS Bit ........ ... 57
TMR1H Register .... ... 19
TMRIL REQISLEN ...eeiiiiiie et 19
TMRLION Bt vttt 57
TMR2 REJISIEN .ttt 19
TMR20ON Bt ..c.oveiiiieiieecse e 61

TMRO Register
TOUTPSO Bit ...

TOUTPSL1 Bit ... ...61
TOUTPS2 Bit .oeiieeiiiieeit et 61
TOUTPSS3 Bl .oeeviiiciieieie e 61
TRISA REQISIEr ..ottt 20

TRISB REGISLET ....oeiiiiiiiiiicciie et 20
TRISC REJISIEN ...eeiiiiiiiiciiie et 20
TRISD REQISIEN ....veiiiiiiee et 20
TRISE Register ... .. 20

IBF Bit ..
IBOV Bit .. ... 50
OBF Bt c.eeiiieeiiieee sttt 50
PSPMODE Bit ..cc.eoivieiieiieeieieieecie e 48, 49, 50, 51
TXREG REQISIEr ...eeiiiiiiiiiieie et 19
TXSTA REQISIET ..ottt 20
BRGH Bit c..voiieiieiiiiiiieciee e 111
CSRC Bt e 111
SYNC Bit ... L1111
TRMT Bit . .111
TX9 Bit .... 111
TXOD Bl ettt 111
TXEN Bl oottt e 111
U
USART e 111
Address Detect Enable (ADDEN Bit) ........ccccceevveeen. 112
Asynchronous Mode ..........c.ccovveriienieciicnieeeee 115
Asynchronous Receive (9-bit Mode) ..........ccccoeveenee 119
Asynchronous Receive with Address Detect.
See Asynchronous Receive (9-bit Mode).
Asynchronous Receiver ...
Asynchronous Reception . .
Asynchronous TransSmitter ..........ccccocvveevveniinnnenene. 115
Baud Rate Generator (BRG) .......cccccvvvvierineenninnen. 113
Baud Rate Formula .............cccocceviiiiiinninnne 113
Baud Rates, Asynchronous Mode
(BRGH = 0) ..ooviicienreeeee e 114
Baud Rates, Asynchronous Mode
(BRGH = 1) oot
High Baud Rate Select (BRGH Bit) ..
SaMPIiNg .veeevieeeie .
Clock Source Select (CSRC Bit) ......ccoevvevviieniiennnene
Continuous Receive Enable (CREN Bit)
Framing Error (FERR Bit) .....ccccovveviiiiniieciieceen,
Mode Select (SYNC Bit) ....ccovvveviiiiieiieciiinieesiees
Overrun Error (OERR Bit) ................
Receive Data, 9th Bit (RX9D Bit)
Receive Enable, 9-bit (RX9 Bit) .......
Serial Port Enable (SPEN Bit) .........ccceeviieenne
Single Receive Enable (SREN Bit) .........cccccovverinines
Synchronous Master Mode ..........cccocevveviiiicniecnnen.
Synchronous Master Reception ...........ccocceveevveennns
Synchronous Master Transmission ............ccccceeenes
Synchronous Slave Mode ..........cccccocviviiiiiciiecneene
Synchronous Slave Reception ...
Synchronous Slave Transmit .....
Transmit Data, 9th Bit (TX9D) ... .
Transmit Enable (TXEN Bit) .......ccooeviiiieiiiiiieeee
Transmit Enable, 9-bit (TX9 Bit) ......c.cccceeviieiiiienene
Transmit Shift Register Status (TRMT Bit) .............. 111
USART Synchronous Receive Requirements ................. 193
\%
VDD PiN i 9,13
Voltage Reference Specifications ...........cccccvveviivernneeenne 180
VSS PN oo 9,13
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