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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP | PLCC | TQFP | QFN | I/O/P Buffer Descrintion
Pin# | Pin# | Pin# | Pin# | Type Type P
PORTB is a bidirectional 1/0 port. PORTB can be
software programmed for internal weak pull-up on all
inputs.
RBO/INT 33 36 8 9 TTL/STW
RBO 110 Digital I/O.
INT | External interrupt.
RB1 34 37 9 10 110 TTL Digital I/O.
RB2 35 38 10 11 110 TTL Digital I/O.
RB3/PGM 36 39 11 12 TTL
RB3 lfe} Digital I/O.
PGM | Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 110 TTL Digital I/O.
RB5 38 42 15 15 lle} TTL Digital I/O.
RB6/PGC 39 | 43 | 16 16 TTUST®
RB6 lfe} Digital I/O.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 40 44 17 17 TTUST®
RB7 110 Digital I/O.
PGD 110 In-circuit debugger and ICSP programming data.
Legend: |=input O = output I/0 = input/output P = power

— =Notused 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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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
. PDIP | PLCC | TQFP | QFN 1/10/P Buffer .
Pin Name Pin# | Pin# | Pin# | Pin# | Type Type Description
PORTD is a bidirectional 1/O port or Parallel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 38 STTTL®
RDO 110 Digital I/0.
PSPO 1/0 Parallel Slave Port data.
RD1/PSP1 20 22 39 39 STTTLO®
RD1 110 Digital I/0.
PSP1 110 Parallel Slave Port data.
RD2/PSP2 21 23 40 40 STITTL®
RD2 110 Digital I/0.
PSP2 110 Parallel Slave Port data.
RD3/PSP3 22 24 41 a1 STTTLO®
RD3 110 Digital I/0.
PSP3 110 Parallel Slave Port data.
RD4/PSP4 27 30 2 2 STITTL®
RD4 110 Digital I/0.
PSP4 110 Parallel Slave Port data.
RD5/PSP5 28 31 3 3 STTTLO®
RD5 110 Digital I/0.
PSP5 110 Parallel Slave Port data.
RD6/PSP6 29 32 4 4 STTTL®
RD6 110 Digital I/0.
PSP6 1/0 Parallel Slave Port data.
RD7/PSP7 30 33 5 5 STTTLO®
RD7 110 Digital I/0.
PSP7 110 Parallel Slave Port data.
PORTE is a bidirectional 1/0 port.
REO/RD/AN5 8 9 25 25 STITTLO
REO 110 Digital 1/O.
RD | Read control for Parallel Slave Port.
AN5 | Analog input 5.
RE1/WR/AN6 9 10 26 26 STITTLO®
RE1 110 Digital 1/0.
WR | Write control for Parallel Slave Port.
ANG6 | Analog input 6.
RE2/CS/AN7 10 1 27 27 STTTLO®
RE2 le] Digital I/O.
Cs | Chip select control for Parallel Slave Port.
AN7 | Analog input 7.
Vss 12,31 13,34 | 6,29 | 6, 30, P — Ground reference for logic and 1/O pins.
31
VDD 11,32 (12,35| 7,28 | 7,8, P — Positive supply for logic and 1/O pins.
28, 29
NC — 1,17, | 12,13, 13 — — These pins are not internally connected. These pins
28,40 (33,34 should be left unconnected.
Legend: |=input O = output I/O = input/output P = power
— =Notused 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.

© 2001-2013 Microchip Technology Inc.

DS39582C-page 13




PIC16F87XA

An example of the complete four-word write sequence
is shown in Example 3-4. The initial address is loaded
into the EEADRH:EEADR register pair; the four words

of data are loaded using indirect addressing.

EXAMPLE 3-4:

WRITING TO FLASH PROGRAM MEMORY

7
7

7

7

This write routine assumes the following:

1. A valid starting address
2. The 8 bytes of data are loaded,

(the least significant bits =

‘*00’)is loaded in ADDRH:ADDRL
starting at the address in DATADDR

3. ADDRH, ADDRL and DATADDR are all located in shared data memory 0x70 - O0x7f

BSF
BCF
MOVF
MOVWF
MOVF
MOVWF
MOVF
MOVWF

LOOP MOVF

MOVWF
INCF
MOVF
MOVWF
INCF
BSF
BSF
BSF
BCF
MOVLW
MOVWF
MOVLW
MOVWF
BSF
NOP

Required
Sequence

NOP

BCF
BSF
BCF
INCF
MOVF
ANDLW
XORLW
BTFSC
GOTO

STATUS, RP1
STATUS, RPO
ADDRH, W
EEADRH
ADDRL, W
EEADR
DATAADDR, W
FSR

INDF, W
EEDATA
FSR,F
INDF, W
EEDATH
FSR,F
STATUS, RPO
EECON1, EEPGD
EECON1, WREN
INTCON, GIE
55h

EECON2

AAh

EECON2
EECON1, WR

EECON1, WREN
INTCON, GIE
STATUS, RPO
EEADR, F
EEADR, W
0x03

0x03
STATUS, Z
LOOP

Bank 2
Load initial address

Load initial data address
Load first data byte into lower

Next byte
Load second data byte into upper

Bank 3

Point to program memory

Enable writes

Disable interrupts (if using)
Start of required write sequence:
Write 55h

Write AAh

Set WR bit to begin write

Any instructions here are ignored as processor

halts to begin write sequence

processor will stop here and wait for write complete
after write processor continues with 3rd instruction
Disable writes

Enable interrupts (if using)

Bank 2

Increment address

Check if lower two bits of address are ‘00’
Indicates when four words have been programmed

Exit if more than four words,
Continue if less than four words

DS39582C-page 38
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PIC16F87XA

4.0 I/OPORTS

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

Additional information on I/O ports may be found in the
PIC® Mid-Range Reference Manual (DS33023).

4.1 PORTA and the TRISA Register

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

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

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open-drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and the analog VREeF input for both the A/D converters
and the comparators. The operation of each pin is
selected by clearing/setting the appropriate control bits
in the ADCON1 and/or CMCON registers.

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as ‘0’.
The comparators are in the off (digital)
state.

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

EXAMPLE 4-1: INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATUS, RP1 ; Banko0
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as '0'.
FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RAO0 PINS
Data Data Latch
Bus
D Q
VDD
WR
PORTA —
- CK
F 0 D—{ P 10 pin®
TRIS Latch J ’-'E
o oJH 1 HE
WR
TRISA —
/TP oK L Q Vss
Analog
Input
Mode
q
RD
TRISA TTL
Input
Buffer
Q D

EN
RD PORTA {>C

To A/D Converter or Comparator

—
-

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

© 2001-2013 Microchip Technology Inc.
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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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4.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F873A or PIC16F876A.

PORTD operates as an 8-bit wide Parallel Slave Port,
or microprocessor port, when control bit PSPMODE
(TRISE<4>) is set. In Slave mode, it is asynchronously
readable and writable by the external world through RD
control input pin, REO/RD/ANS, and WR control input
pin, REL/WR/ANG.

The PSP can directly interface to an 8-bit
microprocessor data bus. The external microprocessor
can read or write the PORTD latch as an 8-bit latch.
Setting bit PSPMODE enables port pin REO/RD/ANS to
be the RD input, RE1/WR/ANG to be the WR input and
RE2/CS/AN7 to be the CS (Chip Select) input. For this
functionality, the corresponding data direction bits of
the TRISE register (TRISE<2:0>) must be configured
as inputs (set). The A/D port configuration bits,
PCFG3:PCFGO (ADCON1<3:0>), must be set to
configure pins RE2:REO as digital 1/0.

There are actually two 8-bit latches: one for data output
and one for data input. The user writes 8-bit data to the
PORTD data latch and reads data from the port pin
latch (note that they have the same address). In this
mode, the TRISD register is ignored since the external
device is controlling the direction of data flow.

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Full
(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 4-11). The interrupt flag bit, PSPIF
(PIR1<7>), is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared
immediately (Figure 4-12), indicating that the PORTD
latch is waiting to be read by the external bus. When
either the CS or RD pin becomes high (level triggered),
the interrupt flag bit PSPIF is set on the Q4 clock cycle,
following the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written to
PORTD by the user firmware.

When not in PSP mode, the IBF and OBF bits are held
clear. However, if flag bit IBOV was previously set, it
must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).

FIGURE 4-10: PORTD AND PORTE

BLOCK DIAGRAM
(PARALLEL SLAVE PORT)

r—-— - - - - -- - - = B

Data B

| ata Bus o o I,/\ _ | HE

| WR I RDx pin

L e |

| ||

I Q D |

I I

| RD Port EN |

L — - = _—_—_ = d

One bit of PORTD

, Set Interrupt Flag *

~ PSPIF (PIR1<7>)

Chip Select

Write _
WR

Note 1: I/O pins have protection diodes to VDD and Vss.
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9.3.8 SLEEP OPERATION

In Master mode, all module clocks are halted and the
transmission/reception will remain in that state until the
device wakes from Sleep. After the device returns to
normal mode, the module will continue to transmit/
receive data.

In Slave mode, the SPI Transmit/Receive Shift register
operates asynchronously to the device. This allows the
device to be placed in Sleep mode and data to be
shifted into the SPI Transmit/Receive Shift register.
When all 8 bits have been received, the MSSP interrupt
flag bit will be set and if enabled, will wake the device
from Sleep.

9.3.9 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

9.3.10 BUS MODE COMPATIBILITY

Table 9-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits.

TABLE 9-1: SPI BUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, 0 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0

There is also a SMP bit which controls when the data is
sampled.

TABLE 9-2: REGISTERS ASSOCIATED WITH SPI OPERATION
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON | GIE/ | PEIE/ |[TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF [0000 000x[0000 000u
GIEH GIEL
PIR1 PSPIFD | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE [0000 0000{0000 0000
TRISC PORTC Data Direction Register 1111 1111{1111 1111
SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX|uuuu uuuu
SSPCON | WCOL |SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO [0000 0000[0000 0000
TRISA — PORTA Data Direction Register --11 1111|--11 1111
SSPSTAT | smp | cke | DA | P | | RW | uva | BF 0000 0000|0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’.

Shaded cells are not used by the MSSP in SPI mode.

Note 1:

The PSPIF, PSPIE and PSPIP bits are reserved on 28-pin devices; always maintain these bits clear.

© 2001-2013 Microchip Technology Inc.
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REGISTER 9-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: MSSP STATUS REGISTER (I°C MODE) (ADDRESS 94h)

RMW-0  R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE pbA | P | s | rRW | uan | BF
bit 7 bit 0

SMP: Slew Rate Control bit
In Master or Slave mode:
1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high-speed mode (400 kHz)
CKE: SMBus Select bit
In Master or Slave mode:
1 = Enable SMBus specific inputs
0 = Disable SMBus specific inputs
D/A: Data/Address bit
In Master mode:
Reserved.
In Slave mode:
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
P: Stop bit
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
Note:  This bit is cleared on Reset and when SSPEN is cleared.
S: Start bit

1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last

Note: This bit is cleared on Reset and when SSPEN is cleared.

R/W: Read/Write bit information (12C mode only)
In Slave mode:
1 =Read
0 = Write
Note:  This bit holds the R/W bit information following the last address match. This bit is
only valid from the address match to the next Start bit, Stop bit or not ACK bit.
In Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
Note: ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is
in Idle mode.

UA: Update Address (10-bit Slave mode only)

1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

In Transmit mode:

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

In Receive mode:

1 = Data Transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data Transmit complete (does not include the ACK and Stop bits), SSPBUF is empty

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 = Bit is unknown
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I2C SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 9-10:
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1°C SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 9-11:
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9.4.14 SLEEP OPERATION

While in Sleep mode, the I°2C module can receive
addresses or data and when an address match or com-
plete byte transfer occurs, wake the processor from
Sleep (if the MSSP interrupt is enabled).

9.4.15 EFFECT OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

9.4.16 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit (SSPSTAT<4>) is set, or the
bus is Idle, with both the S and P bits clear. When the
bus is busy, enabling the SSP interrupt will generate
the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is at
the expected output level. This check is performed in
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
« Address Transfer

» Data Transfer

« A Start Condition

* A Repeated Start Condition

« An Acknowledge Condition

9.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA by letting SDA float high and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a ‘1’ and the data sampled on the SDA pin = 0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF, and reset the
1°C port to its Idle state (Figure 9-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the 1°C
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge condition
was in progress when the bus collision occurred, the con-
dition is aborted, the SDA and SCL lines are deasserted
and the respective control bits in the SSPCONZ2 register
are cleared. When the user services the bus collision
Interrupt Service Routine and if the I2C bus is free, the
user can resume communication by asserting a Start
condition.

The Master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the determi-
nation of when the bus is free. Control of the I°C bus can
be taken when the P bit is set in the SSPSTAT register or
the bus is Idle and the S and P bits are cleared.

FIGURE 9-25: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
Data changes SDA line pulled low Sample SDA. While SCL is high,
while SCL= 0 by another source data doesn’t match what is driven
l by the master. Bus collision has occurred.
SDA released
l by master _l l

SDA \

SCL —\—/

BCLIF

Set bus collision
I interrupt (BCLIF)
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14.3 Reset

The PIC16F87XA differentiates between various kinds
of Reset:

« Power-on Reset (POR)

« MCLR Reset during normal operation

« MCLR Reset during Sleep

* WDT Reset (during normal operation)

« WDT Wake-up (during Sleep)

« Brown-out Reset (BOR)

Some registers are not affected in any Reset condition.

Their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset

state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR Reset during Sleep and Brown-
out Reset (BOR). They are not affected by a WDT
wake-up which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different Reset situations as indicated in
Table 14-4. These bits are used in software to deter-
mine the nature of the Reset. See Table 14-6 for a full
description of Reset states of all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 14-4.

FIGURE 14-4. SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
X—z
MCLR
Sleep
WDT WDT
Module | Time-out
Reset
VDD Rise
Detect
VDD Power-on Reset
Brown-out 4«' )
Reset BODEN S
OST/PWRT

OSsT

% 10-bit Ripple Counter I
osc1 E —d

> l—\ Chip_Reset
— "

(1)  PWRT

On-chi
Rg (C)Slpc 4|> 10-bit Ripple Counter l—

Enable PWRT

Enable OST

Note 1: This is a separate oscillator from the RC oscillator of the CLKI pin.
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TABLE 15-2: PIC16F87XA INSTRUCTION SET

Mnemonic, _— 14-Bit Opcode Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d Add W and f 1 00 0111 dfff ffff| C,DC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 1fff f£fff 4 2
CLRW - Clear W 1 00 0001 OxXXX XXXX Z
COMF f,d Complement f 1 00 1001 dJfff £fff 4 1,2
DECF f, d Decrement f 1 00 0011 dfff f£fff 4 1,2
DECFSzZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
INCF f,d Increment f 1 00 1010 dfff ffff z 1,2
INCFSZ f, d Increment f, Skip if O 1(2) 00 1111 dfff f£fff 1,2,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff z 1,2
MOVF f,d Move f 1 00 1000 dfff ffff z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff| C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff 4 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01 0lbb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f, b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add Literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND Literal with W 1 11 1001 kkkk kkkk 4
CALL k Call Subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TO,PD
GOTO k Go to Address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR Literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move Literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from Interrupt 2 00 0000 0000 1001
RETLW k Return with Literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into Standby mode 1 00 0000 0110 o0011| TO,PD
SUBLW k Subtract W from Literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR Literal with W 1 11 1010 kkkk kkkk z

Note 1: When an /O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a ‘0.
2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerO module.
3: If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.

Note:  Additional information on the mid-range instruction set is available in the PIC® Mid-Range MCU Family Ref-
erence Manual (DS33023).
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DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz f,d

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

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

Status Affected: None

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

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0< k<2047

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

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF f,d

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

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are

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

INCFSZ Increment f, Skip if O
Syntax: [label] INCFSZ f,d
Operands: 0<f<127
d € [0,1]
Operation: (f) + 1 — (destination),
skip if result=0
Status Affected: None
Description: The contents of register ‘f’ are
incremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1", the result is placed back in
register ‘f’.
If the result is ‘1", the next instruc-
tion is executed. If the result is ‘07,
aNoP is executed instead, making
it a 2 Tcy instruction.
IORLW Inclusive OR Literal with W
Syntax: [label] 1ORLW k
Operands: 0< k<255
Operation: (W) .OR. k = (W)
Status Affected: Z
Description: The contents of the W register are
OR’ed with the eight-bit literal 'k’
The result is placed in the W
register.
IORWF Inclusive OR W with f
Syntax: [label] 1ORWF f,d
Operands: 0<f<127
d e [0,1]
Operation: (W) .OR. (f) - (destination)
Status Affected: Z
Description: Inclusive OR the W register with

register ‘f'. If ‘d’ is ‘'0’, the result is
placed in the W register. If ‘d’ is
‘1", the result is placed back in
register ‘f.
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FIGURE 17-1: PIC16F87XA VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL, EXTENDED)
6.0V+
5.5V
5.0V
PIC16F87XA
o 45V
g 4.0V
S 35V :
3.0V |
2.5V |
2.0V |
I
I
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FIGURE 17-2: PIC16LF87XA VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
6.0V
5.5V
5.0V
o 45V-
2 40v] PICI6LF87XA
S 35V-
3.0V
2.5V :
2.0V |
| |
| |
| |
| |

4 MHz 10 MHz

Frequency

FMAX = (6.0 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz
Note 1: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
2: FMAX has a maximum frequency of 10 MHz.
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FIGURE 18-11: TYPICAL AND MAXIMUM AITMR1 vs. VDD OVER TEMPERATURE (-10°C TO +70°C,
TIMER1 WITH OSCILLATOR, XTAL =32 kHz, C1 AND C2 = 47 pF)
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FIGURE 18-12: TYPICAL AND MAXIMUM AIwDT vs. VDD OVER TEMPERATURE (WDT ENABLED)
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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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Special Function Registers .........ccoceecviiiieiiiniieiiece e 19
Special Function Registers (SFRS) ......ccccoevvieviiiiiiciieennn. 19
Speed, OPErating .......ccceerrvrreeriiiee et 1
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SPICIOCK ittt 76
Typical CONNECLION .......ovviiiiieeiiiiie e 75
SPI Mode ReqUIremMents .........coceevveeiiinieeniieiie e 190
SS et 71
SSP
SPI Master/Slave CONNECtion .........c.ccecvveiviniiienieenns 75
SSPADD REQGISEN ....eeiiiiiiiiiiieirie et 20
SSPBUF REQISLEN ...cciviiiiiiieiiiieee e 19
SSPCON REJISIEN ...eeiiiiiiiiiiieirie et 19
SSPCON2 REGISLEN ...ccvviiiiiiiiiiitie et 20
SSPUF s 26
SSPOV ot e 101
SSPSTAT REQISIEr ..ot 20
R/W Bit ......... ..84,85
STACK ettt 30
OVEIIOWS ..ot 30
UNAErfloOW ....ooeiiiieee e 30
Status Register
C Bt ettt 22

Synchronous Master Reception

Associated Registers .........ccooceevieiieiiieeniiiniieieens 123
Synchronous Master Transmission

Associated REgISIErS ........ccccviiiiieiiiieeniieeeseee s 122
Synchronous Serial Port Interrupt ...........cccceevevvieiiciieennnn. 26
Synchronous Slave Reception

Associated REgISIErS .........ccccevviiieiiiieeniieeeseee e 125
Synchronous Slave Transmission

Associated RegiSters ........cccocevvieiieiieeniiinieeiieens 125
T
TACKPSO Bit ..o 57
TACKPSL Bit oo 57
TLCON REJISIEN ..ttt 19
TLIOSCEN Bil .ueiiiiiieiiieieeieeeeie e

T1SYNC Bit ....
T2CKPSO Bit ..

T2CKPS1 Bit .....

T2CON REQISLEN ...eevieeiiieee ettt 19
TAD 131
TiME-0Ut SEQUENCE .....ovviiiiiiiiiiiieeee e 148

TIMEI0 .ot 53
Associated RegiSters .........ccccvevvviiiiiiieiiiienieeneeeenn 55
Clock Source Edge Select (TOSE Bit) .......ccccceevvveennes 23
Clock Source Select (TOCS Bit) ............... .23

External Clock .

INterrupt ... ..53
Overflow Enable (TMROIE Bit) .........ccocevvveniiiiniiinninens 24
Overflow Flag (TMROIF Bit) .....ccocoveviiiiiieineenen. 24,154
Overflow INErrupt ......oovvieeiiiie e 154
Prescaler ... 54
TOCKI ettt 54
TimerO and Timerl External Clock Requirements ........... 185
TIMEIL Lo .. 57
Associated Registers ... ..60
Asynchronous Counter Mode .. ..59
Reading and Writing to ..........cccoevevieiiiiciiecinene 59
Counter OPeration .........cccoveeiviienieeieenieeseeeee e 58
Operation in TiImer Mode .........cccooveiiiiieiiiiee e 58
OSCIllALOr ...t 59
Capacitor Selection .... ..59
Prescaler ..o .. 60
Resetting of Timerl Registers ..........cccceeuee.. .. 60
Resetting Timerl Using a CCP Trigger Output ......... 59
Synchronized Counter Mode ..........ccovvveeiiiieiiiieenns 58
TMRIH oo 59
TMRIL it 59
TIMEI2 oo 61
Associated RegiSters .........ccccvevvviiviiiieiiieenieeneeenn 62
Output ..o
Postscaler ...
Prescaler ........ccccovvnieennn. .
Prescaler and Postscaler ..........ccccoovviiiniiinic e, 62
Timing Diagrams
AID CONVEISION ...oviniiiiiieiiieciiee ettt 195
Acknowledge Sequence ...........cccccvveveiieiiieiieenieenene. 104
Asynchronous Master Transmission ...........cccceevuvee.. 116
Asynchronous Master Transmission
(Back to BaCK) ......ccoeeveeeniiiiiieieee e 116
Asynchronous ReCeption ..........ccccccveernveeenineesnnnen. 118
Asynchronous Reception with
Address Byte First ........ccccoviniiiniciiienieciene 120
Asynchronous Reception with
Address Detect ........ccoevvieiiiiiieniccee e 120
Baud Rate Generator with Clock Arbitration .............. 98
BRG Reset Due to SDA Arbitration During
Start Condition ..........cceeviiriiiiiene e 107
Brown-out Reset ..o 184
Bus Collision During a Repeated
Start Condition (Case 1) .......cccoevveviiieriienniienns 108
Bus Collision During Repeated
Start Condition (Case 2) .......cccevvcvveeriveeeiinnens 108
Bus Collision During Start Condition
(SCLZ0) eviiiieiieeiie ettt 107
Bus Collision During Start Condition
(SDA ONIY) ot 106
Bus Collision During Stop Condition
(CASE 1) oot 109
Bus Collision During Stop Condition
(CASE 2) .o
Bus Collision for Transmit and Acknowledge ...
Capture/Compare/PWM (CCP1 and CCP2) ..
CLKO and /O ......oociieiiiiiiiic e
Clock Synchronization ............ccccoevvernieeeeiiieeeiiieens
External CloCK ..........occoviiiiiiiiiiiicc e
First Start Bit .......ccccovvvievieiiieieciece e
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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PIC16F87XA PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X IXX XXX
'|' —|— —l— Examples:
Device Temperature Package Pattern a) PIC16F873A-/P 301 = Industrial temp., PDIP
Range package, normal VDD limits, QTP pattern #301.
b) PIC16LF876A-I/SO = Industrial temp., SOIC
package, Extended VDD limits.
Device PIC16F87XAD, PIC16F87XAT®); VoD range 4.0V to 5.5V ©) PICIEF877AI/P = Industrial temp., PDIP package,

@ @. 10 MHz, normal VDD limits.
PIC16LF87XA™, PIC16LF87XAT“; VDD range 2.0V to 5.5V

Temperature Range | -40°C to +85°C (Industrial)

Package ML = QFN (Metal Lead Frame)
PT = TQFP (Thin Quad Flatpack)
SO = SoIC
SP = Skinny Plastic DIP
P = PDIP
L = PLCC
S = SSOP Note 1: F = CMOS Flash
LF = Low-Power CMOS Flash
2: T = intape and reel - SOIC, PLCC,

TQFP packages only
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