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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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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.

DS30292D-page 4 © 1998-2013 Microchip Technology Inc.



PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
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Note 1: Higher order bits are from the STATUS register.

DS30292D-page 6 © 1998-2013 Microchip Technology Inc.



PIC16F87X

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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2224 PIE1 Register

The PIE1 register contains the individual enable bits for Note: Bit PEIE (INTCON<6>) must be set to
the peripheral interrupts. enable any peripheral interrupt.

REGISTER 2-4: PIE1 REGISTER (ADDRESS 8Ch)

R/W-0 RW-0  RMW-0  R/W-0 R/W-0 RW-0 R/MW-0  R/MW-0
PsPE® | ADIE | RCIE | TXIEE | SSPIE CCP1IE | TMR2IE | TMRLIE
bit 7 bit 0
bit 7 PSPIE®: Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt

bit 5 RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4 TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3 SSPIE: Synchronous Serial Port Interrupt Enable bit

1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2 CCPL1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1. PSPIE is reserved on PIC16F873/876 devices; always maintain this bit clear.

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

© 1998-2013 Microchip Technology Inc. DS30292D-page 21
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NOTES:
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TABLE 3-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timerl oscillator output/Timerl clock input.

RC1/T10Sl/CCP2 bitl ST Input/output port pin or Timerl oscillator input or Capture2 input/
Compare2 output/PWM2 output.

RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/
PWM1 output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI
and I°C modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/O (12C mode).

RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output.

RC6/TX/CK bit6 ST Input/output port pin or USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: | Valueon all
Address | Name | Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO POR, other
BOR RESETS
07h PORTC | RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged

DS30292D-page 34
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3.4 PORTD and TRISD Registers

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

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

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

FIGURE 3-7: PORTD BLOCK DIAGRAM
(IN'I/O PORT MODE)
Data Data Latch /0 pin®
Bus D Q‘l}—<
WR H‘E
Port CK_\_
TRIS Latch
D Q
WR
TRIS .
= CcK L Schmitt
T
e Y
/| Buffer
RD ‘\l\l
TRIS

T3

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

TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO bit0 sTrTL® Input/output port pin or parallel slave port bitO.
RD1/PSP1 bit1 sT/TTL® Input/output port pin or parallel slave port bit1.
RD2/PSP2 bit2 sTrTL® Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 sTrTL® Input/output port pin or parallel slave port bit3.
RD4/PSP4 bit4 sT/TTL® Input/output port pin or parallel slave port bit4.
RD5/PSP5 bit5 sTrTL® Input/output port pin or parallel slave port bit5.
RD6/PSP6 bit6 sTrTL® Input/output port pin or parallel slave port bit6.
RD7/PSP7 bit7 sT/TTL® Input/output port pin or parallel slave port bit7.

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

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

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: | Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, all other
BOR RESETS
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO | xxxx xxxx | uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111|1111 1111
89h TRISE IBF \ OBF | IBOV \ PSPMODE | — |PORTE Data Direction Bits | 0000 -111 | 0000 -111
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PORTD.

© 1998-2013 Microchip Technology Inc.
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO
Value on: | Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO POR, all other
BOR RESETS
01h,101h |TMRO TimerO Module’s Register XXXX XXXX |uuuu uuuu
0Bh,8Bh, [INTCON GIE | PEIE | TOIE | INTE | RBIE | TOIF | INTF | RBIF | 0000 000x[0000 000u
10Bh,18Bh
81h,181h |OPTION_REG | RBPU | INTEDG [ TOCS |TOSE| PSA | PS2 | PS1 | PSO |1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'.

Shaded cells are not used by TimerO.

© 1998-2013 Microchip Technology Inc.
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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.
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9.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:

« Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (I2C)

Figure 9-1 shows a block diagram for the SPI mode,
while Figure 9-5 and Figure 9-9 show the block dia-
grams for the two different 12C modes of operation.

The Application Note AN734, “Using the PIC® MCU
SSP for Slave 1°C™ Communication” describes the
slave operation of the MSSP module on the
PIC16F87X devices. AN735, “Using the PIC® MCU
MSSP Module for I2C™ Communications” describes
the master operation of the MSSP module on the
PIC16F87X devices.

© 1998-2013 Microchip Technology Inc.
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REGISTER 9-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit

SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

RIW-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P s | RW | uva | BF
bit 7 bit 0

SMP: Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in slave mode

In 12C 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: SPI Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4)

SPI_mode:

For CKP =0

1 = Data transmitted on rising edge of SCK

0 = Data transmitted on falling edge of SCK

For CKP =1

1 = Data transmitted on falling edge of SCK

0 = Data transmitted on rising edge of SCK

In 12C Master or Slave mode:

1 = Input levels conform to SMBus spec

0 = Input levels conform to 1’c specs

D/A: Data/Address bit (I°C mode only)

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

(IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a STOP bit has been detected last (this bit is '0' on RESET)

0 = STOP bit was not detected last

S: START bit

(IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a START bit has been detected last (this bit is '0' on RESET)

0 = START bit was not detected last

R/W: Read/Write bit Information (I2C mode only)

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 I2C Slave mode:

1 = Read

0 = Write

In 12C Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress

Logical OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in IDLE mode.
UA: Update Address (10-hit I°C 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

Receive (SPI and 12C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit (12C mode only):

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’ = Bit is cleared X = Bit is unknown

DS30292D-page 66
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9.1 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPI are supported. To accomplish communi-
cation, typically three pins are used:

 Serial Data Out (SDO)
« Serial Data In (SDI)
 Serial Clock (SCK)

Additionally, a fourth pin may be used when in a Slave
mode of operation:

- Slave Select (SS)
When initializing the SPI, several options need to be
specified. This is done by programming the appropriate

control bits (SSPCON<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCK is the clock output)
» Slave mode (SCK is the clock input)
e Clock Polarity (Idle state of SCK)
» Data input sample phase
(middle or end of data output time)
* Clock edge
(output data on rising/falling edge of SCK)
» Clock Rate (Master mode only)
« Slave Select mode (Slave mode only)

Figure 9-4 shows the block diagram of the MSSP mod-
ule when in SPI mode.

To enable the serial port, MSSP Enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
isters, and then set bit SSPEN. This configures the
SDI, SDO, SCK and SS pins as serial port pins. For the
pins to behave as the serial port function, some must
have their data direction bits (in the TRIS register)
appropriately programmed. That is:

» SDI is automatically controlled by the SPI module

* SDO must have TRISC<5> cleared

e SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

+ SS must have TRISA<5> set and register
ADCON1 (see Section 11.0: A/D Module) must be
set in a way that pin RA5 is configured as a digital
110

Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

FIGURE 9-1: MSSP BLOCK DIAGRAM
(SPI MODE)
< > Internal
Data Bus
Read *@% Write
‘ SSPBUF Reg |

}X b ‘ SSPSR Reg I—-

SDI bit0 Shift

|Z /‘ Clock
SDO \[\J
SS Control
Enable
SS Edge
Select
2
Clock Select

SSPM3:SSPMO
SMP:CKE 4 TMR2 Output

f2 2
E

X< S
Select Prescaler | Tosc
SCK 4,16, 64
Data to TX/RX in SSPSR
Data Direction bit
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1°C MASTER MODE TIMING (RECEPTION, 7-BIT ADDRESS)
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Connection Considerations for
12C Bus

For standard-mode 12C bus devices, the values of
resistors R, and Rg in Figure 9-27 depend on the fol-
lowing parameters:

9.3

» Supply voltage

» Bus capacitance

« Number of connected devices
(input current + leakage current)

The supply voltage limits the minimum value of resistor
Rp, due to the specified minimum sink current of 3 mA at
VoL max = 0.4V, for the specified output stages. For

FIGURE 9-27:

example, with a supply voltage of VDD = 5V+10% and
VoL max=0.4V at3 mA, R, min = (5.5-0.4)/0.003 = 1.7 kQ.
VDD as a function of Ry, is shown in Figure 9-27. The
desired noise margin of 0.1VDD for the low level limits
the maximum value of Rg. Series resistors are optional
and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections, and pins. This capacitance limits the max-
imum value of R, due to the specified rise time
(Figure 9-27).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register, and controls the slew rate
of the I/O pins when in I2C mode (master or slave).

SAMPLE DEVICE CONFIGURATION FOR I°C BUS

VDD + 10%

SDA

DEVICE

SCL

connected.

Note: I2C devices with input levels related to VDD must have one common supply line to which the pull-up resistor is also

% JT» C,=10 - 400 pF
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REGISTER 10-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RIW-0 RIW-0 R/W-0 RIW-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode:

Don't care

Synchronous mode - master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode - slave:
Don't care

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables continuous receive

0 = Disables continuous receive

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enables interrupt and load of the receive buffer when
RSR<8> is set

0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receive next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data (can be parity bit, but must be calculated by user firmware)

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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12.13 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are hi-impedance inputs, high or low externally, to
avoid switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (VIHMC).

12.13.1 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of

the following events:

1. External RESET input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or
peripheral interrupt.

External MCLR Reset will cause a device RESET. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the STATUS register can be used to determine the

cause of device RESET. The PD bit, which is set on

power-up, is cleared when SLEEP is invoked. The TO

bit is cleared if a WDT time-out occurred and caused

wake-up.

The following peripheral interrupts can wake the device

from SLEEP:

1. PSP read or write (PIC16F874/877 only).

2. TMRL1 interrupt. Timerl must be operating as an
asynchronous counter.

3. CCP Capture mode interrupt.

4. Special event trigger (Timerl in Asynchronous
mode using an external clock).

5. SSP (START/STOP) bit detect interrupt.

6. SSP transmit or receive in Slave mode
(SPINZC).

7. USART RX or TX (Synchronous Slave mode).

8. A/D conversion (when A/D clock source is RC).

9. EEPROM write operation completion

Other peripherals cannot generate interrupts since dur-
ing SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

12.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from SLEEP. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 15-10:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI f
|

| < 40 > < 41 |
| i
|
| |
| 42 »-
|
y | I
RCO/T10SO/T1CKI / | J |
| | | | | |
L 45 - < 46 . | |
| a ol |
I |
- 47 - 48 -
I
TMRO or
TMR1 X
Note: Refer to Figure 15-5 for load conditions. |
TABLE 15-4: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pilr:m Symbol Characteristic Min Typt| Max |Units Conditions
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | — | ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns |N = prescale value
20 or Tcy + 40 (2, 4,..., 256)
N
45* Tt1H T1CKI High Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8 [Extended(LF) 25 — | — | ns
Asynchronous  |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
46* TtlL T1CKI Low Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8 |Extended(LF) 25 — — ns
Asynchronous  |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
47* Tt1P  |T1CKl input Synchronous Standard(F) Greater of: — — ns [N = prescale value
period 30 orR Tcy + 40 (1,2,4,8)
N
Extended(LF) Greater of: N = prescale value
50 OR TcY + 40 1, 2,4,8)
N
Asynchronous  |Standard(F) 60 — — ns
Extended(LF) 100 — — ns
Ftl Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 | TCKEZtmrl|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

+

These parameters are characterized but not tested.
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.
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Bus Collision During a Repeated

START Condition (Case 1) ........ccocevevueenen. 92
Bus Collision During a Repeated

START Condition (Case2) .........cccceevueenee. 92
Bus Collision During a START

Condition (SCL = 0) eeveevieeeriieee e 91
Bus Collision During a STOP Condition ..................... 93
Bus Collision for Transmit and Acknowledge ............. 89
Capture/Compare/PWM .........cccoviiiinieiiiieeeiieees 166
CLKOUT @and l/O .....cocvviiiiiiiiiiciiieieeeee e 163
12C BUS DALA ...ceooeeveeeieeeeiseeeeeeeeie i 171
12C Bus START/STOP bitS ....cevveeverrereececreriee e, 170
12C Master Mode First START Bit Timing .................. 80
1°C Master Mode Reception Timing ........ ....85
12C Master Mode Transmission Timing ... ....83
Master Mode Transmit Clock Arbitration .................... 88
Power-up TIMEer .....ccccoioiiiiiiiieie e 164
Repeat START Condition .........cccceevvveeriieeniniieeenineen. 81
RESET oottt 164
SPIMaster Mode ........ccccecvieiiieiiieiienieecee e 70
SPI Slave Mode (CKE = 1) ........... e 71
SPI Slave Mode Timing (CKE = 0) ....cccoeviiieeiiiieennes 71
Start-up TIMET ....oooiiiiiiiiie e 164
STOP Condition Receive or Transmit ...............ce..e.. 87
Time-out Sequence on POWEr-up .................... 127,128
TIMEIO oo 165
TIMErL Lo 165
USART Asynchronous Master Transmission ........... 100
USART Asynchronous Reception
USART Synchronous Receive ......
USART Synchronous Reception ......
USART Synchronous Transmission ................ 106, 173
USART, Asynchronous Reception ..........cccccceveenen. 104
Wake-up from SLEEP via Interrupt ..........c.ccccovenen. 133
Watchdog TIMer ......ccocviiiiiiiiiii e 164

TMRO .o

TMRO Register .
TMRI1CS bit ...

TIMRIL oottt
TMRL1L Register
TMRION Bt oo
TIMRZ e
TMR2 Register .
TMR20ON Bt oo
TOUTPSO0 DIt ..ot
TOUTPSL DIt .o
TOUTPS2 DIt ..
TOUTPS3 DIt .o
TRISA Register
TRISB Register ...
TRISC Register ...
TRISD Register ...
TRISE REQISIEr ...eviiiiiiieeitieee e
IBF Bt oot s
IBOV Bt oo
OBF Bt oo
PSPMODE Bit ...

TXSTA REQISIET ..ottt e 95
BRGH Bit ..oieiiiicciicicic e 95
CSRC Bt oot 95
SYNC Bit ... .. 95

TRMT Bit ..
TX9 Bit ... ... 95
TXOD Bt oo 95
TXEN Bt oot 95
U
UA 66

Universal Synchronous Asynchronous Receiver
Transmitter. See USART

Update Address, UA ...t 66
USART ot s 95
Address Detect Enable (ADDEN Bit) ........cccccvverinene 96
ASYNChronous MOAE ..........ccevvieeiniieiiiiee e 99

Asynchronous Receive ....

Associated Registers ... .. 102
Block Diagram ..........ccceevcvveennn. .. 101
Asynchronous Receive (9-bit Mode) ..........ccccoeveeenee 103
Associated Registers ..........cccuvvervieniieiienieens 104
Block Diagram .........cccccevvvveiniiieeiniiecnniee e 103
Timing Diagram ........ccoccveeiiiieeniiieesee e 104

Asynchronous Receive with Address Detect.
SeeAsynchronous Receive (9-bit Mode).

Asynchronous ReCeption .........ccoccveerieeeeriieennneeenns 102

Asynchronous TransSmitter ..........ccccecvevvieeiiiniinnnens 99

Baud Rate Generator (BRG) .......ccccccvvvviviniiiieniieenn 97
Baud Rate Formula .............cccoccooviiiiiiiiinin, 97
Baud Rates, Asynchronous Mode (BRGH=0) ... 98
High Baud Rate Select (BRGH Bit) ................... 95
SAMPIING e

Clock Source Select (CSRC Bit) ............
Continuous Receive Enable (CREN Bit)
Framing Error (FERR Bit) .......cccccevvneenn.
Mode Select (SYNC Bit) ....coocevvvieiiieiiecieciieeeee e
Overrun Error (OERR Bit) .....cooeviieiiiiiiiiieecceec e,
RCB/TX/CK PiN e
RCT7/RX/DT PiN oottt
RCSTA Register .......ccoceevvveiiineeens
Receive Data, 9th bit (RX9D Bit)
Receive Enable, 9-bit (RX9 Bit)
Serial Port Enable (SPEN Bit) ........cccceeviiiiniieene
Single Receive Enable (SREN Bit) .......c.ccovevviveeennn.
Synchronous Master Mode ..........cccocceeveviiiicnieennen.
Synchronous Master Reception ...........cccccveevvveenns
Associated RegiSters ........cocccvvevivieeniieeniieeene
Synchronous Master Transmission ............ccccccee.ne.
Associated Registers ..................
Synchronous Slave Mode ....
Synchronous Slave Reception .
Associated RegiSters ........coccovevivieeniieeniieeee
Synchronous Slave Transmit .........cccceeevvvveniieennns
Associated Registers ..........cccuvveiiveniiciiennennns
Transmit Block Diagram .........c.ccceceervieniiiniieniecnene
Transmit Data, 9th Bit (TX9D)
Transmit Enable (TXEN Bit) ...............
Transmit Enable, Nine-bit (TX9 Bit) ..........
Transmit Shift Register Status (TRMT Bit) ................ 95
TXSTA REQISIET ...ttt 95
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NOTES:
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