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PIC16F87XA

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
3 Data Bus 8 PORTA
| Program Counter |< RA/ANO
Flash RA1/AN1
Program R RA2/AN2/VREF-/CVREF
Memory 8 Level Stack RAM Y RA3/AN3/VREF+
13 bit File —=[X| RA4/TOCKI/C1OUT
( ) Registers RAS5/AN4/SS/C20UT
Program
Bus 14 RAM Addr(®)
Instruction reg
‘ Direct Addr 7 Indirect PORTB
Addr RBO/INT
RB1
RB2
RB3/PGM
8 RB4
— RB5
RB6/PGC
Power-up 3 RB7/PGD
Timer
Instruction Oscillator
Decode & Start-up Timer
Control ALU
ontro Power-on
Reset PORTC
Timing Watchdog RCO/T10SO/T1CKI
XI=>| Generation [ Timer RC1/T10SI/CCP2
OSC1/CLKI Brown-out RC2/CCP1
OSC2/CLKO Reset RC3/SCK/SCL
In-Circuit kK RC4/SDI/SDA
Debugger RC5/SDO
Low-Voltage RC6/TX/CK
Programming RC7/RX/DT
MCLR VDD, Vss
Timer0 Timerl Timer2 10-bit A/D
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Data EEPROM

CCP1,2

Synchronous
Serial Port

USART

Comparator

Voltage
Reference

Device Program Flash Data Memory Data EEPROM
PIC16F873A 4K words 192 Bytes 128 Bytes
PIC16F876A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the Status register.
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PIC16F87XA

Note 1:

O Unimplemented data memory locations, read as ‘0.
* Not a physical register.

These registers are not implemented on the PIC16F873A.

2: These registers are reserved; maintain these registers clear.

FIGURE 2-4: PIC16F873A/874A REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.®) | 00h Indirect addr.”? | gon Indirect addr.®) | 100h Indirect addr.”) | 180h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD®) | 08h TRISD®Y | 88h 108h 188h
PORTE®D | 09h TRISE® | 89h 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRI1L OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved®@ | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCONZ2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah 9Ah
CCPR2L 1Bh 9Bh
CCPR2H 1Ch CMCON 9Ch
CCP2CON | 1Dh CVRCON | 9ph
ADRESH | 1Eh ADRESL | 9eh
ADCONO 1Fh ADCON1 9Fh 120h 1A0h
20h Aoh
General General
Purpose Purpose accesses accesses
Register Register 20h-7Fh AOh - EEN
96 Bytes 96 Bytes 16Fh 1EFh
170h 1F0h
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
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PIC16F87XA

2226 PIE2 Register Note:  Bit PEIE (INTCON<6>) must be set to

The PIE2 register contains the individual enable bits for

enable any peripheral interrupt.

the CCP2 peripheral interrupt, the SSP bus collision
interrupt, EEPROM write operation interrupt and the

comparator interrupt.

REGISTER 2-6:

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2-1
bit 0

PIE2 REGISTER (ADDRESS 8Dh)
u-0 R/W-0 u-0 R/W-0 R/W-0

u-0 R/W-0

— | ome | — | EeEe | BcLE

— CCP2IE

bit 7

Unimplemented: Read as ‘0’
CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt
0 = Disable the comparator interrupt

Unimplemented: Read as ‘0’
EEIE: EEPROM Write Operation Interrupt Enable bit

1 = Enable EEPROM write interrupt
0 = Disable EEPROM write interrupt

BCLIE: Bus Collision Interrupt Enable bit

1 = Enable bus collision interrupt
0 = Disable bus collision interrupt

Unimplemented: Read as ‘0’
CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

bit 0

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

© 2001-2013 Microchip Technology Inc.
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NOTES:
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6.4 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during Sleep and can
generate an interrupt-on-overflow which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer.

In Asynchronous Counter mode, Timerl cannot be
used as a time base for capture or compare operations.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers while the
register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care.
Examples 12-2 and 12-3 in the PIC® Mid-Range MCU
Family Reference Manual (DS33023) show how to
read and write Timerl when it is running in
Asynchronous mode.

6.5 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T10SO (amplifier output). It is enabled by
setting control bit, TLOSCEN (T1CON<3>). The oscil-
lator is a low-power oscillator, rated up to 200 kHz. It
will continue to run during Sleep. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timer1 oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. C1 Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | = 20 PPM

100 kHz Epson C-2 100.00 KC-P | +20 PPM

200 kHz STD XTL 200.000 kHz | + 20 PPM

Note 1: Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

2. Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

6.6 Resetting Timerl Using a CCP
Trigger Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCP1M3:CCP1MO = 1011), this signal will reset
Timerl.

Note:  The special event triggers from the CCP1
and CCP2 modules will not set interrupt
flag bit, TMR1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXxL regis-
ter pair effectively becomes the period register for
Timerl.

© 2001-2013 Microchip Technology Inc.
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8.3.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:
1. Setthe PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bhit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22kHz | 4.88kHz | 19.53kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFFh OxFFh OxFFh 0x3Fh O0x1Fh 0x17h
Maximum Resolution (bits) 10 10 10 8 7 55
TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1
. . . . . . . . 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 PSPIF® | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
0Dh PIR2 — — — — — — — CCP2IF |---- --- 0|---- --- 0
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE |0000 0000|0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- 0|---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111111 1111
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 — | — [Tickpsi|T1CKPSO|T10SCEN| TISYNC | TMRICS|TMRION|--00 0000]--uu uuuu
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX|uuuu uuuu
17h ccricon| — | — | cepix | cepiy | ccpim3 |ccPiM2|CCPIMI|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 ccpecon| — | — [ copax | ccpay | ccpam3 [ccpamz|ccpami]ccpamo|--oo 000o]--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timerl.
Note 1: The PSP is not implemented on 28-pin devices; always maintain these bits clear.
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9.3.1 REGISTERS

The MSSP module has four registers for SPI mode
operation. These are:

* MSSP Control Register (SSPCON)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCON and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCON regis-
ter is readable and writable. The lower six bits of the
SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 9-1: SSPSTAT: MSSP STATUS REGISTER (SPI MODE) (ADDRESS 94h)
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P | s | RW | ua | BF
bit 7 bit 0
bit 7 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 SPl is used in Slave mode.
bit 6 CKE: SPI Clock Select bit
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
Note: Polarity of clock state is set by the CKP bit (SSPCON1<4>).
bit 5 D/A: Data/Address bit
Used in I°C mode only.
bit 4 P: Stop bit
Used in 12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.
bit 3 S: Start bit
Used in I°C mode only.
bit 2 R/W: Read/Write bit information

Used in 12C mode only.
bit 1 UA: Update Address bit
Used in I°C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

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
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9.3.3 ENABLING SPI 1/O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bit, re-initialize the
SSPCON registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, 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> bit cleared

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

¢ SCK (Slave mode) must have TRISC<3> bit set
+ SS must have TRISC<4> bit set
Any serial port function that is not desired may be

overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

FIGURE 9-2:

9.3.4 TYPICAL CONNECTION

Figure 9-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their
programmed clock edge and latched on the opposite
edge of the clock. Both processors should be
programmed to the same Clock Polarity (CKP), then
both controllers would send and receive data at the
same time. Whether the data is meaningful (or dummy
data) depends on the application software. This leads
to three scenarios for data transmission:

* Master sends data — Slave sends dummy data
» Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

SPI MASTER/SLAVE CONNECTION

SPI Master SSPM3:SSPMO = 00xxb

PROCESSOR 1

I I I I
| | | |
| | | |
| SDO | o SDI |
| ] T |
I I I I
: Serial Input Buffer : : Serial Input Buffer :
| (SSPBUF) | | (SSPBUF) |
| | | |
I I I I
I I I I
| | | |
: Shift Register Sl : - : SDOo Shift Register :
| (SSPSR) | | (SSPSR) |
I I I I
| MSb LSb | | MSb LSh |
: : Serial Clock : :
| SCK i A SCK |
| | | |
I I I I

PROCESSOR 2

© 2001-2013 Microchip Technology Inc.
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REGISTER 9-4:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER 1 (I°C MODE) (ADDRESS 14h)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

wcoL | ssPov | SSPEN | cKP | SsPM3 | SSPM2 | SSPML | SSPMo

bit 7 bit 0

WCOL: Write Collision Detect bit

In Master Transmit mode:

1 = A write to the SSPBUF register was attempted while the I2C conditions were not valid for
a transmission to be started. (Must be cleared in software.)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word. (Must be
cleared in software.)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit.

SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. (Must be
cleared in software.)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode.

SSPEN: Synchronous Serial Port Enable bit

1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables the serial port and configures these pins as I/O port pins

Note:  When enabled, the SDA and SCL pins must be properly configured as input or output.

CKP: SCK Release Control bit

In Slave mode:

1 = Release clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)

In Master mode:

Unused in this mode.

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

1111 = I2C Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (Slave Idle)

1000 = [2C Master mode, clock = Fosc/(4 * (SSPADD + 1))

0111 = I°C Slave mode, 10-bit address

0110 = I°C Slave mode, 7-bit address

Note:  Bit combinations not specifically listed here are either reserved or implemented in

SPI mode only.
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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REGISTER 9-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: MSSP CONTROL REGISTER 2 (I°C MODE) (ADDRESS 91h)

R/W-0 RIW-0 R/W-0 RIW-0 RW-0 R/MW-0 RMW-0 R/MW-0
GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN
bit 7 bit 0

GCEN: General Call Enable bit (Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled

ACKSTAT: Acknowledge Status bit (Master Transmit mode only)
1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (Master Receive mode only)

1 = Not Acknowledge

0 = Acknowledge

Note:  Value that will be transmitted when the user initiates an Acknowledge sequence at
the end of a receive.

ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)

1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence Idle

RCEN: Receive Enable bit (Master mode only)

1 = Enables Receive mode for I1°C

0 = Receive Idle

PEN: Stop Condition Enable bit (Master mode only)

1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Stop condition Idle

RSEN: Repeated Start Condition Enabled bit (Master mode only)

1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Repeated Start condition Idle

SEN: Start Condition Enabled/Stretch Enabled bit

In Master mode:

1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Start condition Idle

In Slave mode:

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is enabled for slave transmit only (PIC16F87X compatibility)

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

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the 12C module is not in the Idle mode,
this bit may not be set (no spooling) and the SSPBUF may not be written (or writes
to the SSPBUF are disabled).
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When setting up an Asynchronous Transmission, 5. Enable the transmission by setting bit TXEN,

follow these steps: which will also set bit TXIF.

1. Initialize the SPBRG register for the appropriate 6. If 9-bit transmission is selected, the ninth bit
baud rate. If a high-speed baud rate is desired, should be loaded in bit TX9D.
set bit BRGH (Section 10.1 “USART Baud 7. Load data to the TXREG register (starts
Rate Generator (BRG)"). transmission).

2. Enable the asynchronous serial port by clearing 8. If using interrupts, ensure that GIE and PEIE

bit SYNC and setting bit SPEN.

(bits 7 and 6) of the INTCON register are set.

3. Ifinterrupts are desired, then set enable bit TXIE.
4. If 9-bit transmission is desired, then set transmit

bit TX9.
FIGURE 10-2: ASYNCHRONOUS MASTER TRANSMISSION
Write to TXREG I o5
BRG Output Wofd !
(Shift Clogk) — L | | | [ — | | I
RCB/TX/CK (pin - ' '
(pin) T NStartBit < Bit0 X _BitT X__(§ % Bit7/8 ,/Stop Bit .
TXIF bit o Word 1 ' :
Transmit Buffer ' cc '
eg. Empty Flag) |_| JJ '
i Word1 — = '
TRMT bit ; ; !
Transmit Shift Transmit Shift Reg ,
eg. Empty Flag) cC I
JJ
FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG I I 55
Wi 2
BRG Qutput | V\llord l| |ord | | L | | |
(Shift Clock) SS_I I
RCB/TX/CK (pin) N\ Start Bit < B0 X Bl Bit 778 Stop Bit \_Start Bit < Bit0
TXIF bit L Word 1 : Word 2
(Interrupt Reg. Flag) U | 55
T it Shift - Word2 —
oo oty Fiag) Transmit Shift Reg. Transmit Shift Reg.
(C
)
Note: This timing diagram shows two consecutive transmissions.
TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
value on: Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 i all other
POR, BOR
Resets
0Bh, 8Bh, |[INTCON GIE PEIE [TMROIE| INTE RBIE | TMROIF INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D | 0000 -00x | 0000 -00x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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14.10 Power Control/Status Register
(PCON)

The Power Control/Status Register, PCON, has up to
two bits depending upon the device.

Bit 0 is the Brown-out Reset Status bit, BOR. The BOR
bit is unknown on a Power-on Reset. It must then be set
by the user and checked on subsequent Resets to see if
it has been cleared, indicating that a BOR has occurred.

When the Brown-out Reset is disabled, the state of the
BOR bit is unpredictable and is, therefore, not valid at
any time.

Bit 1 is the Power-on Reset Status bit, POR. It is
cleared on a Power-on Reset and unaffected other-
wise. The user must set this bit following a Power-on
Reset.

TABLE 14-3: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration Power-up Brown-out Wake-up from
PWRTE = 0 PWRTE = 1 Sleep
XT, HS, LP 72 ms + 1024 Tosc 1024 Tosc 72 ms + 1024 Tosc 1024 Tosc
RC 72 ms — 72 ms —
TABLE 14-4: STATUS BITS AND THEIR SIGNIFICANCE
POR | BOR | TO | PD Condition
0 b'd 1 1 | Power-on Reset
0 x 0 x |lllegal, TO is set on POR
0 x x 0 |lllegal, PD is set on POR
1 0 1 1 | Brown-out Reset
1 1 0 1 |WDT Reset
1 1 0 0 |WDT Wake-up
1 1 u u | MCLR Reset during normal operation
1 1 1 0 |MCLR Reset during Sleep or Interrupt Wake-up from Sleep
Legend: x =don’tcare, u = unchanged
TABLE 14-5: RESET CONDITIONS FOR SPECIAL REGISTERS
Condlition Counter | Register Regiater
Power-on Reset 000h 0001 1xxx | ---- -- 0x
MCLR Reset during normal operation 000h 000u uuuu | = —--- -- uu
MCLR Reset during Sleep 000h 0001 Ouuu | ---- -- uu
WDT Reset 000h 0000 luuu | = ---- -- uu
WDT Wake-up PC+1 uuu0 Ouuu | ---- -- uu
Brown-out Reset 000h 0001 luuu | ---- -- u0
Interrupt Wake-up from Sleep PC + 1@ uwuul Ouuu | 0 —--- -- uu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).
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FIGURE 14-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1
MCLR
Internal POR ‘ :
! TPWRT
PWRT Time-out a— TOST —»
OST Time-out

Internal Reset

FIGURE 14-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
VDD —/ :
MCLR / E
Internal POR ‘ E :
TPWRT E
PWRT Time-out < TOST S
OST Time-out ‘ E
Internal Reset
FIGURE 14-9: SLOW RISE TIME (MCLR TIED TO VDD VIA RC NETWORK)
. 5V
VoD ov A

MCLR T
Internal POR | :

:<—>. '
" TPWRT 1+
.o

PWRT Time-out . ' |

|
OST Time-out : l
|
|

Internal Reset
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FIGURE 17-9: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10Sl/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10Sl/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53 —.

-« 54

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-7: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pi{:m Symbol Characteristic Min Typt| Max |Units Conditions
50* Tcel CCP1 and CCP2 No Prescaler 05Tcy+20 | — | — ns
Input Low Time , Standard(F) 10 — | — | ns
With Prescaler
Extended(LF) 20 — — ns
51* TccH CCP1 and CCP2 No Prescaler 05Tcy+20 | — — ns
Input High Time ) Standard(F) 10 — | — | ns
With Prescaler
Extended(LF) 20 — — ns
52* TccP CCP1 and CCP2 Input Period 3Tcy+40 | — — ns |N = prescale value
N (1, 4 or 16)
53* TccR CCP1 and CCP2 Output Rise Time | Standard(F) — 10 25 ns
Extended(LF) — 25 50 ns
54* TccF CCP1 and CCP2 Output Fall Time Standard(F) — 10 25 ns
Extended(LF) — 25 45 ns

* These parameters are characterized but not tested.
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 17-11: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

(CKP = 1) : \ l A F

SDO

SDI

Note: Refer to Figure 17-3 for load conditions.

FIGURE 17-12: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

SDO XY . 1MSb X BitG—%?————l >< LSb

SDI

Note: Refer to Figure 17-3 for load conditions.
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FIGURE 17-17: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

ReBTXICK R

121 b
pin o . —»1211— .
RC7/RX/DT \ g
— = 120 l-— — e -

122

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-12: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pilrgm Symbol Characteristic Min |Typt| Max |Units|Conditions
120 TckH2DTV |[SYNC XMIT (MASTER & SLAVE)
Clock High to Data Out Valid Standard(F) — — 80 ns
Extended(LF) — — | 100 | ns
121 TCKRF Clock Out Rise Time and Fall Time |Standard(F) — — 45 ns
(Master mode) Extended(LF) — — | 50 | ns
122 TDTRF Data Out Rise Time and Fall Time |Standard(F) — — 45 ns
Extended(LF) — — 50 ns

1t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

FIGURE 17-18: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

ReeTXCK S \¢

pin © 125 '
RC7/RX/DT Z . '

126 ————»

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-13: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Pilrsm Symbol Characteristic Min Typt Max Units | Conditions
125 TDTV2CKL |SYNC RCV (MASTER & SLAVE)
Data Setup before CK { (DT setup time) 15 — — ns
126 TckL2DTL  |Data Hold after CK 4 (DT hold time) 15 — — ns

T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 18-15: AVERAGE WDT PERIOD vs. VDD OVER TEMPERATURE (-40°C TO +125°C)

50

451 Typical: statistical mean @ 25°C

Maximum: mean + 3o (-40°C to +125°C)
Minimum: mean — 3o (-40°C to +125°C)

40

125°C

35 \
85°C \
» 30 \
é \
E \ 25°C \
E 25 ——— ]
E \
-40°C
\
15 ] \\
10
5
0 "
2.0 25 3.0 35 4.0 4.5 5.0 55

VDD (V)

FIGURE 18-16: TYPICAL, MINIMUM AND MAXIMUM VoH vs. IoH (VDD = 5V, -40°C TO +125°C)

Max
3.5 1
Typ (25°C)
g 3.0
5
> 2.5
Min

2.0
15 | Typical: statistical mean @ 25°C \

Maximum: mean + 3o (-40°C to +125°C)
Minimum: mean — 3c (-40°C to +125°C)
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Package Marking Information (Cont’d)

44-Lead QFN

N

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

28-Lead PDIP (Skinny DIP)

Example

(N

PIC16F877A
-I/ML
0310017

Example

XXXXXXXXXXXXXXXXX
D () HRXXXRRROXXXXXXX
R\ YYWWNNN

PIC16F876A/SP

D (O AR 0310017 O

28-Lead SOIC

XXXXXXXXX XXX XXX XX XXX
XXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX

R\ YYWWNNN

®)

28-Lead SSOP

XXXXXXXXXXXX
XXXXXXKXXXXXX

O R YYWWNNN

28-Lead QFN

N

XXXXXXXX

XXXXXXXX

YYWWNNN
©]

Example

PIC16F876A/SO
A\ 0310017

Example

PIC16F876A/
SS

O R\ 0310017

Example

e\

16F873A

-I/ML
0310017

o
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

Note:

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

at http://www.microchip.com/packaging

T

{ oo

d N

d N

d N

g P

d B

d B

d B

d B

d B

d B D

d B

d B

d B

d B

d B

d B

d B

ja B2 —-—

n { o1 Y
—— F ——— *
W A
ﬂ i T
T AL J L
[et—— B ——= B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 .175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
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:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MO-011
Drawing No. C04-016
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28-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

Note:

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

| E
—
P — — ‘
— —
— —
— —
— —
— —
— — D
— —
— —
— 1
— 1
B —] —
—] —12
n —] Q —1 ‘
‘\OL
c
n ‘- i -
1/ e— R R Dﬂuﬂuﬂuﬂuﬂmmﬂwmj
¢7 Al
P ] -
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .026 0.65
Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .319 7.59 7.85 8.10
Molded Package Width E1l .201 .207 212 5.11 5.25 5.38
Overall Length D .396 402 407 10.06 10.20 10.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness C .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.010” (0.254mm) per side.
JEDEC Equivalent: MS-150
Drawing No. C04-073

Mold flash or protrusions shall not exceed
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