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PIC16F870/871

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
| Valueon
Address|  Name Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit2 | Bit1 | Bito Q’SEEBO& all other
’ RESETS®@
Bank 2
100h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 [ 0000 0000
101h TMRO Timer0 Module’s Register XXXX XXXX | UUUU uuuu
102h® PCL Program Counter's (PC) Least Significant Byte 0000 0000|0000 0000
103h® | STATUS IRP RP1 RPO TO PD z DC C 0001 1xxx |000q quuu
104h® FSR Indirect Data Memory Address Pointer XXXX XXXX | UUUU uuuu
105h — Unimplemented = =
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | UUUU uuuu
107h — Unimplemented = =
108h — Unimplemented = =
109h — Unimplemented — —
10Ah(14) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
10Bh¢) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000u
10Ch EEDATA EEPROM Data Register XXXX XXXX |UUUU uuuu
10Dh EEADR EEPROM Address Register XXXX XXXX |UUUU uuuu
10Eh EEDATH — — EEPROM Data Register High Byte XXXX XXXX |UUUU uuuu
10Fh EEADRH — — — |EEPROM Address Register High Byte XXXX XXXX | UUuUu uuuu
Bank 3
180h*) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 0000
181h  |opTion ReG| RBPU | INTEDG | Tocs | Tose | psa | ps2 | st | pso [1111 1111]1111 1111
182h®  |PCL Program Counter's (PC) Least Significant Byte 0000 0000|0000 0000
1830 [sTATUS mp | rea | rRro | 1o [ b | z | bc | c o001 1xxx|000g quuu
184h®) FSR Indirect Data Memory Address Pointer XXXX XXXX |UUUU uuuu
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 {1111 1111
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18Ah(4) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
18Bh¢¥) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000u
18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000 [x--- u000
18Dh EECON2 EEPROM Control Register2 (not a physical register) [ oeem oo emee oo
18Eh — Reserved maintain clear 0000 0000 | 0000 0000
18Fh — Reserved maintain clear 0000 0000 | 0000 0000
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.

2:  Other (non Power-up) Resets include external RESET through MCLR and Watchdog Timer Reset.

3: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

4: These registers can be addressed from any bank.

5:  PORTD, PORTE, TRISD and TRISE are not physically implemented on the 28-pin devices, read as ‘0’.
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PIC16F870/871

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

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

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION_REG REGISTER (ADDRESS: 81h,181h)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-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 (CLKO)
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 1:16 1:8
100 1:32 1:16
101 1:64 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’ = Bit is cleared X = Bit is unknown

© 2000-2013 Microchip Technology Inc.

DS30569C-page 17



PIC16F870/871

Write operations have two control bits, WR and WREN,
and two status bits, WRERR and EEIF. The WREN bit
is used to enable or disable the write operation. When
WREN is clear, the write operation will be disabled.
Therefore, the WREN bit must be set before executing
a write operation. The WR bit is used to initiate the write
operation. It also is automatically cleared at the end of
the write operation. The interrupt flag EEIF is used to
determine when the memory write completes. This flag
must be cleared in software before setting the WR bit.
For EEPROM data memory, once the WREN bit and
the WR bit have been set, the desired memory address
in EEADR will be erased, followed by a write of the data
in EEDATA. This operation takes place in parallel with
the microcontroller continuing to execute normally.
When the write is complete, the EEIF flag bit will be set.
For program memory, once the WREN bit and the WR
bit have been set, the microcontroller will cease to exe-

REGISTER 3-1:
R/W-x u-0 uU-0

cute instructions. The desired memory location pointed
to by EEADRH:EEADR will be erased. Then, the data
value in EEDATH:EEDATA will be programmed. When
complete, the EEIF flag bit will be set and the
microcontroller will continue to execute code.

The WRERR bit is used to indicate when the
PIC16F870/871 devices have been reset during a write
operation. WRERR should be cleared after Power-on
Reset. Thereafter, it should be checked on any other
RESET. The WRERR bit is set when a write operation
is interrupted by a MCLR Reset, or a WDT Time-out
Reset, during normal operation. In these situations, fol-
lowing a RESET, the user should check the WRERR bit
and rewrite the memory location, if set. The contents of
the data registers, address registers and EEPGD bit
are not affected by either MCLR Reset, or WDT
Time-out Reset, during normal operation.

EECON1 REGISTER (ADDRESS: 18Ch)
u-0 R/W-x R/W-0 R/S-0 R/S-0

EEPGD - | -

— | WRERR WREN WR RD

bit 7

bit 0

bit 7 EEPGD: Program/Data EEPROM Select bit

1 = Accesses program memory

0 = Accesses data memory

(This bit cannot be changed while a read or write operation is in progress.)

bit 6-4 Unimplemented: Read as 'O’

bit 3 WRERR: EEPROM Error Flag bit

1 = A write operation is prematurely terminated (any MCLR Reset or any WDT Reset during

normal operation)

0 = The write operation completed
bit 2 WREN: EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM

bit 1 WR: Write Control bit

1 = Initiates a write cycle. (The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete

bit 0 RD: Read Control bit

1 = Initiates an EEPROM read. (RD is cleared in hardware. The RD bit can only be set (not

cleared) in software.)

0 = Does not initiate an EEPROM read

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

DS30569C-page 28

© 2000-2013 Microchip Technology Inc.



PIC16F870/871

REGISTER 4-1: TRISE REGISTER (ADDRESS: 89h)

R-0 R-0 R/W-0 R/W-0 u-0 RW-1  RMW-1  R/W-1
IBF | oBF | 1BOV |PSPMODE | — Bit2 Bit1 BitO
bit 7 bit 0
bit 7 Parallel Slave Port Status/Control Bits

IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

bit 6 OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit

1 = Parallel Slave Port mode
0 = General Purpose I/O mode

bit 3 Unimplemented: Read as '0'
PORTE Data Direction Bits

bit 2 Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output

bit 1 Bit1: Direction Control bit for pin RE1/WR/AN6
1 = Input
0 = Output

bit 0 Bit0: Direction Control bit for pin REO/RD/ANS
1 = Input
0 = Output

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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6.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMRL1 interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit, TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit, TMR1IE (PIE1<0>).

Timerl can operate in one of two modes:

* As atimer
¢ As a counter

The Operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit, TMR1ON (T1CON<0>).

Timerl also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules (Section 8.0). Register 6-1 shows the Timerl
control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored, and these pins read as ‘0'.

Additional information on timer modules is available in
the PIC® Mid-Range MCU Family Reference Manual
(DS33023).

REGISTER 6-1:  T1CON: TIMER1 CONTROL REGISTER (ADDRESS: 10h)
U-0 U-0 RW-0  R/W-0 R/W-0 RW-0 RMW-0  R/W-0
— — | T1cKPS1]T1CKPSO| T1OSCEN |TISYNC|TMRLCS |TMRLON
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'

bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T10OSCEN: Timerl Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

When TMRICS = 1.

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMRICS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

© 2000-2013 Microchip Technology Inc.
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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
(Section 6.4.1).

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 T1OSO (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 module is configured in Compare mode to

generate a “special event trigger” (CCP1M3:CCP1MO
=1011), this signal will reset Timer1.

Note:  The special event triggers from the CCP1
module 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, the write will take
precedence.

In this mode of operation, the CCPRH:CCPRL register
pair effectively becomes the period register for Timer1.

© 2000-2013 Microchip Technology Inc.
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8.4.3

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> bit.

4. Setthe TMR2 prescale value and enable Timer2

by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 8-2: 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 6.5
TABLE 8-3: 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 1l Bit 0 POR BOR all other
' RESETS
0Bh,8Bh, |[INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIFW | ADIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF 0000 -000{0000 -000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE |0000 -000{0000 -000
87h TRISC PORTC Data Direction Register 1111 11111111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h T1CON — | — |71ckps1]T1cKPSO| TLOSCEN] T1SYNC | TMRICS [TMRION|--00 0000]--uu uuuu
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|uuuu uuuu
17h ccricoN| — | — | cepix | ccpiy | ccPims [cCPiM2|CCPIML|CCPIMO|--00 0000[--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by Capture and Timer1.

Note 1:

The PSP is not implemented on the PIC16F870; always maintain these bits clear.
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DS30569C-page 59




PIC16F870/871

9.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 9-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 9-1. From this, the error in
baud rate can be determined.

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

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

9.1.1 SAMPLING

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

TABLE 9-1: BAUD RATE FORMULA
SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A
Legend: X =value in SPBRG (0 to 255)
TABLE 9-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOI-? all other
' RESETS
98h TXSTA CSRC TX9 TXEN | SYNC = BRGH | TRMT | TX9D | 0000 -010| 0000 -010
18h RCSTA SPEN RX9 SREN | CREN | ADDEN FERR | OERR | RX9D | 0000 000x | 0000 000x
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented, read as '0'. Shaded cells are not used by the BRG.

© 2000-2013 Microchip Technology Inc.
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9.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one START bit, eight or nine data
bits, and one STOP bit). The most common data format
is 8-bits. An on-chip, dedicated, 8-bit baud rate gener-
ator can be used to derive standard baud rate frequen-
cies from the oscillator. The USART transmits and
receives the LSb first. The transmitter and receiver are
functionally independent, but use the same data format
and baud rate. The baud rate generator produces a
clock, either x16 or x64 of the bit shift rate, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
stored as the ninth data bit). Asynchronous mode is
stopped during SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

« Baud Rate Generator

» Sampling Circuit

« Asynchronous Transmitter
« Asynchronous Receiver

9.2.1 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 9-1. The heart of the transmitter is the Transmit
(Serial) Shift register (TSR). The Shift register obtains
its data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be

FIGURE 9-1:

enabled/disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit, TRMT (TXSTA<1>),
shows the status of the TSR register. Status bit TRMT
is a read only bit, which is set when the TSR register is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR
register is empty.

Note 1: The TSR register is not mapped in data
memory, So it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN

is set. TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 9-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 9-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RC6/TX/CK pin will revert
to hi-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorrect ninth data bit may be loaded in the TSR
register.

USART TRANSMIT BLOCK DIAGRAM

f Data Bus

TXREG Register ‘

LSb .
0 X Pin Buffer
: and Control

Interrupt

RC6/TX/CK pin
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9.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 9-4. The
data is received on the RC7/RX/DT pin and drives the
data recovery block. The data recovery block is actually
a high speed shifter, operating at x16 times the baud
rate; whereas, the main receive serial shifter operates
at the bit rate or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (Serial) Shift
register (RSR). After sampling the STOP bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit, which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a
double-buffered register (i.e., it is a two-deep FIFO). It

FIGURE 9-4:

is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the STOP bit of the third byte, if the RCREG register is
still full, the overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG reg-
ister can be read twice to retrieve the two bytes in the
FIFO. Overrun bit OERR has to be cleared in software.
This is done by resetting the receive logic (CREN is
cleared and then set). If bit OERR is set, transfers from
the RSR register to the RCREG register are inhibited,
and no further data will be received. It is therefore,
essential to clear error bit OERR if it is set. Framing
error bit FERR (RCSTA<2>) is set if a STOP bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore, it is essential for the user to read the
RCSTA register before reading the RCREG register in
order not to lose the old FERR and RX9D information.

USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

_________________ | OERR | | FERR |
Fosc | : CREN
I SPBRG : R B R
+g:1 ' MSb RSR Register LSb
Baud Rate Generator +16 ! STOP (8) 7 oo o 1| 0|START :
RC7/RX/DT S A
Pin Buffer Data
" and Control Recovery

SPEN

Interrupt

RX9D| RCREG Register
FIFO

8

Data Bus

causing the OERR (overrun) bit to be set.

FIGURE 9-5: ASYNCHRONOUS RECEPTION
RX (pin) START — - START START
bit i i i i b i
i D(M/sgicgp\ it bito \_SS Xbitris STOP\_bil L5 Xbitrrs : STOP
Rog SNt C n C n < :
Rcv Buffer Reg )) T )) Word 2 T ) :
Read Rcv . RCREG X
B CC ' C 1L
uffer Reg D) T D) ) '
RCREG ' : ')
. C C '
RCIF C ;
(Interrupt Flag) pD) I 2D ) !
OERR bit C)C) ()C) C)C) T
CREN é¢ ¢¢ (C )
)J )) ) |

Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
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9.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode

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

in the fact that the shift clock is supplied externally at 1 Enablg the synchronous slave serial port _by SEt_'
the RC6/TX/CK pin (instead of being supplied internally ting bits SYNC and SPEN and clearing bit
in Master mode). This allows the device to transfer or CSRC.
receive data while in SLEEP mode. Slave mode is 2. Clear bits CREN and SREN.
entered by clearing bit CSRC (TXSTA<7>). 3. If interrupts are desired, then set enable bit
TXIE.
9.4.1 USART SYNCHRONOUS SLAVE 4. If 9-bit transmission is desired, then set bit TX9.
TRANSMIT 5. Enable the transmission by setting enable bit
The operation of the Synchronous Master and Slave TXEN.
modes is identical, except in the case of the SLEEP mode. 6. If 9-bit transmission is selected, the ninth bit
If two words are written to the TXREG and then the should be loaded in bit TX9D.
SLEEP instruction is executed, the following will occur: 7. Starttransmission by loading data to the TXREG
a) The first word will immediately transfer to the register.
TSR register and transmit. 8. If using interrupts, ensure that GIE and PEIE
b) The second word will remain in TXREG register. (bits 7 and 6) of the INTCON register are set.
c) Flag bit TXIF will not be set.
d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second word
to the TSR and flag bit TXIF will now be set.
e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the
interrupt vector (0004h).
TABLE 9-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
. . . . . . . . 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 | TOIE | INTE | RBIE TOIF INTF ROIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFY | ADIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 [0000 -000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D |0000 000x |0000 000x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 {0000 -000
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, read as '0". Shaded cells are not used for synchronous slave transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F870; always maintain these bits clear.
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FIGURE 11-9: INTERRUPT LOGIC
EEIF
EEIE
PSPIF
PSPIE
ADIF TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF :D
RCIE INTE Interrupt to CPU
RBIF
RBIE
CCP1IF
CCP1IE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMRI1IE

The following table shows which devices have which interrupts.

Device TOIF INTF RBIF PSPIF ADIF RCIF TXIF | CCP1IF | TMR2IF | TMR1IF EEIF
PIC18F870 Yes Yes Yes — Yes Yes Yes Yes Yes Yes Yes
PIC18F871 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

11.10.1 INT INTERRUPT 11.10.2 TMRO INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising, if bit INTEDG (OPTION_REG<6>) is set,
or falling, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit, GIE, decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 11.13 for details on SLEEP
mode.

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>) (Section 5.0).

11.10.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>)
(Section 4.2).

© 2000-2013 Microchip Technology Inc.
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11.17 In-Circuit Serial Programming

PIC16F870/871 microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware, or a custom
firmware to be programmed.

When using ICSP, the part must be supplied at 4.5V to
5.5V, if a bulk erase will be executed. This includes
reprogramming of the code protect, both from an on-
state to off-state. For all other cases of ICSP, the part
may be programmed at the normal operating voltages.
This means calibration values, unique user IDs, or user
code can be reprogrammed or added.

For complete details of serial programming, please
refer to the EEPROM Memory Programming
Specification for the PIC16F87X (DS39025).

11.18 Low Voltage ICSP Programming

The LVP bit of the configuration word enables low volt-
age ICSP programming. This mode allows the micro-
controller to be programmed via ICSP, using a VDD
source in the operating voltage range. This only means
that VPP does not have to be brought to VIHH, but can
instead be left at the normal operating voltage. In this
mode, the RB3/PGM pin is dedicated to the program-
ming function and ceases to be a general purpose 1/0
pin. During programming, VDD is applied to the MCLR
pin. To enter Programming mode, VDD must be applied
to the RB3/PGM pin, provided the LVP bit is set. The
LVP bit defaults to on (‘1’) from the factory.

Note 1: The High Voltage Programming mode is
always available, regardless of the state
of the LVP bit, by applying VIHH to the
MCLR pin.

2: While in Low Voltage ICSP mode, the
RB3 pin can no longer be used as a
general purpose /O pin.

3: When using low voltage ICSP program-
ming (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 operation of
the device.

4: RB3 should not be allowed to float if LVP
is enabled. An external pull-down device
should be used to default the device to
normal Operating mode. If RB3 floats
high, the PIC16F870/871 devices will
enter Programming mode.

5. LVP mode is enabled by default on all
devices shipped from Microchip. It can be
disabled by clearing the LVP bit in the
CONFIG register.

6: Disabling LVP will provide maximum
compatibility to other PIC16CXXX
devices.

If Low Voltage Programming mode is not used, the LVP
bit can be programmed to a '0' and RB3/PGM becomes
a digital I/O pin. However, the LVP bit may only be pro-
grammed when programming is entered with VIHH on
MCLR. The LVP bit can only be charged when using
high voltage on MCLR.

It should be noted, that once the LVP bit is programmed
to 0, only the High Voltage Programming mode is avail-
able and only High Voltage Programming mode can be
used to program the device.

When using low voltage ICSP, the part must be supplied
at 4.5V to 5.5V, if a bulk erase will be executed. This
includes reprogramming of the code protect bits from an
on-state to off-state. For all other cases of low voltage
ICSP, the part may be programmed at the normal oper-
ating voltage. This means calibration values, unique
user IDs, or user code can be reprogrammed or added.
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RLF Rotate Left f through Carry SLEEP
Syntax: [label] RLF f,d Syntax: [label] SLEEP
Operands: 0<f<127 Operands: None
de[01] Operation: 00h — WDT,
Operation: See description below 0 — WDT prescaler,
Status Affected: C 1-T0O,
0—-PD
Description: The contents of register f' are rotated . [ —
one bit to the left through the Carry Status Affected:  TO, PD L
Flag. If 'd' is O, the result is placed in Description: The power-down status bit, PD is
the W register. If 'd" is 1, the result is cleared. Time-out status bit, TO
stored back in register 'f. is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
RETURN Return from Subroutine SUBLW Subtract W from Literal
Syntax: [label] RETURN Syntax: [label] SUBLW k
Operands: None Operands: 0<k<255
Operation: TOS —» PC Operation: k- (W)— (W)
Status Affected:  None Status Affected: C, DC, Z
Description: Return from subroutine. The stack Description: The W register is subtracted (2's
is POPed and the top of the stack complement method) from the
(TOS) is loaded into the program eight-bit literal 'k'. The result is
counter. This is a two-cycle placed in the W register.
instruction.
RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF f,d Syntax: [label] SUBWF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d € [0,1]
Operation: See description below Operation: () - (W) — (destination)
Status Affected: C Status C,DC,z
Description: The contents of register 'f are Affected:
rotated one bit to the right through Description: Subtract (2's complement method)

the Carry Flag. If 'd' is O, the result
is placed in the W register. If 'd" is
1, the result is placed back in
register 'f'.

W register from register 'f'. If 'd" is O,
the result is stored in the W
register. If 'd" is 1, the result is
stored back in register 'f'.
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13.20 PICDEM 18R PIC18C601/801
Demonstration Board

The PICDEM 18R demonstration board serves to assist
development of the PIC18C601/801 family of Microchip
microcontrollers. It provides hardware implementation
of both 8-bit Multiplexed/De-multiplexed and 16-bit
Memory modes. The board includes 2 Mb external
FLASH memory and 128 Kb SRAM memory, as well as
serial EEPROM, allowing access to the wide range of
memory types supported by the PIC18C601/801.

13.21 PICDEM LIN PIC16C43X
Demonstration Board

The powerful LIN hardware and software kit includes a
series of boards and three PIC microcontrollers. The
small footprint PIC16C432 and PIC16C433 are used
as slaves in the LIN communication and feature on-
board LIN transceivers. A PIC16F874 FLASH micro-
controller serves as the master. All three microcon-
trollers are programmed with firmware to provide LIN
bus communication.

13.22 PICkit™ 1 FLASH Starter Kit

A complete "development system in a box", the PICkit
FLASH Starter Kit includes a convenient multi-section
board for programming, evaluation, and development
of 8/14-pin FLASH PIC® microcontrollers. Powered via
USB, the board operates under a simple Windows GUI.
The PICkit 1 Starter Kit includes the user's guide (on
CD ROM), PICkit 1 tutorial software and code for vari-
ous applications. Also included are MPLAB® IDE (Inte-
grated Development Environment) software, software
and hardware "Tips 'n Tricks for 8-pin FLASH PIC®
Microcontrollers” Handbook and a USB Interface
Cable. Supports all current 8/14-pin FLASH PIC
microcontrollers, as well as many future planned
devices.

13.23 PICDEM USB PIC16C7X5
Demonstration Board

The PICDEM USB Demonstration Board shows off the
capabilities of the PIC16C745 and PIC16C765 USB
microcontrollers. This board provides the basis for
future USB products.

13.24 Evaluation and
Programming Tools

In addition to the PICDEM series of circuits, Microchip

has a line of evaluation kits and demonstration software

for these products.

» KEeLOQ evaluation and programming tools for
Microchip’s HCS Secure Data Products

« CAN developers kit for automotive network
applications

* Analog design boards and filter design software

« PowerSmart battery charging evaluation/
calibration kits

+ IrDA® development kit

* microlD development and rfLab™ development
software

« SEEVAL® designer kit for memory evaluation and
endurance calculations

* PICDEM MSC demo boards for Switching mode
power supply, high power IR driver, delta sigma
ADC, and flow rate sensor

Check the Microchip web page and the latest Product
Line Card for the complete list of demonstration and
evaluation kits.

© 2000-2013 Microchip Technology Inc.
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14.2 DC Characteristics: PIC16F870/871 (Industrial) (Continued)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for Industrial

Operating voltage VDD range as described in DC spec Section 14.1
and Section 14.2.

DC CHARACTERISTICS

Pilr;‘m Sym Characteristic Min Typt| Max |Units Conditions
VoL |Output Low Voltage
D080 1/0 ports — — 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C
D083 OSC2/CLKO (RC osc config) — — 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
VoH |Output High Voltage
D090 1/0 ports (Note 3) VbD-0.7 | — — V  |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
D092 OSC2/CLKO (RC osc config) | VbD-0.7 | — — V |loH =-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D150* |Vop |Open Drain High Voltage — — 8.5 V  |RA4 pin

Capacitive Loading Specs
on Output Pins

D100 |Cosc2|OSC2 pin — — 15 pF |In XT, HS and LP modes when
external clock is used to drive
OSC1.
D101 |Cio |All /O pins and OSC2 — — 50 pF
(in RC mode)
D102 |CB  |scCL, SDA in I2C mode — — 400 pF
Data EEPROM Memory
D120 |ED Endurance 100K — — E/W |25°C at 5V
D121 |VDRw |VDD for read/write VMIN — 55 V |Using EECON to read/write
VMIN = min operating voltage
D122 |Toew |Erase/write cycle time — 4 8 ms
Program FLASH Memory
D130 |EP Endurance 1000 — — E/W |25°C at 5V
D131 |VPrR |VDD forread VMIN — 55 V |VMIN = min operating voltage
D132a VDD for erase/write VMIN — 5.5 V |Using EECON to read/write,

VMIN = min operating voltage

D133 |TPew |Erase/Write cycle time — 4 8 ms

* These parameters are characterized but not tested.
1t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC16F870/871 be driven with external clock in RC mode.

2:  The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3:  Negative current is defined as current sourced by the pin.
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FIGURE 14-3: LOAD CONDITIONS

Load condition 1 Load condition 2

VDD/2

RL

Pin T Pin T CL

RL
CL

464Q

50 pF for all pins except OSC2, but including PORTD and PORTE outputs as ports
15 pF for OSC2 output

Note: PORTD and PORTE are not implemented on the PIC16F870.

FIGURE 14-4: EXTERNAL CLOCK TIMING
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APPENDIX A: REVISION HISTORY

Revision A (December 1999)
Original data sheet for the PIC16F870/871 family.

Revision B (April 2003)

This revision includes the DC and AC Characteristics
Graphs and Tables. The Electrical Specifications in
Section 14.0 have been updated and there have been
minor corrections to the data sheet text.

Revision C (January 2013)

Added a note to each package outline drawing.

TABLE B-1: DEVICE DIFFERENCES

APPENDIX B:

DEVICE
DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table B-1.

Feature PIC16F870 PIC16F871
On-chip Program Memory (Kbytes) 2K 2K
Data Memory (bytes) 128 128
Boot Block (bytes) 2048 512
Timerl Low Power Option Yes No
1/0 Ports Ports A, B, C Ports A,B,C,D, E
A/D Channels 5 8
External Memory Interface No No
Package Types 28-pin DIP, SOIC, SSOP 40-pin PDIP, 44-pin PLCC, TQFP

© 2000-2013 Microchip Technology Inc.
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PORTC ...ttt s 7,8
Associated RegiSters .........cccovvvvviiiiiiiiciieceeneeenn 37
PORTC REQISIEN ....viiiieiiiee ettt 37
RCO/T1OSO/T1CKI Pin ..7,8
RC1/T10SI Pin .... ..7,8
RC2/CCP1 Pin.. ..7,8
RC3 PNttt 7,8
RCA PNttt 7,8
RC5 PNt 7,8
RCB/TX/CK PiN .ot 7,8,62
RCT7/RX/IDT PiNeeeviiiiiiiiicie e 7,8, 62,63
TRISC REQISTEN ...t 37,61

PORTC REQISIEN ....ieiiiiieiiiiie ettt 13

PORTD............... 9, 42
Associated REQISIErS .......cccvveiiiieiiiieee e 38
Parallel Slave Port (PSP) Function ...........ccccoeeeveeenee. 38
PORTD REQISIEN ....eeiviiiiieiieiceee e 38
RDO/PSPO PiN .. 9
RDI/PSPL PiN ittt 9

RD2/PSP2 Pin ..
RD3/PSP3 Pin ..

RD4/PSP4 Pin .. .9

RDS5/PSPS5 PiN ..ottt 9

RDB/PSPBE PiN ..o 9

RDT7/PSP7 PiN coeiiiiiiiiiiitcteese e 9

TRISD REQISIEN ...ttt 38
PORTD REQISIEN ....eeiiiiieiiiiiie ettt 13
PORTE ...ttt e s 9

Analog Port Pins ........... 41, 42

Associated REQISIErS .......cccvveriiiiiiiieer e 41

Input Buffer Full Status (IBF Bit) .........cccceeiinieiieenn. 40

Input Buffer Overflow (IBOV Bit) ........cccceeviinieiieenn. 40

Output Buffer Full Status (OBF Bit)........cccccceevivveennnen 40

PORTE REQISEN ..c.vveiiiiiiiiciieiicee e 39

PSP Mode Select (PSPMODE Bit) ........... 38, 39, 40, 42

REO/RD/ANS PiN....ccovviviiiniienecen

RE1/WR/ANG Pin....

RE2/CS/AN7 Pin..... .

TRISE REQISIEN ...t
PORTE REQISIEN ...ouviiiiiiiiieiiie ettt
Postscaler, WDT

Assignment (PSA Bit) .....ooovieiiiiieiiece e 17
Power-down Mode. See SLEEP.

Power-on Reset (POR) ......ccoceeiieniiiiicnieeene

Oscillator Start-up Timer (OST) .

POR Status (POR Bit).........c.cocoreerurerresrersreeeeennnn.

Power Control (PCON) Register ............c.cccooennnnne 92

Power-down (PD Bit) ......ccoviiieeiiiieeeieeeee e 91

Power-up Timer (PWRT) ...ccccoviiiiiiiiiiieiiecieene 87,92

TIME-0Ut (TO Bit) c..cvvoveeveeeeeeeeeeeeeeeeee oo 91
PR2 . 15
PR2 REQISIEN....coiiiiiiiiiiiicitc et 14,53
Prescaler, Timer0

Assignment (PSA Bit) .....coovvveiiiiieiiiee e 17
PRO MATE Il Universal Device Programmer ................... 113
Product Identification System.........cccccceviiiiiienieiiieneee, 169
Program Counter

RESET ConditionS ........cccooviviiiiiiiiiiicccie e 93
Program MemOIY ..........ccooiiiiiiiiiiiie s 11

INEEITUPE VECION ... 11

Map and StacCK .........cueeeriiiiiiiiie e 11

PaGING ..ottt 24

RESET VECION.....coiiiiiiiiiiiiiincci e 11
Program Verification............ccocveeiiiie i 101
Programming, Device INStructions ............cccceevveeieennennnn. 103

Pulse Width Modulation.
See Capture/Compare/PWM, PWM Mode.

RAM. See Data Memory.

RCREG REQGISTEN ...c.eviiiiiiiie ittt 13

RCSTA Register
ADDEN Bit....oooiiiiiiiiiiicii
CREN Bit ..ot
FERR Bit....
OERR Bit...

RX9 Bit ...... "
RXOD Bl
SPEN Bil...ooviieciiiece e
SREN Bit .o
REQISter File.. ..o
Register File Map.........ccooiieriiiiiiieee e 12
Registers
ADCONO (A/D Control 0).......ccceererveirieieneereeneeneeenes 79
ADCONL1 (A/D CoNntrol 1)....cccoeceeririenieieeeneeseeneeene 80
CCP1CON (CCP Control 1).....cccccevvinviiniieniienieeneene 55
EECON1 (EEPROM Control 1) ....ccccceevuvienrreiieniinnens 28
INTCON ... e 18
OPTION_REG.......cccc.... 17, 46
PCON (Power Control) ................. .. 23
PIE1 (Peripheral Interrupt Enable 1)... .. 19
PIE2 (Peripheral Interrupt Enable 2)............cccooevneeee. 21
PIR1 (Peripheral Interrupt Request Flag 1) ................ 20
PIR2 (Peripheral Interrupt Request Flag 2) ................ 22
RCSTA (Receive Status and Control) .............ccceeeee. 62
STATUS ..o 16
TL1CON (Timerl Control) ......ccovcvveriieiiiieee e 49
T2CON (Timer 2 Control) ... .. 53
TRISE ..o .. 40
TXSTA (Transmit Status and Control)............cccccveee. 61
RESEL ... 87,91
MCLR Reset. See MCLR.
RESET Conditions for All Registers ...........cccocvveenen.
RESET Conditions for PCON Register.............c.c.c.....
RESET Conditions for Program Counter .....

RESET Conditions for STATUS Register
Reset
Brown-out Reset (BOR). See Brown-out Reset (BOR).
Power-on Reset (POR). See Power-on Reset (POR).
WDT Reset. See Watchdog Timer (WDT).
REVISION HISLOIY .....coiuiiiiieii e 157

S

SCI. See USART
Serial Communication Interface. See USART.

SLEEP i 87, 91, 100
Software Simulator (MPLAB SIM) ......ccccccvviiiieiiiieeieeene 112
Software Simulator (MPLAB SIM30) .......ccccceeviiniienienns 112
SPBRG ....ooiiiiiiiiece e .15
SPBRG Register..........cccceoue.. .14
Special Features of the CPU ... .. 87
Special Function Registers..........ccovevviiiieiiiciicniecneenn 13

Special Function Register Summary ..........ccccoecveeennes 13
Speed, OPEratiNg........ccvveeirereriieie et e e 1
SSPADD REQISIEN.....uiiiiiiiiieiii et 15
SSPSTAT Register
SEACK ...t

Overflows...

Underflow .....
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Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-2819-3187
Fax: 86-571-2819-3189

China - Hong Kong SAR
Tel: 852-2943-5100

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Osaka
Tel: 81-6-6152-7160
Fax: 81-6-6152-9310

Japan - Tokyo
Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7828
Fax: 886-7-330-9305
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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