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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP
MCLRVPr — []°1 N~ 28[] <— RB7/PGD
RAO/ANO =[] 2 27[] = RB6/PGC
RAUANL =— [ 3 26[] < RB5
RA2/AN2/VREF-/CVREF =— [ 4 < 25 ] < RB4
RA3/AN3VRer+ =[] 5 = 24[] = RB3/PGM
Ra4Tockl/crouT =—L] 6 g 23] < RB2
RAS/AN4/SS/C20UT < [] 7 > 22[1 =— RB1
vss —= L[] 8 > 21[] =— RBO/INT
oscucLkl —= L] 9 5 20[] =— Voo
oscz/cLko =—[]10 8 19[ ] =— vss
RCO/T10SO/T1CKI < []11 = 18[] =— RC7/RX/DT
RCUT10SI/CCP2 = []12 17[] =— RCB/TX/CK
RC2/CCP1 <+—[]13 16[ ] =— RC5/SDO
RC3/scKk/scL =—[]14 15[ ] =—= RC4/SDI/SDA
a
i 2231883
28-Pin QFN 223929
S ‘—' N O W <
<<|OCmoomom
reSxrxoeon
oXRELEAITNY
RA2/AN2/VREF-/CVREF <—> 1 ~<—> RB3/PGM
RA3/AN3/VREF+ <—> 1 2 <= RB2
RA4/TOCKI/CIOUT <— 3 pi~16Eg73A 19 < RBL
RAS5/AN4/SS/C20UT < 14 <— RBO/INT
vss —»p5 PICIBF876A 174 o vpp
OSC1/CLKI —= 16 <~ Vss
OSC2/CLKO <-— 17 <— RC7/RX/DT
O dNM<
0O A A
SEE08R38
— QO0OVNMm©n
. N X ;‘ COov =32 x
44-Pin QFN as EQQxzinl
a o-d ow Q70
O w0
< 0O Ok nogl3zxo
X (9) mancdo@a 5) 2 Sc 8 O =
So=Ranaxngd E‘S a4
XOQNnnnnooagy S O
Ny O Ox
OUTONTAOMANAOD @
[CRONONaNaNaNaNONONONS]
roerrrrrrxrxe
INERRERERRE
JIQIIIVREIBS
RC7/RX/DT < |l@ 33| —= OSC2/CLKO
RD4/PSP4 <—» )2 32| <—— OSC1/CLKI
RD5/PSP5 =—= |3 31 =— Vss
RD6/PSP6 <> |4 301 ~— Vss
RD7/PSP7 <«— |5 P|C16F874A 29 =— VDD
Vss — 16 28| <—— VDD ___
VDD — }7 PIC16F877A  ,;| <—» RE2/CSIAN7
VDD — |8 261 = REl/M?/ANG
RBO/INT <—» }9 25| == REO/RD/AN5
RB1 <=—» }10 241 <—= RA5/AN4/SS/C20UT
RB2 == J11 o o o 231 == RA4/TOCKIC1OUT
A A A A A A A N NN
> oSN aeod L +
[aalaa] azz U
O -
& GRESI 02
) ol )
4 xo|s ro gz
£
=z
i( a4
o
<
hd

DS39582C-page 2 © 2001-2013 Microchip Technology Inc.



PIC16F87XA

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
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Flash RA1/AN1
Program RA2/AN2/VREF-/CVREF
Memory 8 Level Stack RAM 4 <« RA3/AN3/VREF+
(13-hit) File RA4/TOCKI/C1OUT
Registers RAS5/AN4/SS/C20UT
Program
Bus 14 RAM Addr® PORTB
RBO/INT
Instruction reg RB1
. RB2
H Direct Addr 7 Indivect | RB3/PGM
| RB4
FSR reg RB5
‘ RB6/PGC
8
PORTC
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Synchronous Voltage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F877A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the Status register.
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TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP | PLCC | TQFP | QFN | I/O/P Buffer Descrition
Pin# | Pin# | Pin# | Pin# | Type Type P
PORTC is a bidirectional 1/O port.

RCO/T10SO/T1CKI 15 16 32 34 ST

RCO lfe} Digital I/O.

T10SO (@] Timerl oscillator output.

T1CKI | Timerl external clock input.
RC1/T10Sl/CCP2 16 18 35 35 ST

RC1 lfe} Digital I/O.

T10SI | Timerl oscillator input.

CCP2 l{e] Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 36 ST

RC2 I{e] Digital I/O.

CCP1 1/0 Capturel input, Comparel output, PWM1 output.
RC3/SCK/SCL 18 20 37 37 ST

RC3 lfe} Digital I/O.

SCK 1/0 Synchronous serial clock input/output for SPI

mode.
SCL 110 Synchronous serial clock input/output for 1’c
mode.

RC4/SDI/SDA 23 25 42 42 ST

RC4 110 Digital I/O.

SDI | SPI data in.

SDA 110 12C data I/O.
RC5/SDO 24 26 43 43 ST

RC5 110 Digital I/O.

Sbo (0] SPI data out.
RC6/TX/CK 25 27 44 44 ST

RC6 lfe} Digital I/O.

TX (@] USART asynchronous transmit.

CK 1/0 USART1 synchronous clock.
RC7/RX/IDT 26 29 1 1 ST

RC7 lfe} Digital I/O.

RX | USART asynchronous receive.

DT 1/0 USART synchronous data.
Legend: |=input O = output I/O = input/output P = power

— =Notused TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS39582C-page 12
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2221 Status Register

The Status register contains the arithmetic status of the
ALU, the Reset status and the bank select bits for data
memory.

The Status register can be the destination for any
instruction, as with any other register. If the Status reg-
ister is the destination for an instruction that affects the
Z, DC or C bits, then the write to these three bits is dis-
abled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
Status register as destination may be different than
intended.

For example, CLRF STATUS, will clear the upper three
bits and set the Z bit. This leaves the Status register as
000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
Status register because these instructions do not affect
the Z, C or DC bits from the Status register. For other
instructions not affecting any status bits, see
Section 15.0 “Instruction Set Summary”.

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 | RPO | TO P> | z | bc c
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)

bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
01 = Bank 1 (80h-FFh)
00 = Bank 0 (00h-7Fh)
Each bank is 128 bytes.

bit 4 TO: Time-out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

bit 0

(for borrow, the polarity is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high, or low order bit of the source register.

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

DS39582C-page 22
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2.2.2.7 PIR2 Register Note: Interrupt flag bits are set when an interrupt
The PIR2 register contains the flag bits for the CCP2 condition occurs regardless of the state of
interrupt, the SSP bus collision interrupt, EEPROM its corresponding enable bit or the global
write operation interrupt and the comparator interrupt. enable bit, GIE (INTCON<7>). User

software should ensure the appropriate
interrupt flag bits are clear prior to
enabling an interrupt.

REGISTER 2-7: PIR2 REGISTER (ADDRESS 0Dh)

u-0 R/W-0 uU-0 R/W-0 R/W-0 u-0 u-0 R/W-0
— | emF | — | EEF | BCLF = — | ccpaiF
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6 CMIF: Comparator Interrupt Flag bit

1 = The comparator input has changed (must be cleared in software)
0 = The comparator input has not changed

bit 5 Unimplemented: Read as ‘0’

bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit
1 = The write operation completed (must be cleared in software)
0 = The write operation is not complete or has not been started

bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision has occurred in the SSP when configured for 12C Master mode
0 = No bus collision has occurred

bit 2-1 Unimplemented: Read as ‘0’

bit 0 CCP2IF: CCP2 Interrupt Flag bit

Capture mode:
1 = ATMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1 = ATMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused.

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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2.2.2.8 PCON Register Note:  BOR is unknown on Power-on Reset. It
The Power Control (PCON) register contains flag bits must be set by the user and checked on
to allow differentiation between a Power-on Reset subsequent Resets to see if BOR is clear,
(POR), a Brown-out Reset (BOR), a Watchdog Reset indicating a brown-out has occurred. The
(WDT) and an external MCLR Reset. BOR status bit is a “don’t care” and is not
predictable if the brown-out circuit is dis-
abled (by clearing the BODEN bhit in the
configuration word).
REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
u-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-1
arEEE | — — POR BOR
bit 7 bit 0
bit 7-2 Unimplemented: Read as ‘0’

bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Legend:
R = Readable bit W = Writable bit
- n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared X = Bit is unknown

© 2001-2013 Microchip Technology Inc.
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3.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The data EEPROM and Flash program memory is read-
able and writable during normal operation (over the full
VDD range). This memory is not directly mapped in the
register file space. Instead, it is indirectly addressed
through the Special Function Registers. There are six
SFRs used to read and write this memory:

« EECON1
« EECON2
 EEDATA
« EEDATH
« EEADR

« EEADRH

When interfacing to the data memory block, EEDATA
holds the 8-bit data for read/write and EEADR holds the
address of the EEPROM location being accessed.
These devices have 128 or 256 bytes of data EEPROM
(depending on the device), with an address range from
00h to FFh. On devices with 128 bytes, addresses from
80h to FFh are unimplemented and will wraparound to
the beginning of data EEPROM memory. When writing
to unimplemented locations, the on-chip charge pump
will be turned off.

When interfacing the program memory block, the
EEDATA and EEDATH registers form a two-byte word
that holds the 14-bit data for read/write and the EEADR
and EEADRH registers form a two-byte word that holds
the 13-bit address of the program memory location
being accessed. These devices have 4 or 8K words of
program Flash, with an address range from 0000h to
OFFFh for the PIC16F873A/874A and 0000h to 1FFFh
for the PIC16F876A/877A. Addresses above the range
of the respective device will wraparound to the
beginning of program memory.

The EEPROM data memory allows single-byte read and
write. The Flash program memory allows single-word
reads and four-word block writes. Program memory
write operations automatically perform an erase-before-
write on blocks of four words. A byte write in data
EEPROM memory automatically erases the location
and writes the new data (erase-before-write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device for byte or word operations.

When the device is code-protected, the CPU may
continue to read and write the data EEPROM memory.
Depending on the settings of the write-protect bits, the
device may or may not be able to write certain blocks
of the program memory; however, reads of the program
memory are allowed. When code-protected, the device
programmer can no longer access data or program
memory; this does NOT inhibit internal reads or writes.

3.1 EEADR and EEADRH

The EEADRH:EEADR register pair can address up to
a maximum of 256 bytes of data EEPROM or up to a
maximum of 8K words of program EEPROM. When
selecting a data address value, only the LSByte of the
address is written to the EEADR register. When select-
ing a program address value, the MSByte of the
address is written to the EEADRH register and the
LSByte is written to the EEADR register.

If the device contains less memory than the full address
reach of the address register pair, the Most Significant
bits of the registers are not implemented. For example,
if the device has 128 bytes of data EEPROM, the Most
Significant bit of EEADR is not implemented on access
to data EEPROM.

3.2 EECON1 and EECON2 Registers

EECONL1 is the control register for memory accesses.

Control bit, EEPGD, determines if the access will be a
program or data memory access. When clear, as it is
when reset, any subsequent operations will operate on
the data memory. When set, any subsequent
operations will operate on the program memory.

Control bits, RD and WR, initiate read and write or
erase, respectively. These bits cannot be cleared, only
set, in software. They are cleared in hardware at com-
pletion of the read or write operation. The inability to
clear the WR bit in software prevents the accidental,
premature termination of a write operation.

The WREN bit, when set, will allow a write or erase
operation. On power-up, the WREN bit is clear. The
WRERR bit is set when a write (or erase) operation is
interrupted by a MCLR or a WDT Time-out Reset dur-
ing normal operation. In these situations, following
Reset, the user can check the WRERR bit and rewrite
the location. The data and address will be unchanged
in the EEDATA and EEADR registers.

Interrupt flag bit, EEIF in the PIR2 register, is set when
the write is complete. It must be cleared in software.

EECON?2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the EEPROM write sequence.

Note: The self-programming mechanism for Flash
program memory has been changed. On
previous PIC16F87X devices, Flash pro-
gramming was done in single-word erase/
write cycles. The newer PIC18F87XA
devices use a four-word erase/write
cycle. See Section 3.6 “Writing to Flash

Program Memory” for more information.

© 2001-2013 Microchip Technology Inc.
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TABLE 4-3: PORTB FUNCTIONS
Name Bit# Buffer Function
RBO/INT bit 0 TTLISTD Input/output pin or external interrupt input. Internal software programmable
weak pull-up.
RB1 bit 1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit 2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3/PGM® | it 3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.
RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB5 bit 5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB6/PGC bit 6 TTLST® Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming clock.
RB7/PGD bit 7 TTLST® Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming data.
Legend: TTL =TTL input, ST = Schmitt Trigger input

Note 1:

This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode or in-circuit debugger.
3. Low-Voltage ICSP Programming (LVP) is enabled by default which disables the RB3 I/O function. LVP

must be disabled to enable RB3 as an I/0 pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

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

© 2001-2013 Microchip Technology Inc.
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NOTES:
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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

DS39582C-page 72
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9.4.6.1 12C Master Mode Operation

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA while SCL outputs the
serial clock. Serial data is received 8 bits at a time. After
each byte is received, an Acknowledge bit is transmit-
ted. Start and Stop conditions indicate the beginning
and end of transmission.

The baud rate generator used for the SPI mode opera-
tion is used to set the SCL clock frequency for either
100 kHz, 400 kHz or 1MHz I2C operation. See
Section 9.4.7 “Baud Rate Generator” for more detail.

A typical transmit sequence would go as follows:

1. The user generates a Start condition by setting
the Start Enable bit, SEN (SSPCON2<0>).

2. SSPIF is set. The MSSP module will wait the
required Start time before any other operation
takes place.

3. The user loads the SSPBUF with the slave
address to transmit.

4. Address is shifted out the SDA pin until all 8 bits
are transmitted.

5. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCONZ2 register (SSPCON2<6>).

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

7. The user loads the SSPBUF with eight bits of
data.

8. Datais shifted out the SDA pin until all 8 bits are
transmitted.

9. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCON2 register (SSPCON2<6>).

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

11. The user generates a Stop condition by setting
the Stop Enable bit, PEN (SSPCON2<2>).

12. Interrupt is generated once the Stop condition is
complete.

DS39582C-page 96
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1°C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 9-22:
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9.4.12 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN
(SSPCON2<4>). When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The Baud Rate
Generator then counts for one rollover period (TBRG)
and the SCL pin is deasserted (pulled high). When the
SCL pin is sampled high (clock arbitration), the Baud
Rate Generator counts for TBRG. The SCL pin is then
pulled low. Following this, the ACKEN bit is automatically
cleared, the baud rate generator is turned off and the
MSSP module then goes into Idle mode (Figure 9-23).

9.4.12.1  WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 9-23:

9.4.13 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN (SSPCON2<2>). At the end of a receive/
transmit, the SCL line is held low after the falling edge
of the ninth clock. When the PEN bit is set, the master
will assert the SDA line low. When the SDA line is sam-
pled low, the Baud Rate Generator is reloaded and
counts down to 0. When the Baud Rate Generator
times out, the SCL pin will be brought high and one
TBRG (Baud Rate Generator rollover count) later, the
SDA pin will be deasserted. When the SDA pin is sam-
pled high while SCL is high, the P bit (SSPSTAT<4>) is
set. A TBRG later, the PEN bit is cleared and the SSPIF
bit is set (Figure 9-24).

9.4.13.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, then the WCOL bit is set and the con-
tents of the buffer are unchanged (the write doesn't
occur).

ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
write to SSPCON2
ACKEN =1, ACKDT = 0

X

|

\

SDA

}— TBRG —»i-—TBRG —]

r ACKEN automatically cleared

SCL

SSPIF

Set SSPIF at the end J

of receive Cleared in

software

Note: TBRG = one Baud Rate Generator period.

L Cleared in
software

Set SSPIF at the end
of Acknowledge sequence

to setup Stop condition

Note: TBRG = one Baud Rate Generator period.

FIGURE 9-24: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2, SCL = 1 for TBRG, followed by SDA = 1 for TBRG
set PEN | l after SDA sampled high. P bit (SSPSTAT<4>) is set.
Falling edge of PEN bit (SSPCON2<2>) is cleared by
9th clock l r — hardware and the SSPIF bit is set
TBRG |
sCL \ T | |
SDA ACK | / |
L P v
[+— TBRG —}¢«— TBRG —}¢— TBRG —
r SCL brought high after TBRG

SDA asserted low before rising edge of clock
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TABLE 10-10: 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 : 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 | TMRL1IF [ 0000 0000|0000 0000
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 PsSPIE® | ADIE RCIE | TXIE | SSPIE |[CCP1lIE | 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, read as ‘0’. Shaded cells are not used for synchronous slave transmission.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

10.4.2 USART SYNCHRONOUS SLAVE When setting up a Synchronous Slave Reception,
RECEPTION follow these steps:

The operation of the Synchronous Master and Slave 1. Enable the synchronous master serial port by

modes is identical, except in the case of the Sleep setting bits SYNC and SPEN and clearing bit

mode. Bit SREN is a “don't care” in Slave mode. CSRC.

If receive is enabled by setting bit CREN prior to the 2. If mtgrrupts are d.esweo!, set enaple bit RCIE.

SLEEP instruction, then a word may be received during 3. If 9-bit reception is desired, set bit RX9.

Sleep. On completely receiving the word, the RSR reg- 4. To enable reception, set enable bit CREN.

ister will transfer the data to the RCREG register and if 5. Flag bit RCIF will be set when reception is

enable bit RCIE bit is set, the interrupt generated will Comp|ete and an interrupt will be generated if

wake the chip from Sleep. If the global interrupt is enable bit RCIE was set.

enabled, the program will branch to the interrupt vector 6. Read the RCSTA register to get the ninth bit (if

(0004h). enabled) and determine if any error occurred

during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

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

TABLE 10-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR Resets

0Bh, 8Bh, [INTCON GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF ROIF | 0000 000x| 0000 000u
10Bh,18Bh

0Ch PIR1 PsSPIFY | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR OERR RX9D (0000 000x|0000 000x
1Ah RCREG | USART Receive Register 0000 0000|0000 0000
8Ch PIE1 PsSPIE® | 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, read as ‘0’. Shaded cells are not used for synchronous slave reception.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices, always maintain these bits clear.
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The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D Result
register pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block
diagram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1 “A/D
Acquisition Requirements”. After this acquisition
time has elapsed, the A/D conversion can be started.

To do an A/D Conversion, follow these steps:

1. Configure the A/D module:

» Configure analog pins/voltage reference and
digital /O (ADCONZ1)

» Select A/D input channel (ADCONO)
 Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)

Configure A/D interrupt (if desired):

» Clear ADIF bit

» Set ADIE hit

» Set PEIE bit

» Set GIE bit

Wait the required acquisition time.

Start conversion:

» Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete by either:

 Polling for the GO/DONE bit to be cleared
(interrupts disabled); OR

» Waiting for the A/D interrupt

Read A/D Result register pair

(ADRESH:ADRESL), clear bit ADIF if required.

For the next conversion, go to step 1 or step 2

as required. The A/D conversion time per bit is

defined as TAD.

FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHSO
. 111
; : RE2/AN7(
: 110
. RE1/AN6W
: 101
: . REO/AN5()
: 100
' RA5/AN4
VAIN ' '
. 011
(Input Voltage) - - »—‘E RA3/AN3/VREF+
AID : \o 010 .
Converter ' T & RA2/AN2/VREF-
: 001 .
VDD - \O ; & RAL/AN1
T : 000 |
VREF+ .O/ . | \o ; & RAO/ANO
(Reference : o~
Voltage) . H H .
PCFG3:PCFGO
VREF- X O/O '
(Reference X :
Voltage)

T vss
PCFG3:PCFGO

Note 1: Not available on 28-pin devices.
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TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Devices Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
W 73A | 7T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
INDF 73A | 7T4A | 7T6A | 77A N/A N/A N/A
TMRO 73A | 7T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
PCL 73A | 74A | 76A | 7T7A 0000 0000 0000 0000 pc + 10
STATUS 73A | 74A | 76A | T7A 0001 1xxx 000q quuu® uuug quuu®
FSR 73A | 7T4A | T6A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 73A | 7T4A | T6A | 77A --0x 0000 --0u 0000 --uu uuuu
PORTB 73A | 7T4A | T6A | TTA XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 73A | 7T4A | T6A | T7A XXXX XXXX uuuu uuuu uuuu uuuu
PORTD 73A | 74A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
PORTE 73A | 7T4A | 7T6A | 77A ---- XXX ---- -uuu ---- -uuu
PCLATH 73A | T4A | 76A | T7A ---0 0000 ---0 0000 ---u uuuu
INTCON 73A | 74A | 76A | 7T7A 0000 000x 0000 000u uuuu uuuu®
BIRL 73A | T4A | T6A | T7A r000 0000 r000 0000 ruuu uuuu®
73A | 74A | 76A | 7T7A 0000 0000 0000 0000 uuuu uuuu®
PIR2 73A | 74A | 76A | T7A -0-0 0--0 -0-0 0--0 ~u-u u--u®
TMR1L 73A | 7T4A | T6A | TTA XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 73A | 7T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 73A | 7T4A | T6A | 77A --00 0000 --uu uuuu --uu uuuu
TMR2 73A | 74A | T6A | TTA 0000 0000 0000 0000 uuuu uuuu
T2CON 73A | T4A | T6A | 77A -000 0000 -000 0000 -uuu uuuu
SSPBUF 73A | 74A | 76A | TTA XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 73A | 74A | 76A | T7A 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 73A | 7T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 73A | T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 73A | 7T4A | T6A | TTA --00 0000 --00 0000 --uu uuuu
RCSTA 73A | 7T4A | T6A | 77A 0000 000x 0000 000x uuuu uuuu
TXREG 73A | 7T4A | T6A | T7A 0000 0000 0000 0000 uuuu uuuu
RCREG 73A | 7T4A | T6A | TTA 0000 0000 0000 0000 uuuu uuuu
CCPR2L 73A | 7T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H 73A | 7T4A | T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON 73A | 7T4A | T6A | TTA 0000 0000 0000 0000 uuuu uuuu
ADRESH 73A | 74A | 76A | TTA XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 73A | 7T4A | T6A | 77A 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 73A | 7T4A | 7T6A | T7A 1111 1111 1111 1111 uuuu uuuu
TRISA 73A | 7T4A | T6A | 7T7A --11 1111 --11 1111 --uu uuuu
TRISB 73A | 7T4A | T6A | 77A 1111 1111 1111 1111 uuuu uuuu
TRISC 73A | 7T4A | T6A | TTA 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition,

r = reserved, maintain clear. Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).

2:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).

3: See Table 14-5 for Reset value for specific condition.
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CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 < k<2047

Operation: (PC)+ 1> TOS,
k - PC<10:0>,
(PCLATH<4:3>) - PC<12:11>

Status Affected:  None

Description: Call Subroutine. First, return
address (PC+1) is pushed onto
the stack. The eleven-hit
immediate address is loaded into
PC bits <10:0>. The upper bits of
the PC are loaded from PCLATH.
CALL is a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
157

Status Affected: Z

Description: The contents of register ‘f’ are
cleared and the Z hit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h —» (W)
1527

Status Affected: Z

Description: W register is cleared. Zero bit (Z)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h - WDT
0 — WDT prescaler,
170
1->PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets the
prescaler of the WDT. Status bits,
TO and PD, are set.

COMF Complement f

Syntax: [label] COMF fd

Operands: 0<f<127
d € [0,1]

Operation: () > (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the
result is stored in W. If ‘d’ is ‘1’,
the result is stored back in
register ‘f’.

DECF Decrement f

Syntax: [label] DECF fd

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

Operation: (f) - 1 — (destination)

Status Affected: Z

Description: Decrement register ‘f. If ‘'d" is ‘0,

the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register ‘f'.
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17.2 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial, Extended)
PIC16LF873A/874A/876A/877A (Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
DC CHARACTERISTICS -40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC specification
(Section 17.1)
Pilrsm Sym Characteristic Min |Typt| Max |Units Conditions
ViL Input Low Voltage
1/O ports:
D030 with TTL buffer Vss — (0.15VbD| V |For entire VDD range
DO0O30A Vss — 0.8V V 4.5V <VDD 5.5V
D031 with Schmitt Trigger buffer Vss — |(0.2VDD| V
D032 MCLR, OSCL1 (in RC mode) Vss — |02voD| V
D033 OSC1 (in XT and LP modes) Vss — 0.3V V |(Note 1)
OSCL1 (in HS mode) Vss — |(03VDD| V
Ports RC3 and RC4: —
D034 with Schmitt Trigger buffer Vss — | 0.3VDD| V |[Forentre VDD range
D034A with SMBus -0.5 — 0.6 V |For VDD = 4.5 10 5.5V
VIH Input High Voltage
1/0O ports: —
D040 with TTL buffer 2.0 — VDD V |4.5V <VDD <5.5V
DO040A 0.25VpD | — VDD V |For entire VDD range
+ 0.8V
D041 with Schmitt Trigger buffer 0.8VbD | — VDD V |For entire VDD range
D042 MCLR 0.8VoDp | — | VDD v
DO042A OSCL1 (in XT and LP modes) 1.6V — VDD V |(Note 1)
OSCL1 (in HS mode) 0.7VoD | — VDD \%
D043 OSC1 (in RC mode) 09VDoD | — VDD \Y,
Ports RC3 and RC4:
D044 with Schmitt Trigger buffer 0.7VbD | — VDD V |For entire VDD range
DO044A with SMBus 1.4 — 55 V |For VDD =4.5t0 5.5V
D070 |lPurB |PORTB Weak Pull-up Current 50 250 400 pA |VDD =5V, VPIN = Vss,
-40°C 710 +85°C
I Input Leakage Current® 3)
D060 1/O ports — — +1 pA |Vss < VPIN < VDD,
pin at high-impedance
D061 MCLR, RA4/TOCKI — — +5 pA |Vss < VPIN < VDD
D063 0OSscC1 — — +5 pA |VSs <VPIN VDD, XT, HS
and LP osc configuration

* 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
PIC16F87XA 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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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
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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 Skinny Plastic Dual In-line (SP) — 300 mil (PDIP)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

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

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-095

Drawing No. C04-070
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