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PIC16F882/883/884/886/887

3.0 I/O PORTS The TRISA register (Register 3-2) controls the PORTA

pin output drivers, even when they are being used as
There are as many as 35 general purpose I/O pins analog inputs. The user should ensure the bits in the
available. Depending on which peripherals are TRISA register are maintained set when using them as
enabled, some or all of the pins may not be available as analog inputs. I/O pins configured as analog input always
general purpose I/O. In general, when a peripheral is read ‘0.

enabled, the associated pin may not be used as a

general purpose /O pin Note:  The ANSEL register must be initialized to

configure an analog channel as a digital
. input. Pins configured as analog inputs
3.1  PORTA and the TRISA Registers i g.np
PORTA is a 8-bit wide, bidirectional port. The

corresponding data direction register is TRISA

EXAMPLE 3-1: INITIALIZING PORTA

(Register 3-2). Setting a TRISA bit (= 1) will make the BANKSEL PORTA ;

corresponding PORTA pin an input (i.e., disable the CLRF PORTA ;Init PORTA

output driver). Clearing a TRISA bit (= 0) will make the BANKSEL ANSEL ;

corresponding PORTA pin an output (i.e., enables CLRF  ANSEL cdigital 170

output driver and puts the contents of the output latch E/’SSESVEL ggSA ! Set RA<3:2> as inputs
_on_the selected pin). Example 3-1 shows how to MOWE TR SA "and set RA<5:4,1:0>
initialize PORTA. -as outputs

Reading the PORTA register (Register 3-1) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch.

REGISTER 3-1: PORTA: PORTA REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
bit 7 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
bit 7-0 RA<7:0>: PORTA I/O Pin bit

1 = Port pinis > VIH
0 = Port pinis < VIL

REGISTER 3-2: TRISA: PORTA TRI-STATE REGISTER

R/W-10) R/W-10) R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISA7 TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO
bit 7 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
bit 7-0 TRISA<7:0>: PORTA Tri-State Control bit

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

Note 1: TRISA<7:6> always reads ‘1’in XT, HS and LP Oscillator modes.
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3.3 PORTB and TRISB Registers

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 3-6). Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISB bit (= 0) will make the corresponding
PORTB pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 3-3 shows how to initialize PORTB.

Reading the PORTB register (Register 3-5) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

The TRISB register (Register 3-6) controls the PORTB
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISB register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0’. Example 3-3 shows how to initialize PORTB.

EXAMPLE 3-3: INITIALIZING PORTB

BANKSEL PORTB
CLRF PORTB
BANKSEL TRI SB ;
MOVLW B' 11110000’ ; Set RB<7:4> as inputs
;and RB<3: 0> as outputs

;Init PORTB

MOVWF  TRI SB

Note:  The ANSELH register must be initialized
to configure an analog channel as a digital
input. Pins configured as analog inputs
will read ‘0’

3.4 Additional PORTB Pin Functions

PORTB pins RB<7:0> on the device family device have
an interrupt-on-change option and a weak pull-up
option. The following three sections describe these
PORTB pin functions.

Every PORTB pin on this device family has an
interrupt-on-change option and a weak pull-up option.

34.1 ANSELH REGISTER

The ANSELH register (Register 3-4) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELH bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELH bits has no affect on digital
output functions. A pin with TRIS clear and ANSELH
set will still operate as a digital output, but the Input
mode will be analog. This can cause unexpected
behavior when executing read-modify-write
instructions on the affected port.

3.4.2 WEAK PULL-UPS

Each of the PORTB pins has an individually configurable
internal weak pull-up. Control bits WPUB<7:0> enable or
disable each pull-up (see Register 3-7). Each weak
pull-up is automatically turned off when the port pin is
configured as an output. All pull-ups are disabled on a
Power-on Reset by the RBPU bit of the OPTION register.

3.4.3 INTERRUPT-ON-CHANGE

All of the PORTB pins are individually configurable as an
interrupt-on-change pin. Control bits IOCB<7:0> enable
or disable the interrupt function for each pin. Refer to
Register 3-8. The interrupt-on-change feature is
disabled on a Power-on Reset.

For enabled interrupt-on-change pins, the present value
is compared with the old value latched on the last read
of PORTB to determine which bits have changed or
mismatched the old value. The ‘mismatch’ outputs of
the last read are OR'd together to set the PORTB
Change Interrupt flag bit (RBIF) in the INTCON register.

This interrupt can wake the device from Sleep. The user,
in the Interrupt Service Routine, clears the interrupt by:

a) Any read or write of PORTB. This will end the
mismatch condition.
b) Clear the flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading or writng PORTB will end the mismatch
condition and allow flag bit RBIF to be cleared. The latch
holding the last read value is not affected by a MCLR nor
Brown-out Reset. After these Resets, the RBIF flag will
continue to be set if a mismatch is present.

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RBIF
interrupt flag may not get set. Furthermore,
since a read or write on a port affects all bits
of that port, care must be taken when using
multiple pins in Interrupt-on-Change mode.
Changes on one pin may not be seen while
servicing changes on another pin.
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35 PORTC and TRISC Registers The TRISC register (Register 3-10) controls the PORTC
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISC register are maintained set when using them as
analog inputs. I/0 pins configured as analog input always

PORTC is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISC
(Register 3-10). Setting a TRISC bit (= 1) will make the

corresponding PORTC pin an input (i.e., put the read ‘0.
corresponding output driver in a High-Impedance mode).
Clearing a TRISC bit (= 0) will make the corresponding EXAMPLE 3-4- INITIALIZING PORTC
PORTC pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin). BANKSEL PORTC ;
Example 3-4 shows how to initialize PORTC. CLRF  PORTC »Init PORTC

BANKSEL TRI SC ;
Reading the PORTC register (Register 3-9) reads the MOVLW B 00001100° ;Set RC<3:2> as inputs
status of the pins, whereas writing to it will write to the MOWE  TRI SC ;and set RC<7:4,1:0>
PORT latch. All write operations are read-modify-write ;as outputs
operations. Therefore, a write to a port implies that the

port pins are read, this value is modified and then written
to the PORT data latch.

REGISTER 3-9: PORTC: PORTC REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
bit 7 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
bit 7-0 RC<7:0>: PORTC General Purpose I/O Pin bit

1 = Port pinis > VIH
0 = Port pin is < VIL

REGISTER 3-10: TRISC: PORTC TRI-STATE REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1(1) R/W-1(1)
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
bit 7 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
bit 7-0 TRISC<7:0>: PORTC Tri-State Control bit

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

Note 1. TRISC<1:0> always reads ‘1’ in LP Oscillator mode.
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4.7.2

TWO-SPEED START-UP
SEQUENCE

Wake-up from Power-on Reset or Sleep.

Instructions begin execution by the internal
oscillator at the frequency set in the IRCF<2:0>
bits of the OSCCON register.

4.7.3 CHECKING TWO-SPEED CLOCK

STATUS

Checking the state of the OSTS bit of the OSCCON
register will confirm if the microcontroller is running
from the external clock source, as defined by the
FOSC<2:0> bits in the Configuration Word Register 1

3. OST enabled to count 1024 clock cycles. (CONFIG1), or the internal oscillator.

4. OST timed out, wait for falling edge of the
internal oscillator.

5. OSTS s set.

6. System clock held low until the next falling edge
of new clock (LP, XT or HS mode).

7. System clock is switched to external clock
source.

FIGURE 4-7: TWO-SPEED START-UP

wrNTose 7\ /AN T\

L TosT >
osci < 0 X 1 \%\1022X 1023 / \ /
osc2 X \
Program Counter | PC-N )} PC X PC+1 X

system ook \_/ AN/ /N
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REGISTER DEFINITIONS: OPTION REGISTER
REGISTER 5-1: OPTION_REG: OPTION REGISTER

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 PS?2 PS1 PSO
bit 7 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
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual PORT latch values

bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits

BIT VALUE TMRO RATE  WDT RATE

000
001
010
011
100
101
110
11

12
14
18
116
132
164
1128
: 256

PR P RRRPR R
PR R R R R

Note 1: A dedicated 16-bit WDT postscaler is available. See Section 14.5 “Watchdog Timer (WDT)” for more
information.

TABLE 5-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO EEQF',Z;G;
TMRO TimerO Module Register 75
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
OPTION_REG RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO 77
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISALl | TRISAO 40
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the

Timer0 module.

© 2006-2015 Microchip Technology Inc. DS40001291H-page 77



PIC16F882/883/884/886/887

10.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
CONTROL

The Data EEPROM and Flash program memory are
readable and writable during normal operation (full VbD
range). These memories are not directly mapped in the
register file space. Instead, they are indirectly
addressed through the Special Function Registers
(SFRs). There are six SFRs used to access these
memories:

« EECON1

« EECON2

« EEDAT

+ EEDATH

« EEADR

« EEADRH (bit 4 on PIC16F886/PIC16F887 only)

When interfacing the data memory block, EEDAT holds
the 8-bit data for read/write, and EEADR holds the
address of the EEDAT location being accessed. These
devices have 256 bytes of data EEPROM with an
address range from Oh to OFFh.

When accessing the program memory block of the
PIC16F886/PIC16F887 devices, the EEDAT and EED-
ATH registers form a 2-byte word that holds the 14-bit
data for read/write, and the EEADR and EEADRH reg-
isters form a 2-byte word that holds the 12-bit address
of the EEPROM location being read. The PIC16F882
devices have 2K words of program EEPROM with an
address range from Oh to O07FFh. The PIC16F883/
PIC16F884 devices have 4K words of program
EEPROM with an address range from Oh to OFFFh.
The program memory allows one-word reads.

The EEPROM data memory allows byte read and write.
A byte write 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.

Depending on the setting of the Flash Program
Memory Self Write Enable bits WRT<1:0> of the
Configuration Word Register 2, the device may or may
not be able to write certain blocks of the program
memory. However, reads from the program memory
are allowed.

When the device is code-protected, the CPU may
continue to read and write the data EEPROM memory
and Flash program memory. When code-protected, the
device programmer can no longer access data or
program memory.

10.1 EEADR and EEADRH Registers

The EEADR and EEADRH registers 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 program address value, the MSB of
the address is written to the EEADRH register and the
LSB is written to the EEADR register. When selecting a
data address value, only the LSB of the address is
written to the EEADR register.

10.1.1 EECON1 AND EECON2 REGISTERS

EECONL1 is the control register for EE memory
accesses.

Control bit EEPGD determines if the access will be a pro-
gram 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 oper-
ate on the program memory. Program memory can only
be read.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
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 operation to
data EEPROM. On power-up, the WREN bit is clear.
The WRERR bit is set when a write operation is
interrupted by a MCLR or a WDT Time-out Reset
during normal operation. In these situations, following
Reset, the user can check the WRERR bit and rewrite
the location.

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

EECONZ2 is not a physical register. Reading EECON2
will read all ‘O's. The EECON2 register is used
exclusively in the data EEPROM write sequence.
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REGISTER DEFINITIONS: DATA EEPROM CONTROL
REGISTER 10-1: EEDAT: EEPROM DATA REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EEDAT7 EEDAT6 EEDAT5 EEDAT4 EEDAT3 EEDAT2 EEDAT1 EEDATO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 EEDAT<7:0>: Eight Least Significant Address bits to Write to or Read from data EEPROM or Read from program

memory

REGISTER 10-2: EEADR: EEPROM ADDRESS REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEADR7 EEADRG6 EEADRS5 EEADR4 EEADR3 EEADR2 EEADR1 EEADRO
bit 7 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
bit 7-0 EEADR<7:0>: Eight Least Significant Address bits for EEPROM Read/Write Operation(l) or Read from program
memory

REGISTER 10-3: EEDATH: EEPROM DATA HIGH BYTE REGISTER

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— | — EEDATH5 | EEDATH4 | EEDATH3 | EEDATH2 EEDATH1 EEDATHO
bit 7 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
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 EEDATH<5:0>: Six Most Significant Data bits from program memory

REGISTER 10-4: EEADRH: EEPROM ADDRESS HIGH BYTE REGISTER

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— | — — | EEADRH4) | EEADRH3 | EEADRH2 | EEADRH1 | EEADRHO
bit 7 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
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 EEADRH<4:0>: Specifies the four Most Significant Address bits or high bits for program memory reads

Note 1: PIC16F886/PIC16F887 only.
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10.3 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the data
EEPROM should be verified (see Example 10-5) to the
desired value to be written.

EXAMPLE 10-5: WRITE VERIFY

BANKSEL EEDAT ;

MOVF EEDAT, W ; EEDAT not changed
;fromprevious wite

BANKSEL EECON1 ;

BSF EECON1, RD ; YES, Read the
;value witten

BANKSEL EEDAT ;

XORWF EEDAT, W ;

BTFSS  STATUS, Z

GOTO VRl TE_ERR

;ls data the sane
;No, handl e error
: ;' Yes, continue
BCF STATUS, RP1 ; Bank 0O

10.3.1 USING THE DATA EEPROM

The data EEPROM is a high-endurance, byte
addressable array that has been optimized for the
storage of frequently changing information (e.g.,
program variables or other data that are updated often).
When variables in one section change frequently, while
variables in another section do not change, it is possible
to exceed the total number of write cycles to the
EEPROM (specification D124) without exceeding the
total number of write cycles to a single byte
(specifications D120 and D120A). If this is the case,
then a refresh of the array must be performed. For this
reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory.

10.4 Protection Against Spurious Write

There are conditions when the user may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built in. On power-up, WREN is cleared. Also, the
Power-up Timer (64 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during:

* Brown-out

* Power Glitch

 Software Malfunction

10.5 Data EEPROM Operation During
Code-Protect

Data memory can be code-protected by programming
the CPD bit in the Configuration Word Register 1
(Register 14-1) to ‘0"

When the data memory is code-protected, only the
CPU is able to read and write data to the data
EEPROM. It is recommended to code-protect the pro-
gram memory when code-protecting data memory.
This prevents anyone from programming zeros over
the existing code (which will execute as NOPs) to reach
an added routine, programmed in unused program
memory, which outputs the contents of data memory.
Programming unused locations in program memory to
‘0" will also help prevent data memory code protection
from becoming breached.

© 2006-2015 Microchip Technology Inc.
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TABLE 11-6: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO Srfg;z;e;
CCP1CON P1M1 P1MO DC1B1 DC1BO CCP1M3 | CCP1M2 |CCP1M1 |CCP1MO 122
CCP2CON — — DC2B1 DC2B0 | CCP2M3 | CCP2M2 |CCP2M1 | CCP2MO 123
CCPRIL Capture/Compare/PWM Register 1 Low Byte (LSB) 124
CCPR1H Capture/Compare/PWM Register 1 High Byte (MSB) 124
CCPR2L Capture/Compare/PWM Register 2 Low Byte (LSB) 124
CCPR2H Capture/Compare/PWM Register 2 High Byte (MSB) 124
CM2CON1 |MC1OUT | MC20UT | C1RSEL | C2RSEL — — T1GSS | C2SYNC 92
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE1 — ADIE RCIE TXIE SSPIE CCPlIE | TMR2IE | TMR1IE 33
PIE2 OSFIE C2IE ClIE EEIE BCLIE ULPWUIE — CCP2IE 34
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 35
PIR2 OSFIF C2IF ClIF EEIF BCLIF ULPWUIF — CCP2IF 36
T1CON T1GINV | TMR1GE | TICKPS1 [ TICKPSO | TLOSCEN | TISYNC |TMR1CS |TMR1ON 81
TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 78
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 78
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 TRISC3 TRISC2 | TRISC1 | TRISCO 54
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the

Capture and Compare.

TABLE 11-7: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁggzgeg
CCPICON | PiM1 PIMO | DC1B1 | DC1BO | CCP1M3 |CCP1M2|CCP1M1 | CCP1MO 122
CCP2CON — — DC2B1 | DC2B0 | CCP2M3 |CCP2M2 | CCP2M1 | CCP2MO 123
ECCPAS |ECCPASE|ECCPAS2|ECCPAS1| ECCPASO | PSSACL | PSSACO | PSSBD1 | PSSBDO 140
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PR2 Timer2 Period Register 83
PSTRCON — — — STRSYNC| STRD STRC STRB STRA 144
PWM1CON | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 143
T2CON — TOUTPS3|TOUTPS2| TOUTPS1 |TOUTPSO0| TMR20ON | T2CKPS1 | T2CKPS0 84
TMR2 Timer2 Module Register 83
TRISB TRISB7 | TRISB6 | TRISB5 TRISB4 TRISB3 | TRISB2 | TRISB1 | TRISBO 49
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 54
TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO 58
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the

PWM.
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=0
BAUD Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
RATE | A ctual % S\,Pa?feG Actual % SVP;L?EG Actual % S\lljjfeG Actual % S\,Pa?feG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — 300 0.16 207
1200 1202 0.16 207 1200 0.00 191 1202 0.16 103 1202 0.16 51
2400 2404 0.16 103 2400 0.00 95 2404 0.16 51 2404 0.16 25
9600 9615 0.16 25 9600 0.00 23 9615 0.16 12 — — —
10417 | 10417 0.00 23 10473 0.53 21 10417 0.00 11 10417 0.00 5
19.2k | 19.23k  0.16 12 19.2k 0.00 11 — — — — — —
57.6k — — — 57.60k  0.00 — — — — — —
115.2k — — — 115.2k  0.00 — — — — — —
SYNC =0,BRGH=0,BRG16=1
BAUD Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 MHz
RATE | A ctual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 -0.01 4166 300.0 0.00 3839 300.0 0.00 2303 299.9 -0.02 1666
1200 1200 -0.03 1041 1200 0.00 959 1200 0.00 575 1199 -0.08 416
2400 2399 -0.03 520 2400 0.00 479 2400 0.00 287 2404 0.16 207
9600 9615 0.16 129 9600 0.00 119 9600 0.00 71 9615 0.16 51
10417 | 10417 0.00 119 10378  -0.37 110 10473 0.53 65 10417 0.00 a7
19.2k | 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35 19.23k 0.16 25
57.6k | 56.818 -1.36 21 57.60k  0.00 19 57.60k  0.00 11 55556  -3.55 8
115.2k | 113.636 -1.36 10 115.2k  0.00 9 115.2k  0.00 5 — — —
SYNC =0,BRGH=0,BRG16 =1
BAUD Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
RATE Actual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % SvPal?UReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.1 0.04 832 300.0 0.00 767 299.8 -0.108 416 300.5 0.16 207
1200 1202 0.16 207 1200 0.00 191 1202 0.16 103 1202 0.16 51
2400 2404 0.16 103 2400 0.00 95 2404 0.16 51 2404 0.16 25
9600 9615 0.16 25 9600 0.00 23 9615 0.16 12 — — —
10417 | 10417 0.00 23 10473 0.53 21 10417 0.00 11 10417 0.00 5
19.2k | 19.23k  0.16 12 19.20k  0.00 11 — — — — — —
57.6k — — — 57.60k  0.00 — — — — — —
115.2k — — — 115.2k  0.00 — — — — — —
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12.3.2 AUTO-WAKE-UP ON BREAK

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper character reception cannot be
performed. The Auto-Wake-up feature allows the
controller to wake-up due to activity on the RX/DT line.
This feature is available only in Asynchronous mode.

The Auto-Wake-up feature is enabled by setting the
WUE bit of the BAUDCTL register. Once set, the normal
receive sequence on RX/DT is disabled, and the
EUSART remains in an ldle state, monitoring for a wake-
up event independent of the CPU mode. A wake-up
event consists of a high-to-low transition on the RX/DT
line. (This coincides with the start of a Sync Break or a
wake-up signal character for the LIN protocol.)

The EUSART module generates an RCIF interrupt
coincident with the wake-up event. The interrupt is
generated synchronously to the Q clocks in normal CPU
operating modes (Figure 12-7), and asynchronously if
the device is in Sleep mode (Figure 12-8). The interrupt
condition is cleared by reading the RCREG register.

The WUE bit is automatically cleared by the low-to-high
transition on the RX line at the end of the Break. This
signals to the user that the Break event is over. At this
point, the EUSART module is in Idle mode waiting to
receive the next character.

12.3.2.1 Special Considerations
Break Character

To avoid character errors or character fragments during
a wake-up event, the wake-up character must be all
zeros.

When the wake-up is enabled the function works
independent of the low time on the data stream. If the
WUE bit is set and a valid non-zero character is
received, the low time from the Start bit to the first rising
edge will be interpreted as the wake-up event. The
remaining bits in the character will be received as a
fragmented character and subsequent characters can
result in framing or overrun errors.

Therefore, the initial character in the transmission must
be all ‘0’s. This must be 10 or more bit times, 13-bit
times recommended for LIN bus, or any number of bit
times for standard RS-232 devices.

Oscillator Startup Time

Oscillator start-up time must be considered, especially
in applications using oscillators with longer start-up
intervals (i.e., LP, XT or HS/PLL mode). The Sync
Break (or wake-up signal) character must be of
sufficient length, and be followed by a sufficient
interval, to allow enough time for the selected oscillator
to start and provide proper initialization of the EUSART.

WUE Bit

The wake-up event causes a receive interrupt by
setting the RCIF bit. The WUE bit is cleared in
hardware by a rising edge on RX/DT. The interrupt
condition is then cleared in software by reading the
RCREG register and discarding its contents.

To ensure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process
before setting the WUE bit. If a receive operation is not
occurring, the WUE bit may then be set just prior to
entering the Sleep mode.

AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

10110203104 01/Q2103Q4Q102/0304Q1/Q2|Q3 Q4 Q102/Q3(Q4,01/Q2|Q3|Q4,01/Q2|Q3Q4,01/Q2|Q3|04,01]Q2|Q3|Q4,01/Q2|Q3|04,
A A A A A N N W W W AW AU AW AW AW AW AW W W AN AW A WA WA WA W W W W

| |
| I Auto Cleared l
V4 , \

1 ———

FIGURE 12-7:
osci] . . . i
' Bit set by user ! Co oo
WUE bit - . { Col v
RX/DT Line : : O
RCIF ! : -

Note 1: The EUSART remains in Idle while the WUE bit is set.

Cleared due to User Read of RCREG —’f !
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FIGURE 14-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR —
Internal POR |_|

PWRT Time-out

OST Time-out

Internal Reset

TPWRT:

~—ToST—=

PWRT Time-out

OST Time-out

Internal Reset

FIGURE 14-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2
VDD —/
MCLR —
Internal POR H

TPWRT

+<—TosT—

.

PWRT Time-out

OST Time-out

Internal Reset

TPWRT

FIGURE 14-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
VDD —/
MCLR .
Internal POR H

= TOST+

|
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FIGURE 17-1: PIC16F882/883/884/886/887 VOLTAGE-FREQUENCY GRAPH,
-40°C <TA <+125°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 17-2: HFINTOSC FREQUENCY ACCURACY OVER DEVICE Vbbb AND TEMPERATURE
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17.1

DC Characteristics: PIC16F882/883/884/886/887-I (Industrial)
PIC16F882/883/884/886/887-E (Extended)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
Pilrg\m Sym. Characteristic Min. | Typt | Max. | Units Conditions
VDD Supply Voltage 2.0 — 5.5 V |Fosc <=8 MHz: HFINTOSC, EC
D001 2.0 — 55 \% Fosc <=4 MHz
D001C 3.0 — 55 V |Fosc < =10 MHz
D001D 4.5 — 55 V Fosc < =20 MHz
D002* | VDR RAM Data Retention 15 — — V | Device in Sleep mode
Voltage®
D003 | VPOR VDD Start Voltage to — | Vss — V | See Section 14.2.1 “Power-on Reset
ensure internal Power-on (POR)” for details.
Reset signal
D004* |SvbpD VDD Rise Rate to ensure | 0.05 | — — | V/Ims | See Section 14.2.1 “Power-on Reset
internal Power-on Reset (POR)” for details.
signal
* These parameters are characterized but not tested.
T Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.

© 2006-2015 Microchip Technology Inc.
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TABLE 17-10: PIC16F882/883/884/886/887 A/D CONVERTER (ADC) CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature ~ -40°C < TA < +125°C
P;a\lrc?m Sym. Characteristic Min. Typt Max. |Units Conditions
ADO1 |[NR Resolution — — 10 bits bit
ADO2 |ELL Integral Error — — 1 LSb |VREF =5.12V
ADO3 |EpL |Differential Error — — +1 LSb [No missing codes to 10 bits
VREF = 5.12V
ADO04 |EoFF |Offset Error 0 +1.5 +3.0 LSb |VREF =5.12V
ADO7 |EGN |Gain Error — — 1 LSb |VREF =5.12V
AD06 |VRer |Reference Voltage® 2.2 — — v
ADOGA 2.7 VDD Absolute minimum to ensure 1 LSb
accuracy
ADO7 |VAIN |Full-Scale Range Vss — VREF \%
ADO08 |ZAIN |Recommended — — 10 kO
Impedance of Analog
Voltage Source
ADO9* |IREF |VREF Input Current® 10 — 1000 | pA |During VAIN acquisition.
Based on differential of VHOLD to VAIN.
— — 50 pA | During A/D conversion cycle.
* These parameters are characterized but not tested.
T Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1. Total Absolute Error includes integral, differential, offset and gain errors.
2:  The A/D conversion result never decreases with an increase in the input voltage and has no missing
codes.
3:  ADC VREF is from external VREF or VDD pin, whichever is selected as reference input.
4: When ADC is off, it will not consume any current other than leakage current. The power-down current

specification includes any such leakage from the ADC module.
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FIGURE 18-33: COMPARATOR RESPONSE TIME (FALLING EDGE)
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FIGURE 18-34: LFINTOSC FREQUENCY vs. VDb OVER TEMPERATURE (31 kHz)
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VP6 DRIFT OVER TEMPERATURE NORMALIZED AT 25°C (VDD 3V)

FIGURE 18-45:

N — o

9% Ul [eulwoN woJj abueyn

—
'

125

85

25

-40

Temperature in Degrees C

TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (3V, 25°C)

FIGURE 18-46:
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19.2

The following sections give the technical details of the packages.

Package Details

28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
N
e B e T N e Y e B e B Y i i Y e B e Y e W
NOTE 1

@ g
d
d
4
d
d
4
d
d
4
d
a

A1 —

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 .135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 .240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 1130 .150
Lead Thickness .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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44-Lead Plastic Thin Quad Flatpack (PT) - 10X10X1 mm Body, 2.00 mm Footprint [TQFP]

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

C1

JO00000000a

v- @
]

NN NN

JUBDOBOO00G—=-

L 000000000~
4—‘ Lm JL \

RECOMMENDED LAND PATTERN

SILK SCREEN

Units MILLIMETERS

Dimension Limits|  MIN__ [ NOM [ MAX
Contact Pitch E 0.80 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X44) X1 0.55
Contact Pad Length (X44) Y1 1.50
Distance Between Pads G 0.25

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2076B
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APPENDIX B: MIGRATING FROM

OTHER PIC®
DEVICES

This discusses some of the issues in migrating from
other PIC devices to the PIC16F88X Family of devices.

B.1 PIC16F87X to PIC16F88X
TABLE B-1: FEATURE COMPARISON
Feature PIC16F87X PIC16F88X
Max Operating Speed 20 MHz 20 MHz
Max Program 8192 8192
Memory (Words)
SRAM (bytes) 368 368
A/D Resolution 10-bit 10-bit
Data EEPROM (Bytes) 256 256
Timers (8/16-bit) 2/1 2/1
Oscillator Modes 4 8
Brown-out Reset Y Y (2.1V/4V)
Software Control Option N Y
of WDT/BOR
Internal Pull-ups RB<7:4> RB<7:0>,
MCLR
Interrupt-on-change RB<7:4> RB<7:0>
Comparator 2 2
References CVREF CVREF and
VP6
ECCP/CCP 0/2 11
Ultra Low-Power N Y
Wake-Up
Extended WDT N Y
INTOSC Frequencies N 32 kHz-8 MHz
Clock Switching N Y
MSSP Standard w/Slave
Address Mask
USART AUSART EUSART
ADC Channels 8 14
Note:  This device has been designed to perform

to the parameters of its data sheet. It has
been tested to an electrical specification
designed to determine its conformance
with these parameters. Due to process
differences in the manufacture of this
device, this device may have different
performance characteristics than its earlier
version. These differences may cause this
device to perform differently in your
application than the earlier version of this
device.
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