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PIC16F882/883/884/886/887

TABLE 2 28-PIN QFN ALLOCATION TABLE (PIC16F882/883/886)
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RAO | 27 [|ANO/ULPWU| C12INO- = = = = = = =
RAL | 28 AN1 C12IN1- — — — — — — —
RA2 1 AN2 C2IN+ — — — — — — VREF-/CVREF
RA3 | 2 AN3 C1IN+ — — — — — — VREF+
RA4 | 3 = ciouT TOCKI = = = = = =
RA5 | 4 AN4 c20uT — — — ss — — —
RA6 | 7 — — = = — = = — |osc2/cLKouT
RA7 | 6 — — — — — — — — OSC1/CLKIN
RBO | 18 AN12 — = — = — IOC/NT | Y =
RB1 | 19 AN10 C12IN3- — P1C — — l10C Y —
RB2 | 20 ANS = = P1B = = loC Y =
RB3 | 21 AN9 C12IN2- — — — — 10C Y PGM
RB4 | 22 AN11 — = P1D = — l1oC Y =
RB5 | 23 AN13 — T1G — — — I0C Y —
RB6 | 24 — — = — = — l1oC Y ICSPCLK
RB7 | 25 — — — — — — lIoC Y ICSPDAT
RCO | 8 = = T10SO/T1CKI = = = = = =
RC1| 9 — — T10S! CCP2 — — — — —
RC2 | 10 — — = CCPLPIA| — — — = =
RC3| 11 — — — — — |sckiscL| — — —
RC4 | 12 — — = — — |spbuspA| — = =
RC5 | 13 — — — — — SDO — — —
RC6 | 14 = = = = TX/CK = = = =
RC7 | 15 — — — — RX/DT — — — —
RE3 | 26 = = = = — = = y® MCLR/VPP
— 17 — — — — — — — — VDD
— 5 — — — — — — — — Vss
— | 16 — — — — — — — — Vss

Note 1: Pull-up activated only with external MCLR configuration.
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PIC16F882/883/884/886/887

TABLE 1-1: PIC16F882/883/886 PINOUT DESCRIPTION

Name Function I_r;yppu; O_?;g:t Description
RAO/ANO/ULPWU/C12INO- RAO TTL CMOS | General purpose /0.
ANO AN — A/D Channel 0 input.
ULPWU AN — Ultra Low-Power Wake-up input.
C12INO- AN — Comparator C1 or C2 negative input.
RA1/AN1/C12IN1- RA1 TTL CMOS | General purpose /0.
AN1 AN — A/D Channel 1 input.
C12IN1- AN — Comparator C1 or C2 negative input.
RA2/AN2/VREF-/CVREF/C2IN+ RA2 TTL CMOS | General purpose /0.
AN2 AN — A/D Channel 2.
VREF- AN — A/D Negative Voltage Reference input.
CVREF — AN Comparator Voltage Reference output.
C2IN+ AN — Comparator C2 positive input.
RA3/AN3/VREF+/CLIN+ RA3 TTL — General purpose 1/0.
AN3 AN — A/D Channel 3.
VREF+ AN — Programming voltage.
C1IN+ AN — Comparator C1 positive input.
RA4/TOCKI/C10UT RA4 TTL CMOS | General purpose /0.
TOCKI ST — Timer0 clock input.
C1louT — CMOS | Comparator C1 output.
RA5/AN4/SS/C20UT RA5 TTL CMOS | General purpose /0.
AN4 AN — A/D Channel 4.
SsS ST — | Slave Select input.
C20UT — CMOS | Comparator C2 output.
RA6/0SC2/CLKOUT RA6 TTL CMOS | General purpose /0.
OSsC2 — XTAL | Master Clear with internal pull-up.
CLKOUT — CMOS | Fosc/4 output.
RA7/0OSC1/CLKIN RA7 TTL CMOS | General purpose /0.
0OSC1 XTAL — Crystal/Resonator.
CLKIN ST — External clock input/RC oscillator connection.
RBO/AN12/INT RBO TTL CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN12 AN — A/D Channel 12.
INT ST — External interrupt.
RB1/AN10/P1C/C12IN3- RB1 TTL CMOS | General purpose I/0O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN10 AN — A/D Channel 10.
P1C — CMOS | PWM output.
C12IN3- AN — Comparator C1 or C2 negative input.
RB2/AN8/P1B RB2 TTL CMOS | General purpose I/0O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ANS8 AN — A/D Channel 8.
P1B — CMOS | PWM output.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels
HV = High Voltage XTAL = Crystal
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FIGURE 2-4: PIC16F882 SPECIAL FUNCTION REGISTERS
File File File File
Address Address Address Address
Indirect addr. @ 00h Indirect addr. @ 80h Indirect addr. @ 100h Indirect addr. @ 180h
TMRO 01h OPTION_REG 81h TMRO 101h OPTION_REG 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h CM1CONO 107h BAUDCTL 187h
08h 88h CM2CONO 108h ANSEL 188h
PORTE 09h TRISE 89h CM2CON1 109h ANSELH 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDAT 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2(D 18Dh
TMR1L OEh PCON 8Eh EEDATH 10Eh Reserved 18Eh
TMR1H OFh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
T1CON 10h OSCTUNE 90h 110h 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPR1L 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h 116h 196h
CCP1CON 17h VRCON 97h 117h 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 119h 199h
RCREG 1Ah SPBRGH 9Ah 11Ah 19Ah
CCPR2L 1Bh PWM1CON 9Bh 11Bh 19Bh
CCPR2H 1Ch ECCPAS 9Ch 11Ch 19Ch
CCP2CON 1Dh PSTRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h General AOh 120h 1A0h
Purpose
Registers
gfrr;irsa; 32 Bytes BFh
Registers Coh
96 Bytes
EFh 16Fh 1EFh
accesses FOh accesses 170h accesses 1FOh
7Eh 70h-7Fh FEh 70h-7Fh 17Fh 70h-7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

[0 unimplemented data memory locations, read as ‘0’.
Note 1: Not a physical register.
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FIGURE 8-2: COMPARATOR C1 SIMPLIFIED BLOCK DIAGRAM
C1CH<1:0> oL
To
D Q ﬁ Data Bus
C12INo EN RD_CM1CONO
ClZINl—lE—
ﬂD Set C1IF
c12iN2- [} b Q 7
Q3*RD_CMICONO| _
C12IN3-|X|_ cL To PWM Logic

c1oN® Reset

C1VIN-

Forpy C10UT
C1vint|, D

FixedRef C1OUT (to SR Latch)

C1POL

CVREF C1VREF

C1RSEL

Note 1: When C1ON = 0, the C1 comparator will produce a ‘0’ output to the XOR Gate.
2: Q1 and Q3 are phases of the four-phase system clock (FOSC).
3:  Q1is held high during Sleep mode.

FIGURE 8-3: COMPARATOR C2 SIMPLIFIED BLOCK DIAGRAM
C2POL
4} To
D Q 7 Data Bus
Q1 |-y
RD_CM2CONO
C2CH<1:0>
H Set C2IF
D Q /) >
Q3*RD_CM2CONO
C12INO- c20N® E’\(‘:L
C12IN1- Reset |
C12IN2- C2VIN+ +C2 —— ¢ j : C20UT
C12IN3- C2SYNC
C2R c2PoL 0 SYNCC20UT
MUX
D Q 1// To Timerl Gate, SR Latch,
From Timer PWM Logic, and other
FixedRef Clock peripherals

CVREF | C2VREF

C2RSEL

Note 1: When C20N = 0, the C2 comparator will produce a ‘0’ output to the XOR Gate.
2: Q1 and Q3 are phases of the four-phase system clock (FOSC).
3:  Q1lis held high during Sleep mode.
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8.9

The SR latch module provides additional control of the
comparator outputs. The module consists of a single
SR latch and output multiplexers. The SR latch can be
set, reset or toggled by the comparator outputs. The SR
latch may also be set or reset, independent of
comparator output, by control bits in the SRCON control
register. The SR latch output multiplexers select
whether the latch outputs or the comparator outputs are
directed to the 1/O port logic for eventual output to a pin.

Comparator SR Latch

8.9.1 LATCH OPERATION

The latch is a Set-Reset latch that does not depend on a
clock source. Each of the Set and Reset inputs are
active-high. Each latch input is connected to a
comparator output and a software controlled pulse
generator. The latch can be set by C1OUT or the PULSS
bit of the SRCON register. The latch can be reset by
C20UT or the PULSR bit of the SRCON register. The
latch is reset-dominant, therefore, if both Set and Reset
inputs are high the latch will go to the Reset state. Both
the PULSS and PULSR bhits are self resetting which
means that a single write to either of the bits is all that is
necessary to complete a latch set or Reset operation.

8.9.2 LATCH OUTPUT

The SR<1:0> bits of the SRCON register control the
latch output multiplexers and determine four possible
output configurations. In these four configurations, the
CxOUT /O port logic is connected to:

¢ C1OUT and C20UT

« C10UT and SR latch Q
« C20UT and SR latch Q
SR latch Q and Q

After any Reset, the default output configuration is the
unlatched C10UT and C20UT mode. This maintains
compatibility with devices that do not have the SR latch
feature.

The applicable TRIS bits of the corresponding ports
must be cleared to enable the port pin output drivers.
Additionally, the CxOE comparator output enable bits of
the CMxCONQO registers must be set in order to make the
comparator or latch outputs available on the output pins.
The latch configuration enable states are completely
independent of the enable states for the comparators.

FIGURE 8-7: SR LATCH SIMPLIFIED BLOCK DIAGRAM
SRO
C10E
PULSS Pulse |
| Gen® | 0 |
C10UT (from comparator) MUX ' Eﬂ
ﬁ s Q 1 C10UT pin®
C1SEN
SR W
Latch C20E
SYNCC20OUT (from comparator) |
—T1 ) —J>1r 3 ) l
C2REN MUX
0 C20UT pin®
PULSR Pulse
G SR1
Note 1. IfR=1andS =1 simultaneously, Q =0, 6 =1
2.  Pulse generator causes a 1/2 Q-state (1 Tosc) pulse width.
3:  Output shown for reference only. See I/O port pin block diagram for more detail.

© 2006-2015 Microchip Technology Inc.
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8.10 Comparator Voltage Reference

The comparator voltage reference module provides an
internally generated voltage reference for the
comparators. The following features are available:

* Independent from Comparator operation
» Two 16-level voltage ranges

* Qutput clamped to Vss

» Ratiometric with VDD

» Fixed Reference (0.6V)

The VRCON register (Register 8-5) controls the
voltage reference module shown in Figure 8-8.

The voltage source is selectable through both ends of
the 16 connection resistor ladder network. Bit VRSS of
the VRCON register selects either the internal or
external voltage source.

The PIC16F882/883/884/886/887 allows the CVREF
signal to be output to the RA2 pin of PORTA under
certain configurations only. For more details, see
Figure 8-9.

8.10.1 INDEPENDENT OPERATION

The comparator voltage reference is independent of
the comparator configuration. Setting the VREN bit of
the VRCON register will enable the voltage reference.

8.10.2 OUTPUT VOLTAGE SELECTION

The CVREF voltage reference has two ranges with 16
voltage levels in each range. Range selection is
controlled by the VRR bit of the VRCON register. The
16 levels are set with the VR<3:0> bits of the VRCON
register.

The CVREF output voltage is determined by the following
equations:

EQUATION 8-1: CVREr OUTPUT VOLTAGE

VRR = 1 (low range):
CVREF = (VR<3:0>/24) x VLADDER

VRR = 0 (high range):
CVREF = (VLADDER/4) + (VR<3:0> x VLADDER/32)

VLADDER = VDD or ([VREF+] - [VREF-]) or VREF+

The full range of Vss to VDD cannot be realized due to
the construction of the module. See Figure 8-8.

8.10.3 OUTPUT CLAMPED TO Vss

The CVREF output voltage can be set to Vss with no
power consumption by clearing the FVREN bit of the
VRCON register.

This allows the comparator to detect a zero-crossing
while not consuming additional CVREF module current.

Note:  Depending on the application, additional
components may be required for a zero
cross circuit. Reference TB3013, “Using
the ESD Parasitic Diodes on Mixed Signal
Microcontrollers” (DS93013), for more

information.

8.10.4 OUTPUT RATIOMETRIC TO VDD

The comparator voltage reference is Vbp derived and
therefore, the CVREF output changes with fluctuations in
Vop. The tested absolute accuracy of the Comparator
Voltage Reference can be found in Section 17.0
“Electrical Specifications”.

8.10.5 FIXED VOLTAGE REFERENCE

The Fixed Voltage Reference is independent of VDD,
with a nominal output voltage of 0.6V. This reference
can be enabled by setting the FVREN bit of the
SRCON register to ‘1. This reference is always
enabled when the HFINTOSC oscillator is active.

8.10.6 FIXED VOLTAGE REFERENCE
STABILIZATION PERIOD

When the Fixed Voltage Reference module is enabled,
it will require some time for the reference and its
amplifier circuits to stabilize. The user program must
include a small delay routine to allow the module to
settle. See Section 17.0 “Electrical Specifications”
for the minimum delay requirement.

8.10.7 VOLTAGE REFERENCE
SELECTION

Multiplexers on the output of the voltage reference
module enable selection of either the CVREF or Fixed
Voltage Reference for use by the comparators.

Setting the C1RSEL bit of the CM2CONL1 register
enables current to flow in the CVREF voltage divider
and selects the CVREF voltage for use by C1. Clearing
the C1RSEL hit selects the fixed voltage for use by C1.

Setting the C2RSEL bit of the CM2CONL1 register
enables current to flow in the CVREF voltage divider
and selects the CVREF voltage for use by C2. Clearing
the C2RSEL hit selects the fixed voltage for use by C2.

When both the C1IRSEL and C2RSEL bits are cleared,
current flow in the CVREF voltage divider is disabled
minimizing the power drain of the voltage reference
peripheral.

© 2006-2015 Microchip Technology Inc.
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10.1.2 READING THE DATA EEPROM
MEMORY

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD
control bit of the EECONL1 register, and then set control
bit RD. The data is available at the very next cycle, in
the EEDAT register; therefore, it can be read in the next
instruction. EEDAT will hold this value until another
read or until it is written to by the user (during a write
operation).

EXAMPLE 10-1: DATA EEPROM READ

BANKSEL EEADR
MOVLW  DATA EE_ADDR
MOWAE  EEADR

; Data Menory

; Address to read
BANKSEL EECON1 ;

BCF EECON1, EEPGCD ; Point to DATA menory

BSF EECON1, RD ; EE Read
BANKSEL EEDAT ;

MOVF EEDAT, W ; W= EEDAT
BCF STATUS, RP1 ; Bank 0

EXAMPLE 10-2: DATA EEPROM WRITE

10.1.3 WRITING TO THE DATA EEPROM
MEMORY

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDAT register. Then the user must follow a
specific sequence to initiate the write for each byte.

The write will not initiate if the above sequence is not
followed exactly (write 55h to EECON2, write AAh to
EECON2, then set WR bit) for each byte. Interrupts
should be disabled during this code segment.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. EEIF must be
cleared by software.

BANKSEL EEADR :
MOVLW  DATA EE ADDR ;
MOWFE  EEADR
MOVLW  DATA_EE DATA
MOWFE  EEDAT
BANKSEL EECONL :

; Data Menory Address to wite

;Data Menory Value to wite

BCF EECON1, EEPGD ; Point to DATA nenory
BSF EECON1, WREN ; Enable writes
BCF INTCON, G E ; Di sabl e | NTs.
BTFSC INTCON, G E ; SEE AN576
GOoro $-2
MOVLW  55h ;
g§ MOVWF EECON2 ;Wite 55h
S8 MWW  AAh ;
& § MOVWF EECON2 ; Wite AAh
BSF EECON1, WR ;Set WR bit to begin wite
BSF INTCON, G E ; Enabl e | NTs.
SLEEP VWAt for interrupt to signal wite conplete
BCF EECON1, WREN ;Disable wites
BCF STATUS, RPO ; Bank 0
BCF STATUS, RP1

© 2006-2015 Microchip Technology Inc.
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1154 OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the CCPx
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMR2 will continue from its
previous state.

11.5.5 CHANGES IN SYSTEM CLOCK
FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency. See
Section 4.0 “Oscillator Module (With Fail-Safe
Clock Monitor)” for additional details.

11.5.6 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

11.5.7 SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the CCP module for PWM operation:

1. Disable the PWM pin (CCPx) output drivers as
an input by setting the associated TRIS bit.

2. Setthe PWM period by loading the PR2 register.

3. Configure the CCP module for the PWM mode
by loading the CCPxCON register with the
appropriate values.

4. Set the PWM duty cycle by loading the CCPRxL
register and DCxB<1:0> bits of the CCPxCON
register.

5. Configure and start Timer2:

» Clear the TMR2IF interrupt flag bit of the
PIR1 register.

» Set the Timer2 prescale value by loading the
T2CKPS bits of the T2CON register.

» Enable Timer2 by setting the TMR20ON bit of
the T2CON register.

6. Enable PWM output after a new PWM cycle has
started:

» Wait until Timer2 overflows (TMR2IF bit of
the PIR1 register is set).

» Enable the CCPx pin output driver by clearing
the associated TRIS bit.

© 2006-2015 Microchip Technology Inc.
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11.6.7 PULSE STEERING MODE

In Single Output mode, pulse steering allows any of the
PWM pins to be the modulated signal. Additionally, the
same PWM signal can be simultaneously available on
multiple pins.

Once the Single Output mode is selected
(CCP1M<3:2>=11 and P1M<1:0>=00 of the
CCP1CON register), the user firmware can bring out
the same PWM signal to one, two, three or four output
pins by setting the appropriate STR<D:A> bits of the
PSTRCON register, as shown in Table 11-5.

Note:  The associated TRIS bits must be set to
output (‘0’) to enable the pin output driver
in order to see the PWM signal on the pin.

While the PWM Steering mode is active, CCP1M<1:0>
bits of the CCP1CON register select the PWM output
polarity for the P1<D:A> pins.

The PWM auto-shutdown operation also applies to
PWM Steering mode as described in Section 11.6.4
“Enhanced PWM Auto-Shutdown Mode”. An auto-
shutdown event will only affect pins that have PWM
outputs enabled.

REGISTER DEFINITIONS: PULSE STEERING CONTROL
REGISTER 11-5: PSTRCON: PULSE STEERING CONTROL REGISTER®

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1
— | — | — | strRsyNc| sTRD | STRC | STRB STRA

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 7-5 Unimplemented: Read as ‘0’

bit 4 STRSYNC: Steering Sync bit

1 = Qutput steering update occurs on next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary

bit 3 STRD: Steering Enable bit D

1 = P1D pin has the PWM waveform with polarity control from CCPxM<1:0>

0 = P1D pin is assigned to port pin
bit 2 STRC: Steering Enable bit C

1 = P1C pin has the PWM waveform with polarity control from CCPxM<1:0>

0 = P1C pin is assigned to port pin
bit 1 STRB: Steering Enable bit B

1 = P1B pin has the PWM waveform with polarity control from CCPxM<1:0>

0 = P1B pin is assigned to port pin
bit 0 STRA: Steering Enable bit A

1 = P1A pin has the PWM waveform with polarity control from CCPxM<1:0>

0 = P1A pin is assigned to port pin

Note 1. The PWM Steering mode is available only when the CCP1CON register bits CCP1M<3:2> =11 and

P1M<1:0> =00.

DS40001291H-page 144
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0,BRGH =0, BRG16 =0
BAUD Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 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 — — — — — — — — — — — —
1200 1221 1.73 255 1200 0.00 239 1200 0.00 143 1202 0.16 103
2400 2404 0.16 129 2400 0.00 119 2400 0.00 71 2404 0.16 51
9600 9470 -1.36 32 9600 0.00 29 9600 0.00 17 9615 0.16 12
10417 | 10417 0.00 29 10286  -1.26 27 10165 -2.42 16 10417 0.00 11
19.2k | 19.53k  1.73 15 19.20k  0.00 14 19.20k  0.00 — — —
57.6k — — — 57.60k  0.00 7 57.60k  0.00 — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =0, BRG16 =0
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 0.16 207 300 0.00 191 300 0.16 103 300 0.16 51
1200 1202 0.16 51 1200 0.00 47 1202 0.16 25 1202 0.16 12
2400 2404 0.16 25 2400 0.00 23 2404 0.16 12 — — —
9600 — — — 9600 0.00 5 — — — — — —
10417 | 10417 0.00 5 — — — 10417 0.00 2 — — —
19.2k — — — 19.20k  0.00 2 — — — — — —
57.6k — — — 57.60k  0.00 0 — — — — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =1,BRG16 =0
BAUD Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz Fosc = 8.000 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 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — 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 19231 0.16 25
57.6k | 56.82k -1.36 21 57.60k  0.00 19 57.60k  0.00 11 55556  -3.55 8
115.2k | 113.64k -1.36 10 115.2k  0.00 9 115.2k  0.00 5 — — —
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FIGURE 12-8:

AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

1Q1/Q2|Q3|Q4,Q1iQ2/Q3|Q4,Q1/Q2|Q3|Q4, Q1

1Q21Q3]Q4,Q1/Q2|Q3|Q4,01/Q2/03]Q4,01|Q2|Q3]Q4,01Q2|Q3|Q4,

(NG RWAWAWAWAWAWAWRNRWAWAWRY,
. Bit Set by User N

Auto. Cleared

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

N : : : L R :
WUE bit; ; / . . L ! ) . .
RXIDT Line: : : : : : (277777775 igte 1 : :
RCIF, ' X ' : — : |
. . . Cleared due to User Read of RCREG —A
Sleep Command Executed Sleep Ends
Note 1: If the wake-up event requires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the st posc signal is

still active. This sequence should not depend on the presence of Q clocks.

12.3.3 BREAK CHARACTER SEQUENCE

The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. A Break character consists of a
Start bit, followed by 12 ‘0’ bits and a Stop bit.

To send a Break character, set the SENDB and TXEN
bits of the TXSTA register. The Break character trans-
mission is then initiated by a write to the TXREG. The
value of data written to TXREG will be ignored and all
‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).

The TRMT bit of the TXSTA register indicates when the
transmit operation is active or Idle, just as it does during

normal transmission. See Figure 12-9 for the timing of
the Break character sequence.

12.3.3.1

The following sequence will start a message frame
header made up of a Break, followed by an auto-baud
Sync byte. This sequence is typical of a LIN bus
master.

1. Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to enable the
Break sequence.

3. Load the TXREG with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘65h’ to TXREG to load the Sync character
into the transmit FIFO bulffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware and the Sync character is
then transmitted.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

Break and Sync Transmit Sequence

12.3.4 RECEIVING A BREAK CHARACTER

The Enhanced EUSART module can receive a Break
character in two ways.

The first method to detect a Break character uses the
FERR bit of the RCSTA register and the Received data
as indicated by RCREG. The Baud Rate Generator is
assumed to have been initialized to the expected baud
rate.

A Break character has been received when;

* RCIF bit is set
* FERR bit is set
* RCREG =00h

The second method uses the Auto-Wake-up feature
described in Section 12.3.2 “Auto-Wake-up on
Break”. By enabling this feature, the EUSART will
sample the next two transitions on RX/DT, cause an
RCIF interrupt, and receive the next data byte followed
by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Detect feature.
For both methods, the user can set the ABDEN bit of
the BAUDCTL register before placing the EUSART in
Sleep mode.
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REGISTER 13-1: SSPSTAT: SSP STATUS REGISTER

R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
CKE D/A P S RIW UA BF
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

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SMP: Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode

In 12C Master or Slave mode:

1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)
CKE: SPI Clock Edge Select bit

CKP =o0:

1 = Data transmitted on falling edge of SCK

0 = Data transmitted on rising edge of SCK

CKP =1:

1 = Data transmitted on rising edge of SCK

0 = Data transmitted on falling edge of SCK

D/A: Data/Address bit (IC mode only)

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address

P: Stop bit

(12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Stop bit has been detected last (this bit is ‘0’ on Reset)

0 = Stop bit was not detected last

S: Start bit

(12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)

1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last

R/W: Read/Write bit information (I2C mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from the address match to
the next Start bit, Stop bit, or not ACK bit.
In 1°C Slave mode:
1= Read
0= Write
In 12C Master mode:
1= Transmitis in progress
0 = Transmit is not in progress
OR-ing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in Idle mode.

UA: Update Address bit (10-bit I2C mode only)

1 = Indicates that the user needs to update the address in the SSPADD register

0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and 12C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit (12C mode only): -

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and Stop bits), SSPBUF is empty
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14.2.5 TIME-OUT SEQUENCE

On power-up, the time-out sequence is as follows: first,
PWRT time-out is invoked after POR has expired, then
OST is activated after the PWRT time-out has expired.
The total time-out will vary based on oscillator
configuration and PWRTE bit status. For example, in
EC mode with PWRTE bit erased (PWRT disabled),
there will be no time-out at all. Figures 14-4, 14-5
and 14-6 depict time-out sequences. The device can
execute code from the INTOSC while OST is active by
enabling Two-Speed Start-up or Fail-Safe Monitor (see
Section 4.7.2 “Two-Speed Start-up Sequence” and
Section 4.8 “Fail-Safe Clock Monitor”).

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then,
bringing MCLR high will begin execution immediately
(see Figure 14-5). This is useful for testing purposes or
to synchronize more than one
PIC16F882/883/884/886/887 device operating in par-
allel.

14.2.6 POWER CONTROL (PCON)

REGISTER

The Power Control register PCON (address 8Eh) has
two Status bits to indicate what type of Reset that last
occurred.

Bit 0 is BOR (Brown-out Reset). BOR is unknown on
Power-on Reset. It must then be set by the user and
checked on subsequent Resets to see if BOR = 0,
indicating that a brown-out has occurred. The BOR
Status bit is a “don’t care” and is not necessarily

predictable if the brown-out circuit is disabled
(BOREN<1:0> =00 in the Configuration Word
Register 1).

Bit 1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘L’ to this bit following a Power-on Reset. On a
subsequent Reset, if POR is ‘0’, it will indicate that a
Power-on Reset has occurred (i.e., VDD may have
gone too low).

Tablg 14-5 .shows the Reset conditions for some Eg:/v-;)nc?vrveer |nf0:/rvn:1|:|6(3)_rllj,p"see aﬁgcnonssgzztilin Jlgj
special registers, while Table 14-4 shows the Reset " "
conditions for all the registers. Brown-out Reset (BOR)".
TABLE 14-1: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration Power-up Brown-out Reset Wake-up from
PWRTE =0 PWRTE =1 PWRTE =0 PWRTE =1 Sleep
XT, HS, LP TPWRT + 1024 « Tosc TPWRT + 1024 « Tosc 1024 « Tosc
1024 « Tosc 1024 « Tosc
LP, TIOSCIN=1 TPWRT — TPWRT — —
RC, EC, INTOSC TPWRT — TPWRT — —
TABLE 14-2: STATUS/PCON BITS AND THEIR SIGNIFICANCE
POR BOR TO PD Condition

0 X 1 1 Power-on Reset

u 0 1 1 Brown-out Reset

u u 0 u WDT Reset

u u 0 0 WDT Wake-up

u u u u MCLR Reset during normal operation

u u 1 0 MCLR Reset during Sleep
Legend: u =unchanged, x = unknown
TABLE 14-3: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT

Name Bit7 | Bit6 Bit 5 Bit 4 Bit3 | Bit2 | Bit1 | Bito | egisteron

Page

PCON — — | ULPWUE | SBOREN — — POR BOR 37
STATUS IRP RP1 RPO TO PD z DC C 30
Legend: u =unchanged, x = unknown, —= unimplemented bit, reads as ‘0’, q = value depends on condition.

Note 1:

Shaded cells are not used by BOR.
Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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17.2 DC Characteristics: PIC16F882/883/884/886/887-1 (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
Conditions
Pilram Device Characteristics | Min. | Typt | Max. | Units
0. VDD Note
D010 |Supply Current (Ipp)-2) | — 13 19 A 2.0 |Fosc=32kHz
_ 22 30 A 30 |LP Oscillator mode
— 33 60 pA 5.0
DO11* — 180 250 nA 2.0 |Fosc=1MHz
_ 290 400 A 30 |XT Oscillator mode
— 490 650 pA 5.0
D012 — 280 380 pA 2.0 |Fosc=4MHz
_ 480 670 pA 3.0 |XT Oscillator mode
— 0.9 1.4 mA 5.0
D013* — 170 295 nA 2.0 |Fosc=1MHz
_ 280 480 nA 30 |EC Oscillator mode
— 470 690 pA 5.0
D014 — 290 450 nA 2.0 |Fosc=4MHz
_ 490 720 nA 30 |EC Oscillator mode
— 0.85 1.3 mA 5.0
D015 — 8 20 pA 2.0 |Fosc=31kHz
_ 16 40 pA 3.0 LFINTOSC mode
— 31 65 pA 5.0
D016* — 416 520 nA 2.0 |Fosc=4MHz
_ 640 840 pA 3.0 HFINTOSC mode
— 1.13 1.6 mA 5.0
D017 — 0.65 0.9 mA 2.0 |Fosc =8 MHz
_ 1.01 1.3 mA 3.0 HFINTOSC mode
— 1.86 2.3 mA 5.0
D018 — 340 580 nA 2.0 |Fosc=4MHz
— | 550 | 900 | pA 30 |EXTRC mode®
— 0.92 1.4 mA 5.0
D019 — 3.8 4.7 mA 45 |Fosc =20 MHz
_ 4.0 4.8 mA 50 |HS Oscillator mode
* 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. The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave,
from rail-to-rail; all I/O pins tri-stated, pulled to Vbb; MCLR = VVDD; WDT disabled.

2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can

be extended by the formula IR = VDD/2REXT (MmA) with REXT in kQ.
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TABLE 17-19: DC CHARACTERISTICS FOR Ipb SPECIFICATIONS FOR PIC16F886/7-H (High
Temp.)
; Condition
P;a\lram ch De\t/lcg i Min. Typ. Max. | Units
0. aracteristics VDD Note
D001 |VDD 2.1 — 55 \% — Fosc <8 MHz: HFINTOSC, EC
2.1 — 5.5 \Y — Fosc < 4 MHz
TABLE 17-20: DC CHARACTERISTICS FOR Ipb SPECIFICATIONS FOR PIC16F886/7-H (High
Temp.)
; Condition
Param DeV|c_e . Units | Min. Typ. Max.
No. Characteristics VDD Note
D020E |Power Down Base — — 27 2.1 IPD Base: WDT, BOR,
Current (IPD) — — 29 pA 3.0 Comparators, VREF and
_ _ 32 50 Tlosc disabled
DO21E — — 55 21
— — 59 pA 3.0 WDT Current
— — 69 5.0
D022E — — 75 3.0
pA BOR Current
— — 147 5.0
DO023E — — 73 2.1
— — 17 uA 3.0 Comparator current, both
comparators enabled
— — 235 5.0
D024E — — 102 2.1
— — 128 pA 3.0 CVREF current, high range
— — 170 5.0
DO024AE — — 133 2.1
— — 167 pA 3.0 CVREF current, low range
— — 222 5.0
DO25E — — 36 2.1
— — 41 pA 3.0 T1osc current, 32 kHz
— — 47 5.0
DO26E — — 22 A 3.0 Analog-to-Digital current,
_ _ 24 H 50 no conversion in progress
D027E — — 189 A 3.0 VP6 current (Fixed Voltage
— — 250 H 5.0 Reference)
TABLE 17-21: LEAKAGE CURRENT SPECIFICATIONS FOR PIC16F886/7-H (High Temp.)
P;a\lr:m Sym. Characteristic Min. Typ. Max. | Units Conditions
D061 |l Input Leakage Current?) — +0.5 +5.0 HA |Vss <VPIN < VDD
(RA3/MCLR)
D062 |IiL Input Leakage Current® 50 250 400 PA |VDD=5.0V
(RA3/MCLR)
Note 1: This specification applies when RA3/MCLR is configured as an input with the pull-up disabled. The
leakage current for the RA3/MCLR pin is higher than for the standard I/O port pins.
2: This specification applies when RA3/MCLR is configured as the MCLR reset pin function with the weak

pull-up enabled.
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19.1 Package Marking Information (Continued)

44-Lead TQFP (10x10x1 mm) Example
oaonnunanm aouoonnnon
5 B E = B E
E MicrocHIP E E MicrRocHIP E
= XXXXXXXXXX =5 = PIC16F887 =
= XXXXXXXXXX = o -I/PT €3 =
= XXXXXXXXXX = = —
=4O YYWWNNN & o 1231220 B
quttoutiott uttootooot
Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code

@ Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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28-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note:

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

http://www.microchip.com/packaging
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NOTE 5
TOP VIEW
A
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A f \ NX
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A2 |
Al — SIDE VIEW A
— |<— h 3 —
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SEE VIEW C
VIEW A-A
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40-Lead Plastic Dual In-Line (P) — 600 mil Body [PDIP]

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

N

e e Y o s Y Yt e e Yt Y e e Y Yt Y e e Yt Y e e Y e o

NOTE 1

|8 [ N O [y O [ [ O [y U [y P R [y Oy O [ [ A O [y N [ A |

E
I —
| |
L —|| - C
—~——¢eB ——‘
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 40
Pitch e .100 BSC
Top to Seating Plane A - - .250
Molded Package Thickness A2 125 - .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .590 - .625
Molded Package Width E1 485 - .580
Overall Length D 1.980 - 2.095
Tip to Seating Plane L 115 - .200
Lead Thickness c .008 - .015
Upper Lead Width b1 .030 - .070
Lower Lead Width b .014 - .023
Overall Row Spacing § eB - - .700

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
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 C04-016B
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44-L ead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
c1 '
w2 ‘
I I
ol U00000004
- _[ E
1 1
1 1
1 1
Cc2 1 ] — G
1 [ D
T2 ] .
1 1
1 1
1 1 Y1
- =
—-F0000000000
o l—
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits] MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 6.60
Optional Center Pad Length T2 6.60
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.85
Distance Between Pads G 0.25
Notes:

1. Dimensioning and tolerancing per ASME Y 14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2103B
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44-Lead Plastic Thin Quad Flatpack (PT) - 10x10x1.0 mm Body [TQFP]

Note:

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