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PIC16F882/883/884/886/887

TABLE 1 28-PIN PDIP, SOIC, SSOP ALLOCATION TABLE (PIC16F882/883/886)
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RAO | 2 [ANOULPWU| cC12INO- = = = = = =
RAL| 3 AN1 C12IN1- — — — — — — —
RA2 4 AN2 C2IN+ — — — — — — VREF-/CVREF
RA3| 5 AN3 C1IN+ — — — — — — VREF+
RA4 | 6 = ciouT TOCKI = = = = = =
RA5 | 7 AN4 Cc20UT — — — sSs — — —
RA6 | 10 — — — = — = = — |osc2/cLKouT
RA7 | 9 — — — — — — — — OSC1/CLKIN
RBO | 21 AN12 = = = = = IOC/NT | Y =
RB1 | 22 AN10 C12IN3- — P1C — — l10C Y —
RB2 | 23 ANS = = P1B = = loC Y =
RB3 | 24 AN9 C12IN2- — — — — 10C Y PGM
RB4 | 25 AN11 — = P1D = — l1oC Y —
RB5 | 26 AN13 — T1G — — — I0C Y —
RB6 | 27 = = = = = = loC Y ICSPCLK
RB7 | 28 — — — — — — loC Y ICSPDAT
RCO | 11 = = T10SO/T1CKI = = = = = =
RC1| 12 — — T10S! ccP2 — — — — —
RC2 | 13 — — = CCPLPIA| — — — = =
RC3 | 14 — — — — — |sckiscL| — — —
RC4 | 15 = = = = — |spbuspA| — = =
RC5 | 16 — — — — — SDO — — —
RC6 | 17 = = = = TX/CK = = = =
RC7 | 18 — — — — RX/DT — — — —
RE3 | 1 = = = — = = = y® MCLR/VPP
— 20 — — — — — — — — VDD
— | s = = = = = = = = Vss
— | 19 — — — — — — — — Vss

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

Pin Diagrams — PIC16F884/887, 44-Pin QFN

RC7/RX/IDT
RD4

RD5/P1B
RD6/P1C
RD7/P1D

Vss

VDD

VDD
RBO/AN12/INT
RB1/AN10/C12IN3-
RB2/AN8

PPRPOO~NOUOILRAWNE

O 44| RC6/TX/CK
43| RC5/SDO

42 | RC4/SDI/SDA

41| RD3
40| RD2
39| RD1
38| RDO

37| RC3/SCK/SCL
36| RC2/P1A/CCP1
35| RC1/T10SCIl/CCP2
34| RCO/T1OSO/T1CKI

33
32
31
30

29
PIC16F884/887 28

NN NN
WHhO1O

NC (13
RB4/AN11 (14

RB3/AN9/PGM/CI2IN2- |12 ©

RB5/AN13/T1G |15

RE3/MCLR/VpP |18

RB7/ICSPDAT |17
RAO/ANO/ULPWU/C12INO- |19

RB6/ICSPCLK |16
RA1/AN1/C12IN1- |20

RA2/AN2/VREF-/CVREF/C2IN+ |21
RA3/AN3//VREF+/C1IN+ |22

RAB/0SC2/CLKOUT
RA7/OSC1/CLKIN
Vss

Vss

NC

VDD

RE2/AN7

RE1/ANG

REO/AN5
RA5/AN4/SS/C20UT
RA4/TOCKI/C10UT
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PIC16F882/883/884/886/887

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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3.5.1 RCO/T10SO/T1CKI

Figure 3-11 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

» a Timerl oscillator output

» a Timerl clock input

FIGURE 3-11: BLOCK DIAGRAM OF RCO
Circuit
D 0 Voo
WR | L CK =
porRTC] P <. @
1/0 Pin
D Q
WR —
trisc TP & Qf— Vss
RD _‘ﬂlj
TRISC
! K
RD N AN
PORTC N
___To Timer1 clock input u

3.5.2 RC1/T10SI/CCP2

Figure 3-12 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

» a Timerl oscillator input

 a Capture input and Compare/PWM output for
Comparator C2

FIGURE 3-12: BLOCK DIAGRAM OF RC1

T10SCEN Timerl Oscillator
Data Bus T10sI Circuit

CCP2CON

VDD

1/0 Pin

Vss

T10SCEN

\/

To CCP2

353 RC2/P1A/CCP1

Figure 3-13 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

¢ a PWM output

 a Capture input and Compare output for
Comparator C1

FIGURE 3-13: BLOCK DIAGRAM OF RC2

Data bus
CCP1CON

VDD

WR CK =
>0

1/0 Pin

TRISC || Vss

WR
cK
P

1
0
RD ¢

TRISC | :&7

RD
PORTC

To Enhanced CCP1
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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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9.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive
approximation and stores the conversion result into the
ADC result registers (ADRESL and ADRESH).

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

Figure 9-1 shows the block diagram of the ADC.

FIGURE 9-1: ADC BLOCK DIAGRAM
Avss VCFG1=0
VREF- ~ VCFG1= 1 ‘ |
AVDD

VCFGO0 =0

CHS<3:O>j|/

VREF+ VCFGO=1_ "]
ANO h
AN1 0001
AN2 0010
AN3 0011
AN4 0100
AN5 0101
ANG 0110
AN7 0111
ANS 1000 _ ADC
ANO 1001 GO/DONE —>
AN10 1010
AN11 1011
AN12 1100 ADON —]
AN13 1101
CVREF ——— {1110 VSS—
FixedRef ———— 1111

1.

ADFM —

0 = Left Justify
1 = Right Justify

10

[ ADRESH | ADRESL |

© 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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FIGURE 11-7: EXAMPLE ENHANCED PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)
. : 0 Pulse , PR2+1

P1M<1:0> Signal - Width » : :
- : Period -
00  (Single Output) P1AModulated — ___ | l .

P1A Modulated _ f:’—lq—é i_
'DelaytV) Pelay® :

10 (Half-Bridge) P1B Modulated ~ ___ | I

P1A Active ) :
(Full-Bridge, P1B Inactive _ ] !
01 Forward) ! .
P1C Inactive — ! X
P1D Modulated J—
P1A Inactive J— : :
11 (Full-Bridge, P1B Modulated [ | |
Reverse) ' :
P1C Active N L L
P1D Inactive J— ' :

Relationships:

¢ Period =4 * Tosc * (PR2 + 1) * (TMR2 Prescale Value)
« Pulse Width = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
« Delay = 4 * Tosc * (PWM1CON<6:0>)

Note 1:

Dead-band delay is programmed using the PWM1CON register (Section 11.6.6 “Programmable Dead-Band Delay

Mode”).

DS40001291H-page 132
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116.1

HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the CCPx/P1A pin, while the complementary PWM
output signal is output on the P1B pin (see Figure 11-9).
This mode can be used for Half-Bridge applications, as
shown in Figure 11-9, or for Full-Bridge applications,
where four power switches are being modulated with
two PWM signals.

In Half-Bridge mode, the programmable dead-band delay
can be used to prevent shoot-through current in Half-
Bridge power devices. The value of the PDC<6:0> bits of
the PWM1CON register sets the number of instruction
cycles before the output is driven active. If the value is
greater than the duty cycle, the corresponding output

remains
Section 11.6.6
Mode”
operations.

FIGURE 11-9:

inactive  during

the entire

cycle.

See

“Programmable Dead-Band Delay

EXAMPLE OF HALF-BRIDGE APPLICATIONS

for more details of the dead-band delay

Since the P1A and P1B outputs are multiplexed with
the PORT data latches, the associated TRIS bits must
be cleared to configure P1A and P1B as outputs.

EXAMPLE OF HALF-
BRIDGE PWM OUTPUT

Period

FIGURE 11-8:

Period

.. Pulse Width |

P1A®@! !
L !
[ |
I td 1
| |

—

1t

|
I [

|
td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

Standard Half-Bridge Circuit (“Push-Pull”)

Half-Bridge Output Driving a Full-Bridge Circuit

P1A

P1B

FET
Driver +
™~ | —
Load
FET
Driver +
™S e =
P1B L~ |t —
V+
FET ' FET
Driver Driver
™S I | 1
L I gl ~ -
M oad |
FET 1Load | FET
Driver Driver
™~ |t Y
L~ ks |

© 2006-2015 Microchip Technology Inc.
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FIGURE 12-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREG 1 1 (C
Word 1 Word 2 ))
BRG Output e B s B ey L1 L | I
(Shift Clock) ; : 0 S—'
TX/CK b " )
pin TN StartBit < bito X bit1 ><j S X bit7/8_/ stop bit Startbit < hit0
TXIE bit 1Ty = = fe— Word 1 | Word 2
(Transmit Buffer L] [ ((
Reg. Empty Flag) - = 1TcY ))
TRMT bit Word1l —— Word2 —*
(Transmit Shift Transmit Shift Reg. Transmit Shift Reg
Reg. Empty Flag) — (( ’
))
Note: This timing diagram shows two consecutive transmissions.

TABLE 12-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SEQFLZ;eé
BAUDCTL ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 159
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE1 — ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE 33
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 35
RCREG EUSART Receive Data Register 155
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 158
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 160
SPBRGH BRG15 BRG14 | BRG13 | BRG12 BRG11 BRG10 BRG9 BRG8 160
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 54
TXREG EUSART Transmit Data Register 150
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 157
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.
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12.3 EUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit or 16-bit
timer that is dedicated to the support of both the
asynchronous and synchronous EUSART operation.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 bit of the BAUDCTL register selects 16-bit
mode.

The SPBRGH, SPBRG register pair determines the
period of the free running baud rate timer. In
Asynchronous mode the multiplier of the baud rate
period is determined by both the BRGH bit of the TXSTA
register and the BRG16 bit of the BAUDCTL register. In
Synchronous mode, the BRGH bit is ignored.

Table 12-3 contains the formulas for determining the
baud rate. Example 12-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
asynchronous modes have been computed for your
convenience and are shown in Table 12-3. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

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

TABLE 12-3: BAUD RATE FORMULAS

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make sure that the receive operation is Idle before
changing the system clock.

EXAMPLE 12-1: CALCULATING BAUD
RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

Fosc

Desired Baud Rate = 67(/SPBRGIH.SPBRG] ~ 1)

Solving for SPBRGH:SPBRG:

Fosc
_ Desired Baud Rate _
64

16000000
9600
64

1

= [25.042] = 25

16000000
, Baud Rate = ——20"
Calculated Baud Rate G125+ 1)

= 9615

Calc. Baud Rate — Desired Baud Rate

E =
rror Desired Baud Rate

_ (9615 -9600)

= 0
9600 0.16%

Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH

0 0 0 8-bit/Asynchronous Fosc/[64 (n+1)]
0 0 1 8-bit/Asynchronous

Fosc/[16 (n+1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 X 8-bit/Synchronous Fosc/[4 (n+1)]
1 1 X 16-bit/Synchronous

Legend: x =Don't care, n = value of SPBRGH, SPBRG register pair

TABLE 12-4: REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé
BAUDCTL ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 159
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 158
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 160
SPBRGH BRG15 BRG14 | BRG13 | BRG12 BRG11 BRG10 BRG9 BRGS8 160
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 157
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for the Baud Rate Generator.
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12.4.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the EUSART
for Synchronous slave operation:

¢« SYNC=1

« CSRC=0

e SREN = 0 (for transmit); SREN = 1 (for receive)

e CREN =0 (for transmit); CREN = 1 (for receive)

« SPEN=1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
EUSART. If the RX/DT or TX/CK pins are shared with an

analog peripheral the analog 1/O functions must be
disabled by clearing the corresponding ANSEL bits.

12.4.2.1 EUSART Synchronous Slave

Transmit

The operation of the Synchronous Master and Slave
modes are identical (see Section 12.4.1.3
“Synchronous Master Transmission”), except in the
case of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in TXREG register.

The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

w

12.4.2.2 Synchronous Slave Transmission
Setup:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the CREN and SREN bits.

3. Ifinterrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

4. If 9-bit transmission is desired, set the TX9 bit.

5. Enable transmission by setting the TXEN bit.

6. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D hit.

7. Start transmission by writing the Least
Significant eight bits to the TXREG register.

TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 Regp'zt;o”
BAUDCTL ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 159
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE1 — ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMRL1IE 33
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 35
RCREG EUSART Receive Data Register 155
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 158
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 160
SPBRGH BRG15 BRG14 | BRG13 | BRG12 BRG11 BRG10 BRG9 BRGS8 160
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 54
TXREG EUSART Transmit Data Register 150
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 157
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Slave

Transmission.
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13.4.5 BAUD RATE GENERATOR

In 12C Master mode, the reload value for the BRG is
located in the lower seven bits of the SSPADD register
(Figure 13-11). When the BRG is loaded with this
value, the BRG counts down to 0 and stops until
another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In I2C Master mode, the BRG is
reloaded automatically. If clock arbitration is taking
place, for instance, the BRG will be reloaded when the
SCL pin is sampled high (Figure 13-12).

FIGURE 13-11: BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM<3:0> j‘>| SSPADD<6:0>

SSPM<3:0> i‘> Reload Reload
——p
SCL —p{ Control

CLKOUT.—{ BRG Down Counter |~——Fosc/a

FIGURE 13-12: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX >< DX-1
SCL de-asserted but slave holds SCL allowed to transition high
SCL low (clock arbitration) | r

scL —\ /’_____/

BRG decrements on
Q2 and Q4 cycles

| 1 l l |
5;56 | 03h >< 02h >< 01h >< 00h (hold off) |>< 03h X 02h
I I

| SCL is sampled high, reload takes
BRG | h

place and BRG starts its count
Reload
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13.4.10 ACKNOWLEDGE SEQUENCE TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN (SSPCON2
register). When this bit is set, the SCL pin is pulled low
and the contents of the Acknowledge Data bit (ACKDT)
is presented on the SDA pin. If the user wishes to gener-
ate 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 de-asserted (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 13-17).

13.4.10.1 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 does not
occur).

13.4.11 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 register). 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 de-asserted. When the SDA pin is sam-
pled high while SCL is high, the P bit (SSPSTAT regis-
ter) is set. A TBRG later, the PEN bit is cleared and the
SSPIF bit is set (Figure 13-18).

13.4.11.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write does
not occur).

FIGURE 13-17: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, ACKEN automatically cleared
Write to SSPCON2
ACKEN =1, ACKDT =0
l—TBrG —’!‘_TBRG —
SDA >< DO \ ACK :
. | :
SCL 8 | I 9 !
|
| I
SSPIF !
Set SSPIF at the end J Cleared in L Cleared in
of receive software software
Set SSPIF at the end
of Acknowledge sequence
Note: TBRG = one Baud Rate Generator period.
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14.0 SPECIAL FEATURES OF THE
CPU

The PIC16F882/883/884/886/887 devices have a host
of features intended to maximize system reliability,
minimize cost through elimination of external
components, provide power-saving features and offer
code protection.

These features are:

* Reset

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
* Interrupts
» Watchdog Timer (WDT)
» Oscillator selection
e Sleep
» Code protection
* ID Locations
* In-Circuit Serial Programming™
» Low-voltage In-Circuit Serial Programming™
The PIC16F882/883/884/886/887 devices have two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in Reset until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which
provides a fixed delay of 64 ms (nominal) on power-up
only, designed to keep the part in Reset while the
power supply stabilizes. There is also circuitry to reset
the device if a brown-out occurs, which can use the
Power-up Timer to provide at least a 64 ms Reset. With
these three functions-on-chip, most applications need
no external Reset circuitry.

The Sleep mode is designed to offer a very low-current
Power-Down mode. The user can wake-up from Sleep
through:

» External Reset

» Watchdog Timer Wake-up

e Aninterrupt

Several oscillator options are also made available to
allow the part to fit the application. The INTOSC option
saves system cost while the LP crystal option saves
power. A set of Configuration bits are used to select
various options (see Register 14-3).

© 2006-2015 Microchip Technology Inc.
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17.5

DC Characteristics:

PIC16F882/883/884/886/887-1 (Industrial)

PIC16F882/883/884/886/887-E (Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta < +85°C for industrial

Operating temperature

-40°C < TA < +125°C for extended

Pzr(?m Sym. Characteristic Min. Typt Max. | Units Conditions
VIL Input Low Voltage
I/O Port:
D030 with TTL buffer Vss — 0.8 V |45V <VDD <5.5V
DO30A Vss — |0.15VDD| V |2.0V<VDD<4.5V
D031 with Schmitt Trigger buf- Vss — 0.2 VbD V |2.0V<VDD<5.5V
fer
D032 MCLR, OSC1 (RC mode)® Vss — | o02vop | V
D033 OSCL1 (XT and LP modes) Vss — 0.3 \%
DO033A OSC1 (HS mode) Vss — 0.3 VDD \%
VIH Input High Voltage
I/O ports: —
D040 with TTL buffer 2.0 — VDD V |45V <VDD<5.5V
DO40A 0.25VDD + 0.8 — VDD V |2.0V<VDD<4.5V
D041 with Schmitt Trigger buffer 0.8 VDD — VDD V |2.0V<VDD<5.5V
D042 MCLR 0.8 VDD — VDD \Y
D043 OSCL1 (XT and LP modes) 1.6 — VDD \%
D043A OSC1 (HS mode) 0.7 VDD — VDD \%
D043B OSC1 (RC mode) 0.9 VDD — VDD V  [(Note 1)
I Input Leakage Current®
D060 I/O ports — +0.1 +1 pA  |Vss < VPIN < VDD,
Pin at high-impedance
D061 MCLR®) — 1 5 pA  |Vss < VPIN < VDD
D063 0OsC1 — + +5 pA  |Vss < VPIN < VDD, XT, HS and
LP oscillator configuration
DO70* |IPUR PORTB Weak Pull-up Cur- 50 250 400 pA |VDD =5.0V, VPIN = Vss
rent
VoL Output Low Voltage®
D080 1/0O ports — — 0.6 V |loL=8.5mA, VDD = 4.5V
(Ind.)
VOH Output High Voltage®)
D090 1/0O ports VDD - 0.7 — — V |loH =-3.0 mA, VDD = 4.5V
(Ind.)

* 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.

external clock in RC mode.
2:  Negative current is defined as current sourced by the pin.
3: 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.
4: See Section 10.3.1 “Using the Data EEPROM” for additional information.
5:  Including OSC2 in CLKOUT mode.

In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an

© 2006-2015 Microchip Technology Inc.

DS40001291H-page 245



PIC16F882/883/884/886/887

FIGURE 17-5: CLKOUT AND 1I/O TIMING
Cycle Write Fetch Read Execute
Q4 Q1 Q2 Q3 :
Fosc E: :
R 10520 ;!
CLKOUT D \k 10821 LA '
:*1 ~—0S19 . 0516 : —= '=—0s18 !
| -~ 0513 <—>‘OSl7 :
1/0 pin
(Input)
Z <—0515—~ 0S14 ;
I(/C())u?;inrsjt) Old Value X . New Value
—= = 0S18, 0S19 f
TABLE 17-3: CLKOUT AND I/O TIMING PARAMETERS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C
Pilr:m Sym. Characteristic Min. Typt| Max. |Units| Conditions
0S11 |TosH2ckL |FoscT to CLKOUTY @ — — | 70 | ns |[Vbp=5.0v
0S12 |TosH2ckH [Fosc? to CLKOUTT @ — — | 72 | ns |VbD=5.0V
0S13 |TckL2ioV  |CLKOUTY to Port out valid® — — | 20 | ns
0S14 |Tiov2ckH |Port input valid before CLKOUTT® | Tosc+200ns| — | — | ns
0S15* |TosH2i0V |Fosc® (Q1 cycle) to Port out valid — 50 70 ns (VDD =5.0V
0S16 |TosH2iol FoscT (Q2 cycle) to Port input invalid 50 — — ns |VDD =5.0V
(/O in hold time)
0S17 |Tiov2osH |Port input valid to FoscT (Q2 cycle) 20 — — ns
(/O in setup time)
0S18 |TioR Port output rise time® — 15 72 ns |VDD = 2.0V
— 40 32 VDD = 5.0V
0S19 |TioF Port output fall time@ — 28 | 55 | ns |VDD=2.0V
— 15 30 VDD = 5.0V
0S20* [TINP INT pin input high or low time 25 — — ns
0S21* |TRAP PORTA interrupt-on-change new Tey — — ns
input level time

Note 1:

These parameters are characterized but not tested.

Data in “Typ” column is at 5.0V, 25°C unless otherwise stated.

Measurements are taken in RC mode where CLKOUT output is 4 x Tosc.

Includes OSC2 in CLKOUT mode.
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28-Lead Plastic Quad Flat, No Lead Package (ML) - 6x6 mm Body [QFN]
With 0.55 mm Terminal Length

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

Units MILLIMETERS

Dimension|Limits|  MIN | NOM | MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 | 3.70 | 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Terminal Width b 0.23 0.30 0.35
Terminal Length L 0.50 0.55 0.70
Terminal-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105C Sheet 2 of 2
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APPENDIX A: DATA SHEET
REVISION HISTORY

Revision A (5/2006)

Initial release of this data sheet.

Revision B (7/2006)

Pin Diagrams (44-Pin QFN drawing); Revised Table
2-1, Addr. 1DH (CCP2CON); Section 3.0, 3.1; Section
3.4.4.6; Table 3; Table 3-1 (ANSEL); Table 3-3
(CCP2CON); Register 3-1; Register 3.2; Register 3-3;
Register 3-4; Register 3-9; Register 3-10; Register
3-11; Register 3-12; Register 3-14; Table 3-5 (ANSEL);
Figure 3-5; Figure 3-11; Figure 8-2; Figure 8-3; Figure
9-1; Register 9-1; Section 9.1.4; Example 10-4; Figure
11-5; Table 11-5 (P1M); Section 11.5.2; Section 11.5.7,
Number 4; Table 11-7 (CCP2CON); Section 12.3.1
(Para. 3); Figure 12-6 (Title); Sections 14.2, 14.3 and
14.4 DC Characteristics (Max); Table 14-4 (OSCCON);
Section 14.3 (TMRO); Section 14.3.2 (TMRO).

Revision C

Section 19.0 Packaging Information: Replaced
package drawings and added note.

Added PIC16F882 part number.

Replaced PICmicro with PIC.

Revision D

Replaced Package Drawings (Rev. AM); Replaced
Development Support Section; Revised Product 1D
Section.

Revision E (01/2008)

Added Char Data; Removed Preliminary status;
Revised Device Table (PIC16F882, 1/0); Revised the
following: Pin Diagram 44 TQFP, pin 30; Table 5, /0
RA7; Table 1-1, RA1 and RA4; Section 2.2.1; Register
2-3, INTCON; Example 3-1; Section 3.2.2; Example
3-2; Figure 6-1; Section 6.2.2; Section 6.6; Section
8.10.3; Table 9-1; Equation 11-1; Added Figure 11-14
and renumbered remaining Figures; Register 11-3;
Register 13-3; Section 14.0; Section 14.1; Section
14.9; Section 14.10; Section 17.0; Updated Package
Drawings.

Revision F (04/2009)

Revised Product ID: Removed ‘F’ (std. voltage range)
from part numbers; Revised Figure 6-1: Timerl Block
Diagram; Revised Figure 8-3, Comparator C2 Block
Diagram; Added note to Section 8.10.3; Revised
Section 8.10.7.

Revision G (10/2012)

Updated data sheet to new format; Updated Register
13-1 and Register 13-2; Updated the Packaging
Information section; Updated the Product Identification
System section; Other minor corrections.

Revision H (04/2015)

Added Section 17.9: High Temperature Operation in
the Electrical Specifications section.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO.

Device Tape and Reel Temperature

X X XX XXX
B

X

Package

Option Range

Pattern

Device:
Tape and Reel
Option:

Temperature
Range:

Package:®

Pattern:

PIC16F883, PIC16F883T(M), PIC16F884, PIC16F884T(L),
PIC16F886, PIC16F886T(™), PIC16F887, PIC16F887T(),

VDD range 2.0V to 5.5V

Blank = Standard packa?ing (tube or tray)
T = Tape and Reel®

-40°Cto +85°C  (Industrial)

E -40°C to +125°C  (Extended)

ML = Quad Flat No Leads (QFN)

P = Plastic DIP

PT = Plastic Thin-Quad Flatpack (TQFP)

SO = Plastic Small Outline (SOIC) (7.50 mm)
SP = Skinny Plastic DIP

SS = Plastic Shrink Small Outline

QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a)

b)  PIC16F883-1/SO = Industrial Temp., SOIC
package, 20 MHz
Note 1: Tape and Reel identifier only appears in the

PIC16F883-E/P 301 = Extended Temp., PDIP
package, 20 MHz, QTP pattern #301

catalog part number description. This
identifier is used for ordering purposes and is
not printed on the device package. Check
with your Microchip Sales Office for package
availability with the Tape and Reel option.

2: For other small form-factor package
availability and marking information, please
visit www.microchip.com/packaging or
contact your local sales office.
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