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PIC16F882/883/884/886/887

TABLE 2 28-PIN QFN ALLOCATION TABLE (PIC16F882/883/886)

=z o
o | S| E : S - Y - B
R 2 £ 5 | 8] ¢ | & |z 8

oy < IS [ o < o

N 8
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

DIRECT/INDIRECT ADDRESSING PIC16F882/883/884/886/887

FIGURE 2-8:
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7  File Select Register 0
N J v J S y N y J
Bank Select Location Select Bank Select Location Select
- | > 00 01 10 1 </
00h 180h
Data
Memory
7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note: For memory map detail, see Figures 2-2 and 2-3.
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3.2.3.6 RA5/AN4/SS/C20UT

Figure 3-6 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O

e an analog input for the ADC

 aslave select input

« adigital output from Comparator C2

FIGURE 3-6: BLOCK DIAGRAM OF RA5

Data Bus

C20UT

WR _| |

PORTA
I/O Pin
[

WR

TRISA™]
Analog® *
RD Input Mode o

TRISA |
RD ﬂ

PORTA

To SS Input

To A/D Converter

Note 1: ANSEL determines Analog Input mode.

3.2.3.7 RAG/OSC2/CLKOUT

Figure 3-7 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

 a crystal/resonator connection

* a clock output

FIGURE 3-7: BLOCK DIAGRAM OF RAG6
Oscillator
Data Bus Circuit
0OSsC2
CLKOUT Voo
Enable
D Q
WR [ L CK = 1/0 Pin
PORTAT P~ @
CLKOUT.
Enable
Vss
¢ D Q
INTOSCIO/(I)_‘
WR — EXTRCIO/EC
CK "
TRISATP X Q
CLKOUT
RD Enable
TRISA]|
e
RD
PORTA

Note 1: With I/O option.
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3.2.3.8 RA7/0SC1/CLKIN

Figure 3-8 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

 a crystal/resonator connection

 aclock input

FIGURE 3-8: BLOCK DIAGRAM OF RA7
Data Bus ﬁ Oscillator
Circuit
OSC1
oD Q VoD

WR | L CK =
PORTAT P U Q

1/0 Pin
D Q
WR CK =
TRISATP <. Q¢ Vss
. INTOSC
RD 1 Mode
TRISA b
Q
e
RD /
PORTA
CLKIN

TABLE 3-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 32%2;
ADCONO ADCS1 | ADCSO | CHS3 CHS2 CHS1 CHSO | GO/DONE | ADON 104
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO a1
CM1CONO CION | C10UT | CI1OE C1POL = CIR CICH1 | C1CHO 89
CM2CONO C20N | C20UT | C20E C2POL — C2R C2CH1 | C2CHO 90
CM2CON1 MC10UT | MC20UT | C1RSEL | C2RSEL — — TIGSS | C2SYNC 92
PCON — — ULPWUE | SBOREN — — POR BOR 37
OPTION_REG | RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 31
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 40
SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO 177
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO 40

Legend: x =unknown, u =unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.

© 2006-2015 Microchip Technology Inc. DS40001291H-page 47
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3.7 PORTE and TRISE Registers

PORTE® is a 4-bit wide, bidirectional port. The
corresponding data direction register is TRISE. Setting a
TRISE bit (= 1) will make the corresponding PORTE pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISE bit (= 0) will
make the corresponding PORTE pin an output (i.e.,
enable the output driver and put the contents of the
output latch on the selected pin). The exception is RE3,

The TRISE register (Register 3-14) controls the PORTE
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISE register are maintained set when using them as
analog inputs. I/0 pins configured as analog input always
read ‘0’.

Note:  The ANSEL register must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs

which is input only and its TRIS bit will always read as will read ‘0".
‘1’. Example 3-6 shows how to initialize PORTE.
Reading the PORTE register (Register 3-13) reads the EXAMPLE 3-6: INITIALIZING PORTE
status of the pins, whereas writing to it will write to the BANKSEL PORTE :
PORT latch. All write operations are read-modify-write CLRF PORTE ;lnit PORTE
operations. Therefore, a write to a port implies that the BANKSEL ANSEL ;
port pins are read, this value is modified and then CLRF  ANSEL ;digital 1/0
written to the PORT data latch. RE3 reads ‘0’ when BCF STATUS, RP1  ; Bank 1
MCLRE = 1. BANKSEL TRI SE ;
MOVLW B 00001100’ ; Set RE<3:2> as inputs
Note 1: RE<2:0> pins are available on MOWF  TRI SE ;and set RE<1:0>
PIC16F884/887 only. ;as outputs

REGISTER 3-13: PORTE: PORTE REGISTER

U-0 uU-0 uU-0 uU-0 R-x R/W-x R/W-x R/W-x

_ _ — = RE3 RE2 RE1 REO
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 7-4 Unimplemented: Read as ‘0’
bit 3-0 RD<3:0>: PORTE General Purpose I/O Pin bit

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

REGISTER 3-14: TRISE: PORTE TRI-STATE REGISTER

u-0 u-0 u-0 u-0 R-1D RIW-1 RIW-1 R/W-1

— — — — TRISE3 TRISE2 TRISE1 TRISEO
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’ = Bitis cleared X = Bit is unknown
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 TRISE<3:0>: PORTE Tri-State Control bit

1 = PORTE pin configured as an input (tri-stated)

0 = PORTE pin configured as an output

Note 1: TRISE<3> always reads ‘1’.

DS40001291H-page 60
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TABLE 3-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
Name Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Reg;z;eg on
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 41
PORTE — — — — RE3 RE2 RE1 REO 60
TRISE — — — — TRISE3 TRISE2 | TRISE1 | TRISEO 60
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTE
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4.4.3 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 4-3). The mode selects a low,
medium or high gain setting of the internal inverter-
amplifier to support various resonator types and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is designed to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification.

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting.

Figure 4-3 and Figure 4-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.

FIGURE 4-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L OSC1/CLKIN
I
C1
Quartz
Crystal
c2 Rs® 0SC2/CLKOUT
Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3: For oscillator design assistance, reference
the following Microchip Applications Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

» AN849, “Basic PIC® Oscillator Design”
(DS00849)

» AN943, “Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, “Making Your Oscillator Work”

(DS00949)

FIGURE 4-4: CERAMIC RESONATOR
OPERATION

(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

OSC2/CLKOUT

Ceramic  Rs®W

Resonator

Note 1: A series resistor (Rs) may be required for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

3: An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.

DS40001291H-page 66
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6.7 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timerl interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

» Timerl interrupt enable bit of the PIE1 register
* PEIE bit of the INTCON register
« GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note:  The TMR1H:TTMRLL register pair and
the TMR1IF bit should be cleared before
enabling interrupts.

6.8 Timerl Operation During Sleep

Timerl can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

« TMR1ON bit of the TLCON register must be set

* TMRI1IE bit of the PIEL1 register must be set

* PEIE bit of the INTCON register must be set

The device will wake-up on an overflow and execute
the next instruction. If the GIE bit of the INTCON
register is set, the device will call the Interrupt Service
Routine (0004h).

6.9 ECCP Capture/Compare Time
Base

The ECCP module uses the TMR1H:TMRL1L register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPRxH:CCPRxL
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPRxH:CCPRXxL register pair matches the value in
the TMR1H:TMRI1L register pair. This event can be a
Special Event Trigger.

See Section 11.0 “Capture/Compare/PWM Modules
(CCP1 and CCP2)” for more information.

6.10 ECCP Special Event Trigger

If an ECCP is configured to trigger a special event, the
trigger will clear the TMR1H:TMRLL register pair. This
special event does not cause a Timerl interrupt. The
ECCP module may still be configured to generate a
ECCP interrupt.

In this mode of operation, the CCPRxH:CCPRxL
register pair effectively becomes the period register for
Timerl.

Timerl should be synchronized to the Fosc to utilize
the Special Event Trigger. Asynchronous operation of
Timerl can cause a Special Event Trigger to be
missed.

In the event that a write to TMR1H or TMR1L coincides
with a Special Event Trigger from the ECCP, the write
will take precedence.

For more information, see Section 11.0 “Capture/
Compare/PWM Modules (CCP1 and CCP2)".

6.11 Comparator Synchronization

The same clock used to increment Timerl can also be
used to synchronize the comparator output. This
feature is enabled in the Comparator module.

When using the comparator for Timerl gate, the
comparator output should be synchronized to Timerl.
This ensures Timerl does not miss an increment if the
comparator changes.

For more information, see Section 8.0 “Comparator
Module”.

FIGURE 6-2: TIMER1 INCREMENTING EDGE
T1CKI =1
when TMR1
Enabled * * * *
T1CKI= 0
when TMR1
Enabled * * * *
Note 1: Arrows indicate counter increments.
2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of
the clock.

DS40001291H-page 80
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8.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
The comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of the program execution. The analog
comparator module includes the following features:

* Independent comparator control

« Programmable input selection

» Comparator output is available internally/externally

» Programmable output polarity

* Interrupt-on-change

* Wake-up from Sleep

* PWM shutdown

» Timerl gate (count enable)

« Output synchronization to Timerl clock input

e SR Latch

» Programmable and Fixed Voltage Reference

Note:  Only Comparator C2 can be linked to
Timerl.

8.1 Comparator Overview

A single comparator is shown in Figure 8-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

FIGURE 8-1: SINGLE COMPARATOR
VINt —— 1+
Output
VIN- ————

---- VIN-
— VIN+

Output l l l l

Note:  The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

© 2006-2015 Microchip Technology Inc.
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An example of the complete 8-word write sequence is
shown in Example 10-4. The initial address is loaded
into the EEADRH and EEADR register pair; the eight
words of data are loaded using indirect addressing.

EXAMPLE 10-4:

WRITING TO FLASH PROGRAM MEMORY

BANKSEL
MOVF
MOVWF
MOVF
MOVWF
MOVF
MOVWF
LOooP MOVF
MOVWF
I NCF
MOVF
MOVWF
I NCF
BANKSEL
BSF
BSF

BSF
BANKSEL
MOVF

I NCF
ANDLW
SUBLW

BTFSS
GOTO

EEADRH

ADDRH, W
EEADRH ;
ADDRL, W ;
EEADR ;
DATAADDR, W
FSR ;
I NDF, W
EEDATA

FSR, F ;
I NDF, W
EEDATH

FSR, F ;
EECONL

EECONL, EEPGD ;

EECON1, VREN ;
I NTCON, A E
I NTCON, A E

EECON1, WREN ;
INTCON G E
EEADR

EEADR, W
EEADR, F ;
OxO0F ;
OxO0F

STATUS, Z ;
LOooP ;

P I R R R R R R N R B R R R B R R R B B R R R B R B R R NN SR B R RN B R B R R NN B B R N R AR B R AR N BN B B AR SR N AR AR

This wite routine assumes the follow ng:
; A valid starting address (the least significant bits = '000')
; is | oaded i n ADDRH: ADDRL
ADDRH, ADDRL and DATADDR are all located in data nenory

Load initial address

Load initial data address
Load first data byte into |ower

Next byte
Load second data byte into upper

Point to program nenory
Enable wites

Di sable interrupts (if using)
See AN576

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Requi red Sequence
Start of required wite sequence:
Wite 55h

Wite O0AAh

Set WR bit to begin wite

Required to transfer data to the buffer
regi sters

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Disable wites
Enabl e interrupts (conment out if not using interrupts)

I ncrement address
I ndi cat es when si xteen words have been programmed
OxOF = 16 words
0x0B 12 words (Pl C16F884/883/882 only)
0x07 8 words
0x03 = 4 words(Pl C16F884/883/882 only)
Exit on a match,
Continue if nore data needs to be witten

DS40001291H-page 118
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11.2 Capture/Compare/PWM (CCP2)

The Capture/Compare/PWM module is a peripheral
which allows the user to time and control different
events. In Capture mode, the peripheral allows the
timing of the duration of an event. The Compare mode
allows the user to trigger an external event when a
predetermined amount of time has expired. The PWM
mode can generate a Pulse-Width Modulated signal of
varying frequency and duty cycle.

The timer resources used by the module are shown in
Table 11-2.

Additional information on CCP modules is available in
the Application Note AN594, “Using the CCP Modules”
(DS00594).

TABLE 11-2: CCP MODE - TIMER
RESOURCES REQUIRED

CCP Mode

Timer Resource

Capture

Timerl

Compare

Timerl

PWM

Timer2

REGISTER 11-2: CCP2CON: CCP2 CONTROL REGISTER

uU-0 u-0 R/W-0 R/W-0

R/W-0 R/W-0

R/W-0 R/W-0

— — DC2B1 DC2B0

CCP2M3 CCP2M2

CCP2M1 CCP2MO

bit 7

bit 0

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

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 DC2B<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused.

Compare mode:
Unused.
PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR2L.

bit 3-0 CCP2M<3:0>: CCP2 Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP2 module)

0001 = Unused (reserved)
0010 = Unused (reserved)
0011 = Unused (reserved)

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP2IF bit is set)
1001 = Compare mode, clear output on match (CCP2IF bit is set)
1010 = Compare mode, generate software interrupt on match (CCP2IF bit is set, CCP2 pin

is unaffected)

1011 = Compare mode, trigger special event (CCP2IF bit is set, TMRL1 is reset and A/D
conversion is started if the ADC module is enabled. CCP2 pin is unaffected.)

11xx = PWM mode.

© 2006-2015 Microchip Technology Inc.
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FIGURE 11-11: EXAMPLE OF FULL-BRIDGE PWM OUTPUT

Forward Mode

| Period | .
. - I
P1A@ | | | |
| Pulse Width ! : \
le——«——»
I | I !
p1®@ I | I !
[ T | T
[ I [ I
[ I I I
p1c® I | I |
[ T [ T
[ I I I
[ I I I

| |
(1) | | 1(1)

Reverse Mode

()

L Period R .
' _Pulse Width ' | :
f——————————»

P1A®) ! : ! '
] I '
| | | |

. |

P1B@ S E—
| | | |
1 | | |

p1c® ___ | | | |
| | | |
| | | |

PID® : f : :
| | | |

Note 1: At this time, the TMR2 register is equal to the PR2 register.
2: Output signal is shown as active-high.
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12.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is a serial I/O
communications peripheral. It contains all the clock
generators, shift registers and data buffers necessary
to perform an input or output serial data transfer
independent of device program execution. The
EUSART, also known as a Serial Communications
Interface (SCI), can be configured as a full-duplex
asynchronous system or half-duplex synchronous
system.  Full-Duplex mode is useful for
communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

FIGURE 12-1:

The EUSART module includes the following capabilities:

* Full-duplex asynchronous transmit and receive
» Two-character input buffer

« One-character output buffer

« Programmable 8-bit or 9-bit character length

» Address detection in 9-bit mode

* Input buffer overrun error detection

» Received character framing error detection
 Half-duplex synchronous master

« Half-duplex synchronous slave

» Programmable clock polarity in synchronous
modes

« Sleep operation

The EUSART module implements the following
additional features, making it ideally suited for use in
Local Interconnect Network (LIN) bus systems:

» Automatic detection and calibration of the baud rate

» Wake-up on Break reception

« 13-bit Break character transmit

Block diagrams of the EUSART transmitter and
receiver are shown in Figure 12-1 and Figure 12-2.

EUSART TRANSMIT BLOCK DIAGRAM

Data Bus
TXIE
| | | Interrupt
| TXREG Register I | TXIF |
{s
------------------------ S0 o TX/CK pin
g ! Pin Buffer
‘()‘ e o o ‘ O},—’|deontrol

' BRG16
: Multiplier | x4 | x16 |x64|"
SYNC 1|X|0|0fO0 |

:|SPBRGH‘ SPBRG ‘ BRGH |X|1[1({0|O0 |!

' B Transmit Shift Register (TSR) _ _ _ _ _ !

| TRMT | | SPEN |

DS40001291H-page 148
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FIGURE 12-9:

SEND BREAK CHARACTER SEQUENCE

Write to TXREG

BRG Output
(Shift Clock)

TX (pin)

TXIF bit
(Transmit
Interrupt Flag)

TRMT bit
(Transmit Shift
Empty Flag)

SENDB
(send Break
control bit)

Dummy Write
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Start bit bit 0 bit 1 ( bit 11 Stop bit .
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- Break > \
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FIGURE 13-7: I2C™ SLAVE MODE WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address R/W =0____ Receiving Data ACK Receiving Data Not ACK ..

SDA m@mmmm @m@@@@m /DTDEXDDADIEDEDEY {\

|
\ I
! |
| | ! : ?
SSPIF ! ,_| P | Bus Master
! T I Terminates
! | | Transfer
BF T | I
LI— Cleared in software !
SSPBUF register is read !
SSPOV
Bit SSPOV is set because the SSPBUF register is still full A
ACK is not sent
FIGURE 13-8: 12C™ SLAVE MODE WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
RIW =0
Receiving Address RIW = l Transmitting Data Not ACK- - -

SCL

. Data in ) Sﬁll_ held Iov<
. . while CPU
Sampled J[responds to SSPIF | \

SSPIF [ﬁ7| LT

A

s

BF

L Cleared in software }From_ SSP Interrupt
SSPBUF is written in software [ Service Routine

CKP

?— Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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I2C™ MASTER MODE START
CONDITION TIMING

13.4.6

To initiate a Start condition, the user sets the Start
Condition Enable bit SEN of the SSPCONZ2 register. If
the SDA and SCL pins are sampled high, the Baud
Rate Generator is reloaded with the contents of
SSPADD<6:0> and starts its count. If SCL and SDA are
both sampled high when the Baud Rate Generator
times out (TBRG), the SDA pin is driven low. The action
of the SDA being driven low, while SCL is high, is the
Start condition, and causes the S bit of the SSPSTAT
register to be set. Following this, the Baud Rate Gener-
ator is reloaded with the contents of SSPADD<6:0>
and resumes its count. When the Baud Rate Generator
times out (TBRG), the SEN bit of the SSPCON2 register
will be automatically cleared by hardware, the Baud
Rate Generator is suspended leaving the SDA line held
low and the Start condition is complete.

Note: If, at the beginning of the Start condition,
the SDA and SCL pins are already sam-
pled low, or if during the Start condition the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs,
the Bus Collision Interrupt Flag, BCLIF, is
set, the Start condition is aborted, and the

I2C module is reset into its Idle state.

FIGURE 13-13: FIRST START BIT TIMING

13.4.6.1  WCOL Status Flag

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

Note:  Because queuing of events is not allowed,
writing to the lower five bits of SSPCON2
is disabled until the Start condition is

complete.

Write to SEN bit occurs here
SDA =1,

SCL=1

l

Set S bit (SSPSTAT)

At completion of Start bit,
hardware clears SEN bit
l and sets SSPIF bit

k=TBRG = T?B(?_’f Write to SSPBUF occurs here
l Co ’ / 1st Bit >< 2nd Bit
SDA : —
! Lo [ TBRG
SCL el [<TBRG|
S
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TABLE 14-4: INITIALIZATION CONDITION FOR REGISTER (CONTINUED)
. Power-on MCLR Rese.t Hake-up f:r?grfdz(tep througn
Register Address Reset W%Iow:-?u(tcsgstg?ﬁd) Wake-up from Sleep through
WDT Time-out (Continued)

CM2CON1 109h 0000 0--0 0000 0--0 uuuu u--u
EEDAT 10Ch 0000 0000 0000 0000 uuuu uuuu
EEADR 10Dh 0000 0000 0000 0000 uuuu uuuu
EEDATH 10Eh --00 0000 --00 0000 --uu uuuu
EEADRH 10Fh ---0 0000 ---0 0000 ---Uu uuuu
SRCON 185h 0000 00-0 0000 00-0 uuuu uu-u
BAUDCTL 187h 01-0 0-00 01-0 0-00 uu-u u-uu
ANSEL 188h 1111 1111 1111 1111 uuuu uuuu
ANSELH 189h 1111 1111 1111 1111 uuuu uuuu
EECON1 18Ch ---- x000 ---- 000 ---- uuuu
EECON2 18Dh
Legend: u =unchanged, x = unknown, — = unimplemented bit, reads as ‘0’, g = value depends on condition.

Note 1:

If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2:  One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

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

4: See Table 14-5 for Reset value for specific condition.
5: If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
6. Accessible only when SSPCON register bits SSPM<3:0> = 1001.

TABLE 14-5:  INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Condition Counter Register Register
Power-on Reset 000h 0001 1xxx --01 --0x
MCLR Reset during normal operation 000h 000u uuuu --0u --uu
MCLR Reset during Sleep 000h 0001 Ouuu --0u --uu
WDT Reset 000h 0000 uuuu --0u --uu
WDT Wake-up PC+1 uuu0 Ouuu --uu --uu
Brown-out Reset 000h 0001 Zluuu --01 --u0
Interrupt Wake-up from Sleep pC +1@ uuul Ouuu --uu --uu
Legend: u =unchanged, x =unknown, —= unimplemented bit, reads as ‘0.
Note 1: When the wake-up is due to an interrupt and Global Interrupt Enable bit, GIE, is set, the PC is loaded with

the interrupt vector (0004h) after execution of PC + 1.
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FIGURE 17-10: PIC16F882/883/884/886/887 A/D CONVERSION TIMING (NORMAL MODE)

BSF ADCOND, GOX
AD134 —», <~—— (Tosc/2®)

AD131 !
Q4IL : : :i
T —='AD130'~— Lo
AD CLK Lo

A/D Data ><9><8><7><Ezé><3><2><1><0><

C (( .

ADRES o OLD_DATA |} X__NEW_DATA
L )) oy

ADIF L (¢ ] 1Ty
(¢ ' \
GO . )) DONE

; Sampling Stopped

Sample M&. ((

))

Note 1: |If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

FIGURE 17-11: PIC16F882/883/884/886/887 A/D CONVERSION TIMING (SLEEP MODE)

BSF ADCONO, GO><

AD134—»' '«— (Tosc/2 + Tey() — '=——1Toy
. AD131 !
Q4

— ='AD130'=——

woew L L L LT LT

AID Data B X9X8X7@§><3X2><1><°X

X l\jEW_DATA

——I ~——1Tcy
GO ! | DONE

Sampling Stopped X ’—
Sample AD132 (( .

))

ADRES OLD_DATA

ADIF

[N e NP N 2N
R N R NN

Note 1: |If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.
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44-L ead 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

Notes:

(L)
SECTION A-A

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Standoff A1 0.05 - 0.15
Molded Package Thickness A2 0.95 1.00 1.05
Overall Width E 12.00 BSC
Molded Package Width E1 10.00 BSC
Overall Length D 12.00 BSC
Molded Package Length D1 10.00 BSC
Lead Width b 0.30 0.37 0.45
Lead Thickness c 0.09 - 0.20
Lead Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle 0 0c | 35 | 7

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Exact shape of each corner is optional.

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 C04-076C Sheet 2 of 2
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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