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2224 PIE1 Register

The PIE1 register contains the interrupt enable bits, as
shown in Register 2-4.

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.

REGISTER DEFINITIONS: PIE1
REGISTER 2-4: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1

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

— | ADIE \ RCIE | TXIE SSPIE CCP1IE TMR2IE TMRLIE
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 Unimplemented: Read as ‘0’
bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 TXIE: EUSART Transmit Interrupt Enable bit

1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt

bit 3 SSPIE: Master Synchronous Serial Port (MSSP) Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

bit 2 CCPL1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: Timer2 to PR2 Match Interrupt Enable bit

1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt

bit 0 TMR1IE: Timerl Overflow Interrupt Enable bit

1 = Enables the Timerl overflow interrupt
0 = Disables the Timerl overflow interrupt
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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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5.0 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

 8-hit timer/counter register (TMRO)

 8-bit prescaler (shared with Watchdog Timer)

» Programmable internal or external clock source

* Programmable external clock edge selection

* Interrupt on overflow

Figure 5-1 is a block diagram of the TimerO module.

FIGURE 5-1:

5.1 Timer0Q Operation

When used as a timer, the TimerO module can be used
as either an 8-bit timer or an 8-bit counter.

511 8-BIT TIMER MODE

When used as a timer, the Timer0 module will
increment every instruction cycle (without prescaler).
Timer mode is selected by clearing the TOCS bit of the
OPTION register to ‘0.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

Note:  The value written to the TMRO register
can be adjusted, in order to account for
the two instruction cycle delay when
TMRO is written.

51.2 8-BIT COUNTER MODE

When used as a counter, the Timer0 module will
increment on every rising or falling edge of the TOCKI
pin. The incrementing edge is determined by the TOSE
bit of the OPTION register. Counter mode is selected by
setting the TOCS bit of the OPTION register to ‘1".

TIMERO/WDT PRESCALER BLOCK DIAGRAM

Fosc/a

3:  WDTE bit is in the Configuration Word Register1.

Data Bus
0
8
Y 1 \J
Sync -
1 1 2 Tey > TMRO
TOCKI 0 <l
pin
TOCS b Set Flag bit TOIF
TOSE P 8 b'tl on Overflow
rescaler PSA
b
8
WDTE PSA
SWDTEN —
PS<2:0> 1
| WDT
16-bit Time-out
0
Prescaler 16
31 kHz Watchdog /‘
INTOSC Timer PSA
WDTPS<3:0>

Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION register.
2:  SWDTEN and WDTPS<3:0> are bits in the WDTCON register.

© 2006-2015 Microchip Technology Inc.
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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.
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REGISTER 9-2: ADCON1: A/D CONTROL REGISTER 1

R/W-0 U-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0
ADFM — VCFG1 VCFGO — — — =
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 ADFM: A/D Conversion Result Format Select bit

1 = Right justified
0 = Left justified

bit 6 Unimplemented: Read as ‘0’
bit 5 VCFG1: Voltage Reference bit
1 = VREF- pin
0=Vss
bit 4 VCFGO: Voltage Reference bit
1 = VREF+ pin
0 =VDD
bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 9-3: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =0

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES9 | ADRES8 | ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2
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 ADRES<9:2>: ADC Result Register bits

Upper eight bits of 10-bit conversion result

REGISTER 9-4: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =0

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRESL | ADRESO | — | — | — | — | — | —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 ADRES<1:0>: ADC Result Register bits

Lower two bits of 10-bit conversion result
bit 5-0 Reserved: Do not use.

REGISTER 9-5: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =1

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — — — — | — | ADRES9 ADRESS8

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 7-2 Reserved: Do not use.
bit 1-0 ADRES<9:8>: ADC Result Register bits

Upper two bits of 10-bit conversion result

REGISTER 9-6: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =1

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES7 | ADRES6 | ADRES5 | ADRES4 | ADRES3 | ADRES2 | ADRESL ADRESO
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 ADRES<7:0>: ADC Result Register bits

Lower eight bits of 10-bit conversion result
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9.3 A/D Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHoLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 9-4. The source

an A/D acquisition must be done before the conversion
can be started. To calculate the minimum acquisition
time, Equation9-1 may be used. This equation
assumes that 1/2 LSb error is used (1024 steps for the
ADC). The 1/2 LSb error is the maximum error allowed
for the ADC to meet its specified resolution.

impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge the
capacitor CHoLD. The sampling switch (Rss) impedance
varies over the device voltage (VDD), see Figure 9-4.
The maximum recommended impedance for analog
sources is 10 kQ. As the source impedance is
decreased, the acquisition time may be decreased.
After the analog input channel is selected (or changed),

EQUATION 9-1: ACQUISITION TIME EXAMPLE

Assumptions: ~Temperature = 50°C and external impedance of 10k$2 5.0V VDD

Taco = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
Tamp + TC + TCOFF
= 2us + TC + [(Temperature - 25°C)(0.05us/°C)]

The value for TC can be approximated with the following equations:

VAPPLIED(] - %) = Vcuorp ;[1] VCHOLD charged to within 1/2 Isb
(2 )—1

TG
VAPPLIED(] — eRCJ = VcHOLD ;[2] VCHOLD charge response to VAPPLIED

—T

RC 1 ) .
VAPPLIED(] —e = VAPPLIED(] - ) ;combining [1] and [2]

(20 )-1

Solving for TC:

Tc = —CHoLp(RIC + RSS + RS) In(1/2047)
= —[0pF(1k2+ 7kQ2+ 10k€2) In(0.0004885)

= 1.37us
Therefore:
TacQ = 2MS + 1.37MS + [(50°C- 25°C)(0.05Mms/°C)]
= 4.67MS

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
leakage specification.

© 2006-2015 Microchip Technology Inc.
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TABLE 9-2: SUMMARY OF ASSOCIATED ADC REGISTERS

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bito | Register

on Page

ADCONO ADCS1 | ADCSO | CHS3 CHS2 CHsS1 CHSO GO/DONE | ADON 104
ADCON1 ADFM — VCFG1 | VCFGO — — — — 105
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 41
ANSELH — — ANS13 | ANS12 | ANS11 | ANS10 ANS9 ANS8 49
ADRESH A/D Result Register High Byte 106
ADRESL A/D Result Register Low Byte 106
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE TMR2IE TMR1IE 33
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF TMR2IF TMR1IF 35
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 40
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 49
PORTE — — — — RE3 RE2 RE1 REO 60
TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 TRISA1 TRISAO 40
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 TRISB1 TRISBO 49
TRISE — — — — TRISE3 | TRISE2 TRISE1 TRISEO 60
Legend: x =unknown, u = unchanged, —= unimplemented read as ‘0’. Shaded cells are not used for ADC module.

© 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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REGISTER DEFINITIONS: CCP CONTROL
REGISTER 11-1: CCP1CON: ENHANCED CCP1 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PiM. | PimMo | DCiBI | DCIBO | CCPIM3 | CCPIM2 | CCPIML | CCPIMO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 P1M<1:0>: PWM Output Configuration bits

If CCP1M<3:2> =00, 01, 10:

xx = P1A assigned as Capture/Compare input; P1B, P1C, P1D assigned as port pins

If CCP1M<3:2>=11:

00 = Single output; P1A modulated; P1B, P1C, P1D assigned as port pins

01 = Full-Bridge output forward; P1D modulated; P1A active; P1B, P1C inactive

10 = Half-Bridge output; P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins
11 = Full-Bridge output reverse; P1B modulated; P1C active; P1A, P1D inactive

bit 5-4 DC1B<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 CCPR1L.

bit 3-0 CCP1M<3:0>: ECCP Mode Select bits

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

0001 = Unused (reserved)

0010 = Compare mode, toggle output on match (CCP1IF bit is set)

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 (CCP1IF bit is set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is
unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1 or TMR2

1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high

1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low

1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high

1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low

DS40001291H-page 122 © 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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13.3.3 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave is to broadcast data by the software
protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
a normal received byte (interrupts and Status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

FIGURE 13-2:

The clock polarity is selected by appropriately program-
ming the CKP bit of the SSPCON register. This, then,
would give waveforms for SPlI communication as
shown in Figure 13-2, Figure 13-4 and Figure 13-5,
where the MSb is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user programmable to be one
of the following:

» Foscl/4 (or Tcy)

» Fosc/16 (or 4 « Tcy)
» Fosc/64 (or 16 « Tcy)
» Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 13-2 shows the waveforms for Master mode.
When the CKE bit of the SSPSTAT register is set, the
SDO data is valid before there is a clock edge on SCK.
The change of the input sample is shown based on the
state of the SMP bit of the SSPSTAT register. The time
when the SSPBUF is loaded with the received data is
shown.

SPI MODE WAVEFORM (MASTER MODE)

Write to

SSPBUF i

SCK
(CKP =0
CKE = 0)
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(CKP=1

CKE = 0)

4 Clock
Modes
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1°C™ MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 13-16:
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13.4.16.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is
sampled low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0" (Figure 13-26). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 13-27).

FIGURE 13-26: BUS COLLISION DURING A STOP CONDITION (CASE 1)

| Tero TBRG | TBRG | SDA sampled
low after TBRG,
_______________ set BCLIF
SDA
!
SDA asserted low
SCL
PEN 4 L
BCLIF
P 0
SSPIF 0
FIGURE 13-27: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG ‘ TBRG ‘
SDA
T Assert SDA SCL goes low before SDA goes high,
set BCLIF
\
PEN 4 L
BCLIF
P 0
SSPIF 0
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13.4.17 SSP MASK REGISTER This register must be initiated prior to setting
An SSP Mask (SSPMSK) register is available in 12C SSPM<3:0> bhits to select the I“C Slave mode (7-bit or

Slave mode as a mask for the value held in the 10-bit address).

SSPSR register during an address comparison This register can only be accessed when the appropriate
operation. A zero (‘0") bit in the SSPMSK register has mode is selected by bits (SSPM<3:0> of SSPCON).
the effect of making the corresponding bit in the The SSP Mask register is active during:

SSPSR register a “don’t care”. .
» 7-bit Address mode: address compare of A<7:1>.

» 10-bit Address mode: address compare of A<7:0>
only. The SSP mask has no effect during the
reception of the first (high) byte of the address.

This register is reset to all ‘l's upon any Reset
condition and, therefore, has no effect on standard
SSP operation until written with a mask value.

REGISTER 13-4: SSPMSK: SSP MASK REGISTER()

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSK0@
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 7-1 MSK<7:1>: Mask bits

1 = The received address bit n is compared to SSPADD<n> to detect 12C address match
0 = The received address bit n is not used to detect 1°C address match
bit O MSK<0>: Mask bit for 12C Slave mode, 10-bit Address(®

I2C Slave mode, 10-bit Address (SSPM<3:0> = 0111):
1 = The received address bit 0 is compared to SSPADD<0> to detect I°C address match
0 = The received address bit 0 is not used to detect I2C address match

Note 1. When SSPCON bits SSPM<3:0> = 1001, any reads or writes to the SSPADD SFR address are accessed
through the SSPMSK register.

2: In all other SSP modes, this bit has no effect.
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14,5 Watchdog Timer (WDT)

The WDT has the following features:

» Operates from the LFINTOSC (31 kHz)

» Contains a 16-bit prescaler

» Shares an 8-bit prescaler with Timer0

» Time-out period is from 1 ms to 268 seconds
« Configuration bit and software controlled

WDT is cleared under certain conditions described in
Table 14-7.

1451 WDT OSCILLATOR

The WDT derives its time base from the 31 kHz
LFINTOSC. The LTS hit of the OSCCON register does
not reflect that the LFINTOSC is enabled.

The value of WDTCON is - --0 1000’ on all Resets.
This gives a nominal time base of 17 ms.

Note:  When the Oscillator Start-up Timer (OST)
is invoked, the WDT is held in Reset,
because the WDT Ripple Counter is used
by the OST to perform the oscillator delay
count. When the OST count has expired,
the WDT will begin counting (if enabled).

1452 WDT CONTROL

The WDTE bit is located in the Configuration Word
Register 1. When set, the WDT runs continuously.

When the WDTE bit in the Configuration Word
Register 1 is set, the SWDTEN bit of the WDTCON
register has no effect. If WDTE is clear, then the
SWDTEN bit can be used to enable and disable the
WDT. Setting the bit will enable it and clearing the bit
will disable it.

The PSA and PS<2:0> bits of the OPTION register
have the same function as in previous versions of the
PIC16F882/883/884/886/887 family of microcontrol-
lers. See Section 5.0 “Timer0 Module” for more
information.

LFINTOSC Clock }

WDTE from the Configuration Word Register 1 ¢
SWDTEN from WDTCON

Note 1: Thisis the shared TimerO/WDT prescaler. See Section 5.1.3 “Software Programmable Prescaler” for more information.

FIGURE 14-9: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
Prescaler®
—| 16-bit WDT Prescaler l—q
PSA \______/—ps<0>
31 kHz WDTPS<3:0>
0 1

PSA

WDT Time-out

TABLE 14-7:  WDT STATUS

Conditions

WDT

WDTE =0

Cleared

CLRWDT Command

Oscillator Fail Detected

Exit Sleep + System Clock = TLOSC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST
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15.0 INSTRUCTION SET SUMMARY

The PIC16F882/883/884/886/887 instruction set is
highly orthogonal and is comprised of three basic
categories:

» Byte-oriented operations
 Bit-oriented operations
 Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 15-1, while the various opcode
fields are summarized in Table 15-1.

Table 15-2 lists the instructions recognized by the
MPASM™ assembler.

For byte-oriented instructions, ‘f' represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the resultis placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator, which selects the bit affected by the
operation, while ‘' represents the address of the file in
which the bit is located.

For literal and control operations, 'k’ represents an
8-bit or 11-bit constant, or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 us. All instructions are
executed within a single instruction cycle, unless a
conditional test is true, or the program counter is
changed as a result of an instruction. When this occurs,
the execution takes two instruction cycles, with the
second cycle executed as a NOP.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

15.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (RMW)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a CLRF PORTA instruction will read
PORTA, clear all the data bits, then write the result back
to PORTA. This example would have the unintended
consequence of clearing the condition that set the RAIF
flag.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Field Description

f | Register file address (0x00 to Ox7F)
W | Working register (accumulator)
b
k

Bit address within an 8-bit file register

Literal field, constant data or label

x | Don't care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.
d | Destination select; d = O: store result in w,

d = 1: store result in file register f.
Defaultisd = 1.

PC | Program Counter

TO | Time-out bit

C | Carry bit
DC | Digit carry bit
Zero bit

PD | Power-down bit

FIGURE 15-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 76 0
OPCODE |b (BIT #)| f (FILE #)

3-bit bit address
7-bit file register address

b=
f=
Literal and control operations
General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTOinstructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value
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TABLE 17-11: PIC16F882/883/884/886/887 A/D CONVERSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C

Pilrglm Sym. Characteristic Min. Typt Max. | Units Conditions
AD130* |TaD  |A/D Clock Period 1.6 — 9.0 us |Tosc-based, VREF > 3.0V
3.0 — 9.0 us |Tosc-based, VREF full range
A/D Internal RC ADCS<1:0> =11 (ADRC mode)
Oscillator Period 3.0 6.0 9.0 us |AtVDD = 2.5V
1.6 4.0 6.0 us |AtVpD = 5.0V
AD131 |Tcnv |Conversion Time — 11 — TAD |Set GO/DONE bit to new data in A/D
(not including Result register
Acquisition Time)®)
AD132* | TACQ |Acquisition Time 115 — us
AD133* | TamMP |Amplifier Settling Time| — — 5 us
AD134 |Tco |Q4to A/D Clock Start | — Tosc/2 — —
— |Tosc/2 + Tey| — — |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.

* 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: ADRESH and ADRESL registers may be read on the following Tcy cycle.
2: See Section 9.3 “A/D Acquisition Requirements” for minimum conditions.
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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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44-Lead 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
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