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241 CONSIDERATIONS FOR CERAMIC
CAPACITORS

In recent years, large value, low-voltage, surface-mount
ceramic capacitors have become very cost effective in
sizes up to a few tens of microfarad. The low-ESR, small
physical size and other properties make ceramic
capacitors very attractive in many types of applications.

Ceramic capacitors are suitable for use with the inter-
nal voltage regulator of this microcontroller. However,
some care is needed in selecting the capacitor to
ensure that it maintains sufficient capacitance over the
intended operating range of the application.

Typical low-cost, 10 uF ceramic capacitors are available
in X5R, X7R and Y5V dielectric ratings (other types are
also available, but are less common). The initial toler-
ance specifications for these types of capacitors are
often specified as +10% to +20% (X5R and X7R), or
-20%/+80% (Y5V). However, the effective capacitance
that these capacitors provide in an application circuit will
also vary based on additional factors, such as the
applied DC bias voltage and the temperature. The total
in-circuit tolerance is, therefore, much wider than the
initial tolerance specification.

The X5R and X7R capacitors typically exhibit satisfac-
tory temperature stability (ex: £15% over a wide
temperature range, but consult the manufacturer's data
sheets for exact specifications). However, Y5V capaci-
tors typically have extreme temperature tolerance
specifications of +22%/-82%. Due to the extreme
temperature tolerance, a 10 uF nominal rated Y5V type
capacitor may not deliver enough total capacitance to
meet minimum internal voltage regulator stability and
transient response requirements. Therefore, Y5V
capacitors are not recommended for use with the
internal regulator if the application must operate over a
wide temperature range.

In addition to temperature tolerance, the effective
capacitance of large value ceramic capacitors can vary
substantially, based on the amount of DC voltage
applied to the capacitor. This effect can be very signifi-
cant, but is often overlooked or is not always
documented.

A typical DC bias voltage vs. capacitance graph for
X7R type and Y5V type capacitors is shown in
Figure 2-4.

FIGURE 2-4: DC BIAS VOLTAGE vs.
CAPACITANCE
CHARACTERISTICS
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When selecting a ceramic capacitor to be used with the
internal voltage regulator, it is suggested to select a
high-voltage rating, so that the operating voltage is a
small percentage of the maximum rated capacitor volt-
age. For example, choose a ceramic capacitor rated at
16V for the 2.5V core voltage. Suggested capacitors
are shown in Table 2-1.

2.5 ICSP Pins

The PGC and PGD pins are used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes. It
is recommended to keep the trace length between the
ICSP connector and the ICSP pins on the device as
short as possible. If the ICSP connector is expected to
experience an ESD event, a series resistor is recom-
mended, with the value in the range of a few tens of
ohms, not to exceed 100Q.

Pull-up resistors, series diodes and capacitors on the
PGC and PGD pins are not recommended as they will
interfere with the programmer/debugger communica-
tions to the device. If such discrete components are an
application requirement, they should be removed from
the circuit during programming and debugging. Alter-
natively, refer to the AC/DC characteristics and timing
requirements information in the respective device
Flash programming specification for information on
capacitive loading limits, and pin input voltage high
(ViH) and input low (VIL) requirements.

For device emulation, ensure that the “Communication
Channel Select” (i.e., PGCx/PGDx pins), programmed
into the device, matches the physical connections for
the ICSP to the Microchip debugger/emulator tool.

For more information on available Microchip
development tools connection requirements, refer to
Section 30.0 “Development Support”.
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3.5 External Oscillator Modes

3.5.1 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS (HS MODES)

In HS or HSPLL Oscillator modes, a crystal or ceramic
resonator is connected to the OSC1 and OSC2 pins to
establish oscillation. Figure 3-4 shows the pin
connections.

The oscillator design requires the use of a crystal rated
for parallel resonant operation.

Note:  Use of a crystal rated for series resonant
operation may give a frequency out of the
crystal manufacturer’s specifications.

CAPACITOR SELECTION FOR
CERAMIC RESONATORS

TABLE 3-2:

Typical Capacitor Values Used:

Mode Freq. OoscC1 0osc2
HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application. Refer
to the following application notes for oscillator-specific
information:

« ANS588, “PIC® Microcontroller Oscillator Design
Guide”

* ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC® and PIC® Devices”

+ ANB849, “Basic PIC® Oscillator Design”

« AN943, “Practical PIC® Oscillator Analysis and
Design”

* AN949, “Making Your Oscillator Work”

See the notes following Table 3-3 for additional
information.

TABLE 3-3: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
I Typical Capacitor Values
Crysta Tested:
Osc Type Freq.
C1 Cc2
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

Refer to the Microchip application notes cited in
Table 3-2 for oscillator specific information. Also see
the notes following this table for additional
information.

Note 1: Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external components.

3: Rs may be required to avoid overdriving
crystals with low drive level specification.

4: Always verify oscillator performance over
the VDD and temperature range that is

expected for the application.

FIGURE 3-4: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS OR HSPLL
CONFIGURATION)
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Note 1: See Table 3-2 and Table 3-3 for initial values of
C1 and C2.

2: A series resistor (RS) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.
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4.6 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 4.2 “Run Modes”, Section 4.3
“Sleep Mode” and Section 4.4 “Idle Modes”).

4.6.1 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit from an Idle mode or Sleep mode to a
Run mode. To enable this functionality, an interrupt
source must be enabled by setting its enable bit in one
of the INTCONX or PIEx registers. The exit sequence is
initiated when the corresponding interrupt flag bit is set.

On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the GIE/
GIEH bit (INTCON<7>) is set. Otherwise, code execu-
tion continues or resumes without branching (see
Section 10.0 “Interrupts”).

46.2 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section4.2 “Run
Modes” and Section 4.3 “Sleep Mode"). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 28.2 “Watchdog
Timer (WDT)").

Executing a SLEEP or CLRWDT instruction clears the
WDT timer and postscaler, loses the currently selected
clock source (if the Fail-Safe Clock Monitor is enabled)
and modifies the IRCFx bits in the OSCCON register (if
the internal oscillator block is the device clock source).

4.6.3 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock becomes
ready. At that time, the OSTS bit is set and the device
begins executing code. If the internal oscillator block is
the new clock source, the HFIOFS/MFIOFS bits are set
instead.

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up, and the type of oscillator, if the
new clock source is the primary clock. Exit delays are
summarized in Table 4-4.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 28.4 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 28.5 “Fail-Safe Clock
Monitor”) is enabled, the device may begin execution
as soon as the Reset source has cleared. Execution is
clocked by the INTOSC multiplexer driven by the inter-
nal oscillator block. Execution is clocked by the internal
oscillator block until either the primary clock becomes
ready or a power-managed mode is entered before the
primary clock becomes ready; the primary clock is then
shut down.

46.4 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

Certain exits from power-managed modes do not
invoke the OST at all. The two cases are:

* When in PRI_IDLE mode, where the primary
clock source is not stopped

* When the primary clock source is not any of the
LP, XT, HS or HSPLL modes

In these instances, the primary clock source either
does not require an oscillator start-up delay, since it is
already running (PRI_IDLE), or normally, does not
require an oscillator start-up delay (RC, EC and INTIO
Oscillator modes). However, a fixed delay of interval,
Tcsp, following the wake event is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.
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7.4 Erasing Flash Program Memory

The erase blocks are 32 words or 64 bytes.
Word erase in the Flash array is not supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased. The
TBLPTR<5:0> bits are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.

7.41 FLASH PROGRAM MEMORY
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load the Table Pointer register with the address
of row to be erased.

2. Setthe EECON1 register for the erase operation:

+ Set the EEPGD bit to point to program memory

» Clear the CFGS bit to access program memory

» Set the WREN bit to enable writes

» Set the FREE bit to enable the erase

Disable the interrupts.

Write 55h to EECONZ2.

Write 0AAh to EECONZ2.

Set the WR bit.

This begins the row erase cycle.

The CPU will stall for the duration of the erase
for Tiw. (See Parameter D133A.)

7. Re-enable interrupts.

o0k

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW  CODE_ADDR_UPPER ; load TBLPTR with the base
MOWF  TBLPTRU address of the nenory bl ock
MOVLW  CODE_ADDR_HI GH
MOVWF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAF  TBLPTRL
ERASE_ROW

BSF EECON1, EEPGD point to Flash program nenory
BCF EECON1, CFGS ; access Flash program nenory
BSF EECON1, WREN ; enable wite to nmenory
BSF EECON1, FREE ; enabl e Row Erase operation
BCF INTCON, G E di sable interrupts

Requi r ed MOVLW  55h

Sequence MOVWF  EECON2 wite 55h
MOVLW  OAAh
MOVWF  EECON2 ; wite OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, G E re-enable interrupts
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REGISTER 10-8: PIR5: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 5

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IRXIF WAKIF ERRIF TXB2IF TXB1IF TXBOIF RXB1IF RXBOIF/
FIFOFIF
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 IRXIF: Invalid Message Received Interrupt Flag bits

1 = Aninvalid message occurred on the CAN bus
0 = No invalid message occurred on the CAN bus
bit 6 WAKIF: Bus Wake-up Activity Interrupt Flag bit
1 = Activity on the CAN bus has occurred
0 = No activity on the CAN bus
bit 5 ERRIF: Error Interrupt Flag bit (Multiple sources in COMSTAT register)
1 = An error has occurred in the CAN module (multiple sources)
0 = No CAN module errors have occurred
bit 4 TXB2IF: Transmit Buffer 2 Interrupt Flag bit
1 = Transmit Buffer 2 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 2 has not completed transmission of a message
bit 3 TXB1IF: Transmit Buffer 1 Interrupt Flag bit
1 = Transmit Buffer 1 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 1 has not completed transmission of a message
bit 2 TXBOIF: Transmit Buffer O Interrupt Flag bit
1 = Transmit Buffer 0 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 0 has not completed transmission of a message
bit 1 RXB1IF: Receive Buffer 1 Interrupt Flag bit

Mode O:

1 = CAN Receive Buffer 1 has received a new message

0 = CAN Receive Buffer 1 has not received a new message

Modes 1 and 2:

1 = A CAN Receive Buffer/FIFO has received a new message

0 = A CAN Receive Buffer/FIFO has not received a new message
bit 0 Bit operation is dependent on the selected mode:

Mode O:

RXBOIF: Receive Buffer 0 Interrupt Flag bit

1 = CAN Receive Buffer 0 has received a new message

0 = CAN Receive Buffer 0 has not received a new message

Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOFIF: FIFO Full Interrupt Flag bit

1 = FIFO has reached full status as defined by the FIFO_HF bit

0 = FIFO has not reached full status as defined by the FIFO_HF bit
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REGISTER 10-13: PIE5: PERIPHERAL INTERRUPT ENABLE REGISTER 5

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IRXIE WAKIE ERRIE TXB2IE TXB1IE TXBOIE RXB1IE RXBOIE/
FIFOFIE
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 IRXIE: Invalid Message Received Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 6 WAKIE: Bus Wake-up Activity Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 5 ERRIE: Error Interrupt Flag bit (multiple sources in the COMSTAT register)
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 4 TXB2IE: Transmit Buffer 2 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 3 TXBL1IE: Transmit Buffer 1 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 2 TXBOIE: Transmit Buffer 0 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 1 RXB1IE: Receive Buffer 1 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 0 Bit operation is dependent on the selected mode:

Mode 0:

RXBOIE: Receive Buffer 0 Interrupt Flag bit
1 = Interrupt is enabled

0 = Interrupt is disabled

Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOFIE: FIFO Full Interrupt Flag bit

1 = Interrupt is enabled

0 = Interrupt is disabled

© 2010-2012 Microchip Technology Inc.
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10.6 INTx Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1,
RB2/INT2 and RB3/INT3 pins are edge-triggered. If the
corresponding INTEDGx bit in the INTCON2 register is
set (= 1), the interrupt is triggered by a rising edge. If
that bit is clear, the trigger is on the falling edge.

When a valid edge appears on the RBx/INTx pin, the
corresponding flag bit, INTxIF, is set. This interrupt can
be disabled by clearing the corresponding enable bit,
INTXIE. Before re-enabling the interrupt, the flag bit
(INTxIF) must be cleared in software in the Interrupt
Service Routine.

All external interrupts (INTO, INT1, INT2 and INT3) can
wake up the processor from the power-managed
modes, if bit, INTxIE, was set prior to going into the
power-managed modes. If the Global Interrupt Enable
bit (GIE) is set, the processor will branch to the interrupt
vector following wake-up.

The interrupt priority for INT1, INT2 and INT3 is
determined by the value contained in the Interrupt
Priority  bits, INT1IP  (INTCON3<6>), INT2IP
(INTCON3<7>) and INT3IP (INTCON2<1>).

There is no priority bit associated with INTO; it is always
a high-priority interrupt source.

10.7 TMRO Interrupt

In 8-bit mode (the default), an overflow in the TMRO
register (FFh — 00h) will set flag bit, TMROIF. In 16-bit
mode, an overflow in the TMROH:TMROL register pair
(FFFFh — 0000h) will set TMROIF.

The interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE (INTCON<5>). Interrupt priority for
TimerO is determined by the value contained in the inter-
rupt priority bit, TMROIP (INTCON2<2>). For further
details on the TimerO module, see Section 13.0 “ Timer0
Module”.

10.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>), and
each individual pin can be enabled/disabled by its
corresponding bit in the IOCB register.

Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

REGISTER 10-20: IOCB: INTERRUPT-ON-CHANGE PORTB CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 uU-0 u-0
loce7® locBe™®) loces® | 10cB4W — — — —
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 I0CB<7:4>: Interrupt-on-Change PORTB Control bits()

1 = Interrupt-on-change is enabled
0 = Interrupt-on-change is disabled

bit 3-0 Unimplemented: Read as ‘0’

Note 1: Interrupt-on-change also requires that the RBIE bit of the INTCON register be set.
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In addition to the expanded range of modes available
through the CCP1CON and ECCP1AS registers, the
ECCP module has two additional registers associated
with Enhanced PWM operation and auto-shutdown
features. They are:

+ ECCP1DEL — Enhanced PWM Control
* PSTR1CON - Pulse Steering Control

20.1 ECCP Outputs and Configuration

The Enhanced CCP module may have up to four PWM
outputs, depending on the selected operating mode.
The CCP1CON register is modified to allow control
over four PWM outputs: ECCP1/P1A, P1B, P1C and
P1D. Applications can use one, two or four of these
outputs.

The outputs that are active depend on the ECCP
operating mode selected. The pin assignments are
summarized in Table 20-2.

To configure the I/O pins as PWM outputs, the proper
PWM mode must be selected by setting the P1M<1:0>
and CCP1M<3:0> bits. The appropriate TRIS direction
bits for the port pins must also be set as outputs.

20.1.1 ECCP MODULE AND TIMER
RESOURCES

The ECCP modules use Timers, 1, 2, 3 and 4, depend-
ing on the mode selected. These timers are available to
CCP modules in Capture, Compare or PWM modes, as
shown in Table 20-1.

TABLE 20-1: ECCP MODE - TIMER
RESOURCE

ECCP Mode Timer Resource

Capture Timer1 or Timer3

Compare Timer1 or Timer3

PWM Timer2 or Timer4

The assignment of a particular timer to a module is
determined by the Timer to ECCP enable bits in the
CCPTMRS register (Register 20-2). The interactions
between the two modules are depicted in Figure 20-1.
Capture operations are designed to be used when the
timer is configured for Synchronous Counter mode.
Capture operations may not work as expected if the
associated timer is configured for Asynchronous Counter
mode.

20.2 Capture Mode

In Capture mode, the CCPR1H:CCPR1L register pair
captures the 16-bit value of the TMR1 or TMRS3
registers when an event occurs on the corresponding
ECCP1 pin. An event is defined as one of the following:

» Every falling edge

» Every rising edge

» Every fourth rising edge

« Every 16" rising edge

The event is selected by the mode select bits,
CCP1M<3:0> (CCP1CON<3:0>). When a capture is
made, the interrupt request flag bit, CCP1IF, is set
(PIR3<1>). The flag must be cleared by software. If
another capture occurs before the value in the

CCPR1HIL register is read, the old captured value is
overwritten by the new captured value.

20.2.1 ECCP PIN CONFIGURATION

In Capture mode, the appropriate ECCP1 pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note:  If the ECCP1 pin is configured as an out-
put, a write to the port can cause a capture
condition.
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20.3 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the Timer register pair
value selected in the CCPTMR1 register. When a
match occurs, the ECCP1 pin can be:

» Driven high

* Driven low

» Toggled (high-to-low or low-to-high)

» Unchanged (that is, reflecting the state of the 1/0
latch)

The action on the pin is based on the value of the mode
select bits (CCP1M<3:0>). At the same time, the
interrupt flag bit, CCP1IF, is set.

20.3.1 ECCP PIN CONFIGURATION

Users must configure the ECCP1 pin as an output by
clearing the appropriate TRIS bit.

Note:  Clearing the CCP1CON register will force
the ECCP1 compare output latch
(depending on device configuration) to the
default low level. This is not the port I/O

20.3.2 TIMER1/2/3/4 MODE SELECTION

Timer1, 2, 3 or 4 must be running in Timer mode or
Synchronized Counter mode if the ECCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation will not work reliably.

20.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCP1M<3:0> = 1010), the ECCP1 pin is not affected;
only the CCP1IF interrupt flag is affected.

20.3.4 SPECIAL EVENT TRIGGER

The ECCP module is equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode to trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode
(CCP1M<3:0> = 1011).

The Special Event Trigger resets the Timer register pair
for whichever timer resource is currently assigned as the
module’s time base. This allows the CCPR1 registers to
serve as a programmable Period register for either timer.

data latch. The Special Event Trigger can also start an A/D conver-
sion. In order to do this, the A/D Converter must
already be enabled.
FIGURE 20-2: COMPARE MODE OPERATION BLOCK DIAGRAM
o TMRIH | TMRIL |
1 TMR3H | TMR3L |
C1TSELO ] Spgcial Event Trigger )
C‘ITSEL‘I{>—‘ (Timer1/Timer3 Reset, A/D Trigger)
C1TSEL2
@ Set CCP1IF ECCP1 Pin
N
| Comparator lcl?ﬂrzz:ire (IJ_L(I)tpizt S Q {X|
9 R
TRIS
| ccPriH | cepriL 4 Output Enable

CCP1CON<3:0>
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REGISTER 20-5: PSTR1CON: PULSE STEERING CONTROL®

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1
CMPLA1 CMPLO — STRSYNC 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 7-6 CMPL<1:0>: Complementary Mode Output Assignment Steering Sync bits

00 = See STR<D:A>.
01 = PA and PB are selected as the complementary output pair
10 = PA and PC are selected as the complementary output pair
11 = PA and PD are selected as the complementary output pair
bit 5 Unimplemented: Read as ‘0’
bit 4 STRSYNC: Steering Sync bit
1 = Output steering update occurs on the 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 CCP1M<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 CCP1M<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 CCP1M<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 CCP1M<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.
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REGISTER 21-2: SSPCON1: MSSP CONTROL REGISTER 1 (SPI MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL | sspov® | SSPEN® CKP ssPM3® | sspm2® | sspm1® | sspmo®
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

bit 6

bit 5

bit 4

bit 3-0

Note 1:

WCOL: Write Collision Detect bit

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

SSPOV: Receive Overflow Indicator bit(?)

SPI Slave mode:

1 = Anew byte is received while the SSPBUF register is still holding the previous data. In case of over-
flow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPBUF, even if only transmitting data, to avoid setting overflow (must be cleared in software).

0 = No overflow

SSPEN: Master Synchronous Serial Port Enable bit(?)

1 = Enables the serial port and configures SCK, SDO, SDI and SS as serial port pins
0 = Disables the serial port and configures these pins as I/O port pins

CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level

0 = Idle state for clock is a low level

SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(®)

1010 = SPI Master mode: clock = Fosc/8 o

0101 = SPI Slave mode: clock = SCK pin; SS pin control disabled; SS can be used as I/O pin
0100 = SPI Slave mode: clock = SCK pin; SS pin control enabled

0011 = SPI Master mode: clock = TMR2 output/2

0010 = SPI Master mode: clock = Fosc/64

0001 = SPI Master mode: clock = FOsc/16

0000 = SPI Master mode: clock = Fosc/4

In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by
writing to the SSPBUF register.

When enabled, these pins must be properly configured as inputs or outputs.
Bit combinations not specifically listed here are either reserved or implemented in I°C mode only.
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21.4.2 OPERATION

The MSSP module functions are enabled by setting the
MSSP Enable bit, SSPEN (SSPCON1<5>).

The SSPCON1 register allows control of the I°C
operation. Four mode selection bits (SSPCON1<3:0>)
allow one of the following I2C modes to be selected:

+ 1?C Master mode, clock
« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled

« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled

+ 12C Firmware Controlled Master mode, slave is
Idle

Selection of any I2C mode with the SSPEN bit set
forces the SCL and SDA pins to be open-drain,
provided these pins are programmed as inputs by
setting the appropriate TRISC bit. To ensure proper
operation of the module, pull-up resistors must be
provided externally to the SCL and SDA pins.

2143 SLAVE MODE

In Slave mode, the SCL and SDA pins must be
configured as inputs (TRISC<4:3> set). The MSSP
module will override the input state with the output data
when required (slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an address match. Address masking will
allow the hardware to generate an interrupt for more
than one address (up to 31 in 7-bit addressing and up
to 63 in 10-bit addressing). Through the mode select
bits, the user can also choose to interrupt on Start and
Stop bits.

When an address is matched, or the data transfer after
an address match is received, the hardware auto-
matically will generate the Acknowledge (ACK) pulse
and load the SSPBUF register with the received value
currently in the SSPSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

» The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

» The overflow bit, SSPOV (SSPCON1<6>), was
set before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit, SSPIF, is set. The BF bit is
cleared by reading the SSPBUF register, while bit,
SSPOV, is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I°C specification, as well as the requirement of the
MSSP module, are shown in timing Parameter 100 and
Parameter 101.

21.4.3.1 Addressing

Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the 8 bits are shifted into the SSPSR register. All incom-
ing bits are sampled with the rising edge of the clock
(SCL) line. The value of register, SSPSR<7:1>, is com-
pared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. The MSSP Interrupt Flag bit, SSPIF, is set (and
interrupt is generated, if enabled) on the falling
edge of the ninth SCL pulse.

w

In 10-Bit Addressing mode, two address bytes need to
be received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. The R/W (SSPSTAT<2>) bit must specify a
write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘11110 A9 A8 0’, where ‘A9’ and ‘A8’ are the
two MSbs of the address. The sequence of events for
10-bit addressing is as follows, with Steps 7 through 9
for the slave-transmitter:

1. Receive first (high) byte of address (bits, SSPIF,
BF and UA, are set on address match).

2. Update the SSPADD register with second (low)
byte of address (clears bit, UA, and releases the
SCL line).

3. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.

4. Receive second (low) byte of address (bits,
SSPIF, BF and UA, are set).

5. Update the SSPADD register with the first (high)
byte of address. If match releases SCL line, this
will clear bit, UA.

6. Read the SSPBUF register (clears bit, BF) and
clear flag bit SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits, SSPIF
and BF, are set).

9. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.
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0 (RECEPTION, 7-BIT ADDRESS)

I°C™ SLAVE MODE TIMING WITH SEN

FIGURE 21-8:
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2144 CLOCK STRETCHING

Both 7-Bit and 10-Bit Slave modes implement
automatic clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

21.4.4.1 Clock Stretching for 7-Bit Slave
Receive Mode (SEN = 1)

In 7-Bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPCON1 register is
automatically cleared, forcing the SCL output to be
held low. The CKP bit being cleared to ‘0’ will assert
the SCL line low. The CKP bit must be set in the user’s
ISR before reception is allowed to continue. By holding
the SCL line low, the user has time to service the ISR
and read the contents of the SSPBUF before the
master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see
Figure 21-15).

Note 1: If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2: The CKP bit can be set in software,
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow
condition.

21.44.2 Clock Stretching for 10-Bit Slave
Receive Mode (SEN = 1)

In 10-Bit Slave Receive mode, during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0’. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note:  If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs, and if
the user hasn’t cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a data
sequence, not an address sequence.

21.4.4.3  Clock Stretching for 7-Bit Slave
Transmit Mode

The 7-Bit Slave Transmit mode implements clock
stretching by clearing the CKP bit after the falling edge
of the ninth clock if the BF bit is clear. This occurs
regardless of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 21-10).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge
of the ninth clock, the CKP bit will not be
cleared and clock stretching will not
occur.

2. The CKP bit can be set in software
regardless of the state of the BF bit.

21.4.4.4  Clock Stretching for 10-Bit Slave
Transmit Mode

In 10-Bit Slave Transmit mode, clock stretching is
controlled during the first two address sequences by
the state of the UA bit, just as it is in 10-Bit Slave
Receive mode. The first two addresses are followed
by a third address sequence, which contains the
high-order bits of the 10-bit address and the R/W bit
set to ‘1’. After the third address sequence is
performed, the UA bit is not set, the module is now
configured in Transmit mode and clock stretching is
controlled by the BF flag as in 7-Bit Slave Transmit
mode (see Figure 21-13).
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TABLE 22-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP | CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG1 EUSART1 Transmit Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCONT1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG2 EUSART2 Transmit Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD | CCP50D | CCP40OD | CCP30OD | CCP20D | CCP10D u20D uU10D
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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22.5 EUSARTx Synchronous e)

Slave Mode

If enable bit, TXxIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
Synchronous Slave mode is entered by clearing bit, vector.
CSRC (TXSTAx<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CKx pin (instead of being supplied 1.
internally in Master mode). This allows the device to

transfer or receive data while in any low-power mode.

To set up a Synchronous Slave Transmission:

Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

Clear bits, CREN and SREN.

If interrupts are desired, set enable bit, TXxIE.
If 9-bit transmission is desired, set bit, TX9.
Enable the transmission by setting enable bit,
TXEN.

If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

22.5.1 EUSARTx SYNCHRONOUS

SLAVE TRANSMISSION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep mode.

If two words are written to the TXREGx and then the 6.
SLEEP instruction is executed, the following will occur:

ok owbn

a) The first word will immediately transfer to the 7. Start transmission by loading data to the
TSR register and transmit. TXREGx register.
b) The second word will remain in the TXREGx 8. Ifusing interrupts, ensure that the GIE and PEIE

register.
c) Flag bit, TXxIF, will not be set.
d) When the first word has been shifted out of TSR,

the TXREGx register will transfer the second word
to the TSR and flag bit, TXxIF, will now be set.

bits INTCON<7:6>) are set.

TABLE 22-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG1 EUSART1 Transmit Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON?1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG2 EUSART2 Transmit Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD |UART2MD | UART1MD | SSPMD
ODCON SSPOD CCP50D | CCP40OD | CCP30OD | CCP20D | CCP10OD u20D uU10D
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
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REGISTER 24-1: CMxCON: COMPARATOR CONTROL x REGISTER

R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CON COE CPOL EVPOLA1 EVPOLO CREF CCH1 CCHO
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 CON: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled
bit 6 COE: Comparator Output Enable bit
1 = Comparator output is present on the CxOUT pin
0 = Comparator output is internal only
bit 5 CPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 4-3 EVPOL<1:0>: Interrupt Polarity Select bits
11 = Interrupt generation on any change of the output®
10 = Interrupt generation only on high-to-low transition of the output
01 = Interrupt generation only on low-to-high transition of the output
00 = Interrupt generation is disabled
bit 2 CREF: Comparator Reference Select bit (non-inverting input)
1 = Non-inverting input connects to internal CVREF voltage
0 = Non-inverting input connects to CxINA pin
bit 1-0 CCH<1:0>: Comparator Channel Select bits
11 = Inverting input of comparator connects to VBG
10 = Inverting input of comparator connects to C2INB pin(z)
01 = Inverting input of comparator connects to CxINC pin
00 = Inverting input of comparator connects to C1INB pin(z)

Note 1. The CMPxIF is automatically set any time this mode is selected and must be cleared by the application
after the initial configuration.
2:  Comparator 1 uses C2INB as an input to the inverting terminal. Comparator 2 uses C1INB as an input to
the inverted terminal.
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FIGURE 31-13:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)
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Refer to Figure 31-3 for load conditions.

TABLE 31-17: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)

Pilr;lm Symbol Characteristic Min Max | Units |Conditions
70 TssL2scH, |SS | to SCK | or SCK T Input 3 Tey — ns

TssL2scL
70A TssSL2WB |[SS to write to SSPBUF 3 Tey — ns
71 TscH SCK Input High Time Continuous 1.25Tcy +30| — ns
71A (Slave mode) Single Byte 40 — | ns |(Note1)
72 TscL SCK Input Low Time Continuous 1.25Tcy +30| — ns
72A (Slave mode) Single Byte 40 — | ns |(Note1)
73 TpIV2scH, |Setup Time of SDI Data Input to SCK Edge 20 — ns

TpIV2scL
73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2| 1.5Tcy +40 | — ns |[(Note 2)
74 TscH2biIL, [Hold Time of SDI Data Input to SCK Edge 40 — ns

TscL2biL
75 TpoR SDO Data Output Rise Time — 25 ns
76 TDOF SDO Data Output Fall Time — 25 ns
77 TssH2D0Z |SS 1 to SDO Output High-impedance 10 50 | ns
78 TscR SCK Output Rise Time (Master mode) — 25 ns
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2poV, |SDO Data Output Valid after SCK Edge — 50 ns

TscL2poV
83 TscH2ssH, |SS T after SCK Edge 15Tcy+40 | — | ns

TscL2ssH
Note 1. Requires the use of Parameter 73A.

2:  Only if Parameter 71A and 72A are used.
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NOTES:
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BnDLC (TX/RX Buffer n Data Length Code in Transmit

MOE) ... 420
BnDm (TX/RX Buffer n Data Field Byte m in Receive
MOE) ...t 418
BnDm (TX/RX Buffer n Data Field Byte m in Transmit
MOGE) .. 418
BnEIDH (TX/RX Buffer n Extended Identifier, High Byte
in Receive Mode).........cccoocvivniiiicciiinececee, 417
BnEIDH (TX/RX Buffer n Extended Identifier, High Byte
in Transmit Mode)........cccooeviiiiiiiiiiiinecce, 417
BnEIDL (TX/RX Buffer n Extended Identifier, Low Byte in
Receive Mode).........ccovverieiiiiciiiiceee 417,418
BnSIDH (TX/RX Buffer n Standard Identifier, High Byte
in Receive Mode).........cccocviiiiiiicciiinececee, 415
BnSIDH (TX/RX Buffer n Standard Identifier, High Byte
in Transmit Mode)........cccoociiniiiiiiiinieeecee, 415

BnSIDL (TX/RX Buffer n Standard Identifier, Low Byte in
Receive Mode).........cccoveeiiiiiiiiiieicieeece
BRGCON1 (Baud Rate Control 1)
BRGCON2 (Baud Rate Control 2)
BRGCONS3 (Baud Rate Control 3)
BSELO (Buffer Select 0).........ccooviiniiiieiieenicciees
CANCON (CAN Control)...

CANSTAT (CAN Status) .....cccccveeieeiiiiiieiie e
CCP1CON (Enhanced Capture/Compare/PWM1 Con-

CCPTMRS (CCP Timer Select) .
CCPxCON (CCPx Control, CCP2-CCP5)................. 253
CIOCON (CAN 1/O Control) .......covcvrrveeenieeieenieeieene

CMSTAT (Comparator Status)
CMxCON (Comparator Control X).........cccceeeereeerenenns 374
COMSTAT (CAN Communication Status)................ 399
CONFIG1H (Configuration 1 High)
CONFIG1L (Configuration 1 Low)......
CONFIG2H (Configuration 2 High)....
CONFIG2L (Configuration 2 Low)......
CONFIG3H (Configuration 3 High)....
CONFIGAL (Configuration 4 Low)......
CONFIG5H (Configuration 5 High)....
CONFIGS5L (Configuration 5 Low)......
CONFIG6H (Configuration 6 High)....
CONFIG6L (Configuration 6 Low)......
CONFIG7H (Configuration 7 High)....
CONFIGTL (Configuration 7 Low)......
CTMUCONH (CTMU Control High) ........cccccvevvnneen. 236

CTMUCONL (CTMU Control Low)........c.ccccueereeninene 237
CTMUICON (CTMU Current Control) ............ccceeueeee 238
CVRCON (Comparator Voltage Reference Control). 381
DEVID1 (Device ID 1) ...oovioieieiieienienece e 471
DEVID2 (Device ID 2)

ECANCON (Enhanced CAN Control) ..........ccccccueeee. 398
ECCP1AS (ECCP1 Auto-Shutdown Control)............ 279

ECCP1DEL (Enhanced PWM Control)
EECON1 (Data EEPROM Control 1)......ccccccccvneeen.
EECON1 (EEPROM Control 1)......cccvevevvnieieneenne
HLVDCON (High/Low-Voltage Detect Control).........
INTCON (Interrupt Control)..........cccceecveniinneenieenen.
INTCON2 (Interrupt Control 2)
INTCONS (Interrupt Control 3)
IOCB (Interrupt-on-Change PORTB Control) ........... 168

IPR1 (Peripheral Interrupt Priority 1)........ccccceevnenee. 162
IPR2 (Peripheral Interrupt Priority 2)

IPR3 (Peripheral Interrupt Priority 3)........cccccoennenee. 164

IPR4 (Peripheral Interrupt Priority 4) .........c.ccoveenne. 165
IPR5 (Peripheral Interrupt Priority 5) ................ 166, 436
MDCARH (Modulation High Carrier Control)............ 203
MDCARL (Modulation Low Carrier Control) ............. 204
MDCON (Modulation Control Register).................... 201
MDSRC (Modulation Source Control) ............cccec.... 202

MSELO (Mask Select 0)........cccveevieieiiiieiiinieesiee 426
MSEL1 (Mask Select 1).......cccoviirininiiieciereneene. 427
MSEL2 (Mask Select 2)........cccceevuieieeiiieiieeieeee 428
MSEL3 (Mask Select 3)......cccooveiuieieiiiicriiiieeee 429
ODCON (Peripheral Open-Drain Control) ....
OSCCON (Oscillator Control)............cccceeeee
OSCCON2 (Oscillator Control 2)....
OSCTUNE (Oscillator Tuning)........
PADCFG1 (Pad Configuration) .........ccccceeeeneenneeenns
PIE1 (Peripheral Interrupt Enable 1)
PIE2 (Peripheral Interrupt Enable 2)
PIE3 (Peripheral Interrupt Enable 3)
PIE4 (Peripheral Interrupt Enable 4)
PIE5 (Peripheral Interrupt Enable 5)

PIR1 (Peripheral Interrupt Request (Flag) 1)............ 152
PIR2 (Peripheral Interrupt Request (Flag) 2)............ 153
PIR3 (Peripheral Interrupt Request (Flag) 3)............ 154
PIR4 (Peripheral Interrupt Request (Flag) 4)............ 155
PIRS (Peripheral Interrupt Request (Flag) 5).... 156, 434

PMDO (Peripheral Module Disable 0)............ccocee.n....
PMD1 (Peripheral Module Disable 1).........cc.cccovueneee.
PMD2 (Peripheral Module Disable 2)............c..c........
PSPCON (Parallel Slave Port Control).. .
PSTR1CON (Pulse Steering Control)..........ccccecueeee.
RCON (Reset Control)..........ccccevviiiieciiicniicenene

RCSTAX (Receive Status and Control)

REFOCON (Reference Oscillator Control)................. 62
RXBOCON (Receive Buffer 0 Control)..........c.ccccee.e. 406
RXB1CON (Receive Buffer 1 Control)..........c.ccccee.. 408

RXBnDLC (Receive Buffer n Data Length Code)..... 411
RXBnDm (Receive Buffer n Data Field Byte m)....... 411
RXBnEIDH (Receive Buffer n Extended Identifier, High

BYLE) i 410
RXBnEIDL (Receive Buffer n Extended Identifier, Low
BYLE) e 410
RXBnSIDH (Receive Buffer n Standard Identifier, High
BYLE) e 409
RXBnSIDL (Receive Buffer n Standard Identifier, Low
Byte) ..o 410
RXERRCNT (Receive Error Count) 412
RXFBCONRN (Receive Filter Buffer Control n) .......... 425
RXFCONN (Receive Filter Control n) ..........cccccevueeeee 424
RXFnEIDH (Receive Acceptance Filter n Extended Iden-
tifier, High Byte) ........cooiriinieeceeece 422
RXFnEIDL (Receive Acceptance Filter n Extended Iden-
tifier, LOw Byte)....cccooiiiiiiiiiiccecs 422
RXFnSIDH (Receive Acceptance Filter n Standard Iden-
tifier Filter, High Byte) ........cccoeiiiiiiiiiies 421
RXFnSIDL (Receive Acceptance Filter n Standard Iden-
tifier Filter, Low Byte).......cccocuiiiiiiiiiiiiiiiiees 421
RXMnEIDH (Receive Acceptance Mask n Extended
Identifier Mask, High Byte) ..........cccccoeieiinnne 423
RXMnEIDL (Receive Acceptance Mask n Extended
Identifier Mask, Low Byte) .........ccccoeevieniininnnns 423
RXMnSIDH (Receive Acceptance Mask n Standard
Identifier Mask, High Byte) ..........c..cccoeiiiinns 422
RXMnSIDL (Receive Acceptance Mask n Standard Iden-
tifier Mask, Low Byte) ........ccceeiiiiiiiiiiiiiiens 423

SDFLC (Standard Data Bytes Filter Length Count).. 424

© 2010-2012 Microchip Technology Inc.

DS39977F-page 613



