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PIC18F2682/2685/4682/4685

2.7 Clock Sources and Oscillator

Switching

Like previous PIC18 devices, the PIC18F2682/2685/
4682/4685 family includes a feature that allows the
device clock source to be switched from the main
oscillator to an alternate low-frequency clock source.
PIC18F2682/2685/4682/4685 devices offer two alter-
nate clock sources. When an alternate clock source is
enabled, the various power-managed operating modes
are available.

Essentially, there are three clock sources for these
devices:

* Primary oscillators

» Secondary oscillators

 Internal oscillator block

The primary oscillators include the External Crystal
and Resonator modes, the External RC modes, the
External Clock modes and the internal oscillator block.
The particular mode is defined by the FOSC3:FOSCO
Configuration bits. The details of these modes are
covered earlier in this chapter.

FIGURE 2-8:

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode.

PIC18F2682/2685/4682/4685 devices offer the Timer1
oscillator as a secondary oscillator. In all power-
managed modes, this oscillator is often the time base
for functions such as a Real-Time Clock.

Most often, a 32.768 kHz watch crystal is connected
between the RCO/T10SO/T13CKI and RC1/T10SI
pins. Like the LP mode oscillator circuit, loading
capacitors are also connected from each pin to ground.

The Timer1 oscillator is discussed in greater detail in
Section 12.3 “Timer1 Oscillator”.

In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The INTRC source is also used as
the clock source for several special features, such as
the WDT and Fail-Safe Clock Monitor.

The clock sources for the PIC18F2682/2685/4682/4685
devices are shown in Figure 2-8. See Section 24.0
“Special Features of the CPU” for Configuration
register details.
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4.0 RESET

The PIC18F2682/2685/4682/4685 devices differentiate
between various kinds of Reset:

a) Power-on Reset (POR)

) MCLR Reset during normal operation

) MCLR Reset during power-managed modes

) Watchdog Timer (WDT) Reset during execution

) Programmable Brown-out Reset (BOR)

f) RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

This section discusses Resets generated by MCLR,
POR and BOR and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 5.1.2.4 “Stack Full and Underflow Resets”.

WDT Resets are covered in Section 24.2 “Watchdog
Timer (WDT)”.

® O O T

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 4-1.

4.1 RCON Register

Device Reset events are tracked through the RCON
register (Register 4-1). The lower five bits of the
register indicate that a specific Reset event has
occurred. In most cases, these bits can only be cleared
by the event and must be set by the application after
the event. The state of these flag bits, taken together,
can be read to indicate the type of Reset that just
occurred. This is described in more detail in
Section 4.6 “Reset State of Registers”.

The RCON register also has control bits for setting
interrupt priority (IPEN) and software control of the
BOR (SBOREN). Interrupt priority is discussed in
Section 9.0 “Interrupts”. BOR is covered in
Section 4.4 “Brown-out Reset (BOR)”.

FIGURE 4-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
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2: See Table 4-2 for time-out situations.

Note 1: This is the INTRC source from the internal oscillator block and is separate from the RC oscillator of the CLKI pin.
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9.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are two Peripheral
Interrupt Enable registers (PIE1, PIE2). When IPEN = 0,
the PEIE bit must be set to enable any of these
peripheral interrupts.

REGISTER 9-7: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PsPIE() ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE
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 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit(")

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D 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 Interrupt Enable bit

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

bit 2 CCP1IE: CCP1 Interrupt Enable bit

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

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: This bit is reserved on PIC18F2682/2685 devices; always maintain this bit clear.

© 2009 Microchip Technology Inc. DS39761C-page 123
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10.3 PORTC, TRISC and LATC
Registers

PORTC is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISC. Setting
a TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register read and write the latched output value for
PORTC.

PORTC is multiplexed with several peripheral functions
(Table 10-5). The pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,
while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for the correct TRIS bit settings.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 10-3:  INITIALIZING PORTC

CLRF PORTC ; Initialize PORTC by
; clearing output
; data latches
CLRF LATC ; Alternate method
; to clear output
; data latches
MOVLW 0CFh ; Value used to
; initialize data

; direction

MOVWE  TRISC ; Set RC<3:0> as inputs
; RC<5:4> as outputs
; RC<7:6> as inputs

© 2009 Microchip Technology Inc.
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10.4 PORTD, TRISD and LATD
Registers

Note: PORTD is only available on PIC18F4682/
4685 devices.

PORTD is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISD bit (= 0)
will make the corresponding PORTD pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATD) is also memory
mapped. Read-modify-write operations on the LATD
register read and write the latched output value for
PORTD.

All pins on PORTD are implemented with Schmitt Trigger
input buffers. Each pin is individually configurable as an
input or output.

Three of the PORTD pins are multiplexed with outputs
P1A, P1B, P1C and P1D of the Enhanced CCP1
(ECCP1) module. The operation of these additional
PWM output pins is covered in greater detail in
Section 16.0 “Enhanced Capture/Compare/PWM
(ECCP1) Module”.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

PORTD can also be configured as an 8-bit wide micro-
processor port (Parallel Slave Port) by setting control
bit, PSPMODE (TRISE<4>). In this mode, the input
buffers are TTL. See Section 10.6 “Parallel Slave
Port” for additional information on the Parallel Slave
Port (PSP).

Note:  When the Enhanced PWM mode is used
with either dual or quad outputs, the PSP
functions of PORTD are automatically
disabled.

EXAMPLE 10-4: INITIALIZING PORTD

CLRF PORTD Initialize PORTD by
; clearing output
; data latches

CLRF LATD ; Alternate method
; to clear output

; data latches

MOVLW 0CFh ; Value used to
; initialize data
; direction
MOVWE  TRISD ; Set RD<3:0> as inputs

; RD<5:4> as outputs
; RD<7:6> as inputs

DS39761C-page 140
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11.3 Prescaler

An 8-bit counter is available as a prescaler for the TimerQ
module. The prescaler is not directly readable or writable;
its value is set by the PSA and TOPS2:TOPSO bits
(TOCON<3:0>) which determine the prescaler
assignment and prescale ratio.

Clearing the PSA bit assigns the prescaler to the
Timer0 module. When it is assigned, prescale values
from 1:2 through 1:256 in power-of-2 increments are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF TMRO, MOVWF
TMRO, BSF TMRO, etc.) clear the prescaler count.

Note:  Writing to TMRO when the prescaler is
assigned to Timer0 will clear the prescaler
count but will not change the prescaler

11.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
execution.

11.4 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This overflow sets
the TMROIF flag bit. The interrupt can be masked by
clearing the TMROIE bit (INTCON<5>). Before re-
enabling the interrupt, the TMROIF bit must be cleared
in software by the Interrupt Service Routine.

Since Timer0 is shut down in Sleep mode, the TMRO
interrupt cannot awaken the processor from Sleep.

assignment.
TABLE 11-1: REGISTERS ASSOCIATED WITH TIMERO
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
TMROL Timer0O Register Low Byte 52
TMROH Timer0 Register High Byte 52
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 51
TOCON TMROON | TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 52
TRISA TRISA7(" | TRISA6(") |PORTA Data Direction Register 54
Legend: x =unknown, u = unchanged, — = unimplemented locations, read as ‘0’. Shaded cells are not used by Timer0.

Note 1: RA7:RA6 and their associated latch and data direction bits are enabled as 1/O pins based on oscillator

configuration; otherwise, they are read as ‘0’.

© 2009 Microchip Technology Inc.
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12.2 Timer1 16-Bit Read/Write Mode

Timer1 can be configured for 16-bit reads and writes
(see Figure 12-2). When the RD16 control bit
(T1CON<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timer1. A read
from TMR1L will load the contents of the high byte of
Timer1 into the Timer1 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. The Timer1 high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits to both the high and low bytes of Timer1 at once.

The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler.
The prescaler is only cleared on writes to TMR1L.

12.3 Timer1 Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins T10SI (input) and T10SO (amplifier
output). It is enabled by setting the Timer1 Oscillator
Enable bit, TTOSCEN (T1CON<3>). The oscillator is a
low-power circuit rated for 32 kHz crystals. It will
continue to run during all power-managed modes. The
circuit for a typical LP oscillator is shown in Figure 12-3.
Table 12-1 shows the capacitor selection for the Timer1
oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.
FIGURE 12-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR

C1
27 pF PIC18FXXXX

——[X{T10sI

3 XTAL
~ 32.768 kHz

———{X}{ T10S0
c2
27 pF

Note: See the Notes with Table 12-1 for additional
information about capacitor selection.

TABLE 12-1: CAPACITOR SELECTION

FOR THE TIMER1
OSCILLATOR(1:2:34)
Osc Type Freq Cc1 C2
LP 32.768 kHz 27 pF 27 pF

Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.

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

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

4: Capacitor values are for design guidance
only.

12.31 USING TIMER1 AS A CLOCK
SOURCE

The Timer1 oscillator is also available as a clock source
in power-managed modes. By setting the Clock Select
bits, SCS1:SCS0 (OSCCON<1:0>), to ‘01", the device
switches to SEC_RUN mode; both the CPU and
peripherals are clocked from the Timer1 oscillator. If the
IDLEN bit (OSCCON<7>) is cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode. Additional details are available in Section 3.0
“Power-Managed Modes”.

Whenever the Timer1 oscillator is providing the clock
source, the Timer1 system clock status flag, T1IRUN
(T1CON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timer1 oscillator fails while providing the clock, polling
the T1IRUN bit will indicate whether the clock is being
provided by the Timer1 oscillator or another source.

12.3.2 LOW-POWER TIMER1 OPTION

The Timer1 oscillator can operate at two distinct levels
of power consumption based on device configuration.
When the LPT10SC Configuration bit is set, the Timer1
oscillator operates in a low-power mode. When
LPT10SC is not set, Timer1 operates at a higher power
level. Power consumption for a particular mode is rela-
tively constant, regardless of the device’s operating
mode. The default Timer1 configuration is the higher
power mode.

As the low-power Timer1 mode tends to be more
sensitive to interference, high noise environments may
cause some oscillator instability. The low-power option is,
therefore, best suited for low noise applications where
power conservation is an important design consideration.

© 2009 Microchip Technology Inc.
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15.2 Capture Mode

In Capture mode, the CCPR1H:CCPR1L (or
ECCPR1H:ECCPR1L) register pair captures the 16-bit
value of the TMR1 or TMR3 registers when an event
occurs on the CCP1/ECCP1 pin (RC2 for 28/40/44-pin
devices and RD4 for 40/44-pin devices). An event is
defined as one of the following:

« every falling edge

« every rising edge

» every 4th rising edge

« every 16th rising edge

The event is selected by the mode select bits,
CCP1M3:CCP1MO0 (CCP1CON<3:0>). When a capture
is made, the interrupt request flag bit, CCP1IF
(PIR1<2>), is set; it must be cleared in software. If
another capture occurs before the value in the CCPR1
register pair is read, the old captured value is overwritten
by the new captured value.

15.2.1 CCP1 PIN CONFIGURATION

In Capture mode, the appropriate CCP1/ECCP1 pin
should be configured as an input by setting the
corresponding TRIS direction bit.

Note: If RC2/CCP1 or RD4/PSP4/ECCP1/P1A
is configured as an output, a write to the
port can cause a capture condition.

15.2.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(Timer1 and/or Timer3) must be running in Timer mode
or Synchronized Counter mode. In Asynchronous
Counter mode, the capture operation may not work.
The timer to be used with each CCP1 module is
selected in the T3CON register (see Section 15.1.1
“CCP1 Modules and Timer Resources”).

15.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCP1IE or ECCP1IE interrupt enable bit clear to avoid
false interrupts. The interrupt flag bit, CCP1IF or
ECCP1IF, should also be cleared following any such
change in operating mode.

15.2.4 CCP1 PRESCALER

There are four prescaler settings in Capture mode; they
are specified as part of the operating mode selected by
the mode select bits (CCP1M3:CCP1MO0). Whenever
the CCP1 module is turned off or the CCP1 module is
not in Capture mode, the prescaler counter is cleared.
This means that any Reset will clear the prescaler
counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared; therefore, the first capture may be from
a non-zero prescaler. Example 15-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

15.2.5 CAN MESSAGE TIME-STAMP

The CAN capture event occurs when a message is
received in any of the receive buffers. When config-
ured, the CAN module provides the trigger to the CCP1
module to cause a capture event. This feature is
provided to “time-stamp” the received CAN messages.

This feature is enabled by setting the CANCAP bit of
the CAN 1/O Control register (CIOCON<4>). The
message receive signal from the CAN module then
takes the place of the events on the RC2/CCP1 pin.

If this feature is selected, then four different capture
options for CCP1M<3:0> are available:

* 0100 — every time a CAN message is received

* 0101 — every time a CAN message is received

* 0110 — every 4th time a CAN message is
received

* 0111 — Capture mode, every 16th time a CAN
message is received

EXAMPLE 15-1: CHANGING BETWEEN
CAPTURE PRESCALERS

; Turn CCPl module off
; Load WREG with the

; new prescaler mode

; value and CCPl ON

; Load CCP1lCON with

; this value

CLRF  CCP1CON
MOVLW NEW CAPT PS

MOVWE CCP1CON

© 2009 Microchip Technology Inc.
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16.4.7.1

The auto-shutdown feature can be configured to allow
automatic restarts of the module following a shutdown
event. This is enabled by setting the PRSEN bit of the

Auto-Shutdown and Auto-Restart

ECCP1DEL register (ECCP1DEL<7>).

In Shutdown mode with PRSEN = 1 (Figure 16-10), the
ECCPASE bit will remain set for as long as the cause
of the shutdown continues. When the shutdown condi-
tion clears, the ECCPASE bit is cleared. If PRSEN = 0
(Figure 16-11), once a shutdown condition occurs, the
ECCPASE bit will remain set until it is cleared by
firmware. Once ECCPASE is cleared, the Enhanced
PWM will resume at the beginning of the next PWM

period.

16.4.8 START-UP CONSIDERATIONS

When the ECCP1 module is used in the PWM mode, the
application hardware must use the proper external pull-up
and/or pull-down resistors on the PWM output pins. When
the microcontroller is released from Reset, all of the I/O
pins are in the high-impedance state. The external circuits
must keep the power switch devices in the OFF state until
the microcontroller drives the 1/O pins with the proper
signal levels, or activates the PWM output(s).

The ECCP1M1:ECCP1MO bits (ECCP1CON<1:0>)
allow the user to choose whether the PWM output
signals are active-high or active-low for each pair of
PWM output pins (P1A/P1C and P1B/P1D). The PWM
output polarities must be selected before the PWM pins

Note:

Writing to the ECCPASE bit is disabled
while a shutdown condition is active.

are configured as outputs. Changing the polarity
configuration while the PWM pins are configured as

Independent of the PRSEN bit setting, if the auto-
shutdown source is one of the comparators, the
shutdown condition is a level. The ECCPASE bit
cannot be cleared as long as the cause of the shutdown
persists.

The Auto-Shutdown mode can be forced by writing a ‘1’

to the ECCPASE bit.

outputs is not recommended, since it may result in
damage to the application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is initialized.
Enabling the PWM pins for output at the same time as
the ECCP1 module may cause damage to the applica-
tion circuit. The ECCP1 module must be enabled in the
proper output mode and complete a full PWM cycle
before configuring the PWM pins as outputs. The
completion of a full PWM cycle is indicated by the
TMR2IF bit being set as the second PWM period begins.

FIGURE 16-10: PWM AUTO-SHUTDOWN (PRSEN = 1, AUTO-RESTART ENABLED)
- PWM Period >
Shutdown Event :
ECCPASE bit | I
PWM Activity | ] .
T T<—Normal PWM—»? T T T
Start of Shutdown Shutdown PWM
PWM Period Event Occurs Event Clears Resumes
FIGURE 16-11: PWM AUTO-SHUTDOWN (PRSEN = 0, AUTO-RESTART DISABLED)
- PWM Period >
Shutdown Event

ECCPASE bit |

|

PWM Activity |

T LfNormaI PWM—»T T

Start of
PWM Period

Shutdown
Event Occurs

Shutdown
Event Clears

ECCPASE

T Cleared by

Firmware

PWM
Resumes
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TABLE 16-3: REGISTERS ASSOCIATED WITH ECCP1 MODULE AND TIMER1 TO TIMER3
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 51
RCON IPEN |SBOREN(®) — RI TO PD POR BOR 52
IPR1 PsPIP®? ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 54
PIR1 PSPIF(? ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 54
PIE1 PSPIE®@ ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 54
IPR2 OSCFIP | cmIp®@ — EEIP BCLIP | HLVDIP | TMR3IP |ECCP1IP@| 53
PIR2 OSCFIF | CMIF@ — EEIF BCLIF | HLVDIF | TMR3IF [ECCP1IF®| 54
PIE2 OSCFIE | CMIE® — EEIE BCLIE | HLVDIE | TMR3IE |ECCP1IE®| 54
TRISB PORTB Data Direction Register 54
TRISC PORTC Data Direction Register 54
TRISD PORTD Data Direction Register 54
TMR1L Timer1 Register Low Byte 52
TMR1H Timer1 Register High Byte 52
T1CON RD16 | TIRUN | TICKPS1| T1CKPSO | T1OSCEN | TISYNC | TMRICS | TMR1ON | 52
TMR2 Timer2 Register 52
T2CON — | T20UTPS3|T20UTPS2|T20UTPS1|T20UTPS0| TMR2ON | T2CKPS1 | T2CKPSO | 52
PR2 Timer2 Period Register 52
TMR3L Timer3 Register Low Byte 53
TMR3H Timer3 Register High Byte 53
T3CON RD16 | T3ECCP1@| T3CKPS1 | T3CKPSO | T3CCP1@) | TBSYNC | TMR3CS | TMR3ON | 53
ECCPRIL(  |Enhanced Capture/Compare/PWM Register 1 Low Byte 53
ECCPR1H™ |Enhanced Capture/Compare/PWM Register 1 High Byte 53
ECCP1CON | EPWM1M1 | EPWM1MO | EDC1B1 | EDC1B0O | ECCP1M3 | ECCP1M2| ECCP1M1| ECCP1MO 53
ECCP1AS!") | ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO | PSSBD1 | PSSBDO 53
EccP1DEL™ | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 53
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during ECCP1 operation.

Note 1: These registers are available on PIC18F4682/4685 devices only.
2: These bits are available on PIC18F4682/4685 and reserved on PIC18F2682/2685 devices.
3: The SBOREN bit is only available when CONFIG2L<1:0> = 01; otherwise, it is disabled and reads as ‘0.
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18.1 Baud Rate Generator (BRG)

The BRG is a dedicated 8-bit or 16-bit generator that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCON<3>)
selects 16-bit mode.

The SPBRGH:SPBRG register pair controls the period
of a free-running timer. In Asynchronous mode, bits
BRGH (TXSTA<2>) and BRG16 (BAUDCON<3>) also
control the baud rate. In Synchronous mode, BRGH is
ignored. Table 18-1 shows the formula for computation
of the baud rate for different EUSART modes which
only apply in Master mode (internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGH:SPBRG registers can be
calculated using the formulas in Table 18-1. From this,
the error in baud rate can be determined. An example
calculation is shown in Example 18-1. Typical baud rates
and error values for the various Asynchronous modes
are shown in Table 18-2. It may be advantageous to use

the high baud rate (BRGH = 1) or the 16-bit BRG to
reduce the baud rate error, or achieve a slow baud rate
for a fast oscillator frequency.

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

18.1.1 OPERATION IN POWER-MANAGED

MODES

The device clock is used to generate the desired baud
rate. When one of the power-managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRG register pair.

18.1.2 SAMPLING

The data on the RX pin is sampled three times by a
majority detect circuit to determine if a high or a low
level is present at the RX pin.

TABLE 18-1: BAUD RATE FORMULAS
Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH
0 0 0 8-bit/Asynchronous Fosc/[64 (n + 1)]
0 0 1 8-bit/Asynchronous
- Fosc/[16 (n + 1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 x 8-bit/Synchronous Fosc/[4 (n + 1)]
1 1 x 16-bit/Synchronous
Legend: x =Don’t care, n = value of SPBRGH:SPBRG register pair

EXAMPLE 18-1:

CALCULATING BAUD RATE ERROR

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

Desired Baud Rate = Fosc/(64 ((SPBRGH:SPBRG] + 1)
Solving for SPBRGH:SPBRG:
X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
= [25.042]=25
Calculated Baud Rate = 16000000/(64 (25 + 1))
= 9615
Error = (Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate
= (9615-9600)/9600 = 0.16%
TABLE 18-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bito |ResetValues
on page
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 53
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 53
BAUDCON | ABDOVF | RCIDL — SCKP | BRG16 — WUE ABDEN 53
SPBRGH |EUSART Baud Rate Generator Register High Byte 53
SPBRG EUSART Baud Rate Generator Register Low Byte 53
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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20.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 20-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this

range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 20-4: COMPARATOR ANALOG INPUT MODEL
VDD
VT = 0.6V RIC
' 3 AN/ p Comparator
Input
ILEAKAGE
VT =0.6V +500 nA
n
Legend: CPIN Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
TABLE 20-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
Reset
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
CMCON®) | Cc20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO 53
CVRCON®)| CVREN | CVROE | CVRR | CVRSS | CVR3 CVR2 CVR1 CVRO 53
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF 54
IPR2 OSCFIP | CMIP®@ — EEIP BCLIP | HLVDIP | TMR3IP |ECCP1IP? 53
PIR2 OSCFIF | CMIF® — EEIF BCLIF | HLVDIF | TMR3IF | ECCP1IF®@ 54
PIE2 OSCFIE | cMmIE® — EEIE BCLIE | HLVDIE | TMR3IE | ECCP1IE®@ 54
PORTA RA7(M RA6(1) RA5 RA4 RA3 RA2 RA1 RAO 54
LATA LATA7( | LATA6(") [LATA Data Output Register 54
TRISA TRISA7( | TRISA6(Y) [PORTA Data Direction Register 54
Legend: — = unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1:

PORTA pins are enabled based on oscillator configuration.

2: These bits are available in PIC18F4682/4685 devices and reserved in PIC18F2682/2685 devices.
3: These registers are unimplemented on PIC18F2682/2685 devices.
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REGISTER 23-9: TXBnEIDL: TRANSMIT BUFFER n EXTENDED IDENTIFIER REGISTERS,
LOWBYTE[0<n<2]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID7 EID6 ‘ EID5 | EID4 EID3 EID2 EID1 EIDO
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 EID7:EIDO: Extended Identifier bits (not used when transmitting standard identifier message)

REGISTER 23-10: TXBnDm: TRANSMIT BUFFER n DATA FIELD BYTE m REGISTERS
[0<n<2,0<m<7]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
TXBnDm?7 | TXBnDm6 ‘ TXBnDm5 | TXBnDm4 | TXBnDm3 TXBnDm2 TXBnDm1 TXBnDmO
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 TXBnDm7:TXBnDmO: Transmit Buffer n Data Field Byte m bits (where 0 <n <3 and 0 <m < 8)
Each transmit buffer has an array of registers. For example, Transmit Buffer O has 7 registers: TXBODO
to TXBOD?.
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REGISTER 23-58: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

Mode 0 R/W-1 R/W-1 R/W-1 RW-1  RMW-1 R/W-1 R/W-1 R/W-1
ode
IRXP_ | WAKIP | ERRIP | TxB2IP | TxB1IPM | TXB0IP™ | RXB1IP | RXBOIP
Mode 12 L RW-1 R/W-1 R/W-1 RW-1  RMW-1 R/W-1 R/W-1 R/W-1
ode 1,
IRXP_ | WAKIP | ERRIP | TxBnIP | TxB1IP™ [ TXBoIP™ [ RXBnlP | FIFOWMIP
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 IRXIP: CAN Invalid Received Message Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 WAKIP: CAN bus Activity Wake-up Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 ERRIP: CAN bus Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 When CAN is in Mode 0:
TXB2IP: CAN Transmit Buffer 2 Interrupt Priority bit
1 = High priority
0 = Low priority
When CAN is in Mode 1 or 2:
TXBnIP: CAN Transmit Buffer Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TXB1IP: CAN Transmit Buffer 1 Interrupt Priority bit(!)
1 = High priority
0 = Low priority
bit 2 TXBOIP: CAN Transmit Buffer 0 Interrupt Priority bit(!)
1 = High priority
0 = Low priority
bit 1 When CAN is in Mode 0:
RXB1IP: CAN Receive Buffer 1 Interrupt Priority bit
1 = High priority
0 = Low priority
When CAN is in Mode 1 or 2:
RXBnIP: CAN Receive Buffer Interrupts Priority bit
1 = High priority
0 = Low priority
bit 0 When CAN is in Mode 0:
RXBOIP: CAN Receive Buffer O Interrupt Priority bit
1 = High priority
0 = Low priority
When CAN is in Mode 1:
Unimplemented: Read as ‘0’
When CAN is in Mode 2:
FIFOWMIP: FIFO Watermark Interrupt Priority bit
1 = High priority
0 = Low priority

Note 1: In CAN Mode 1 and 2, these bits are forced to ‘0.
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23.7.3 ENHANCED FIFO MODE

When configured for Mode 2, two of the dedicated
receive buffers in combination with one or more
programmable transmit/receive buffers, are used to
create a maximum of an 8-buffer deep FIFO buffer. In
this mode, there is no direct correlation between filters
and receive buffer registers. Any filter that has been
enabled can generate an acceptance. When a
message has been accepted, it is stored in the next
available Receive Buffer register and an Internal Write
Pointer is incremented. The FIFO can be a maximum
of 8 buffers deep. The entire FIFO must consist of con-
tiguous receive buffers. The FIFO head begins at
RXBO buffer and its tail spans toward B5. The maxi-
mum length of the FIFO is limited by the presence or
absence of the first transmit buffer starting from BO. If a
buffer is configured as a transmit buffer, the FIFO
length is reduced accordingly. For instance, if B3 is
configured as a transmit buffer, the actual FIFO will
consist of RXB0O, RXB1, B0, B1 and B2, a total of 5
buffers. If BO is configured as a transmit buffer, the
FIFO length will be 2. If none of the programmable
buffers are configured as a transmit buffer, the FIFO will
be 8 buffers deep. A system that requires more transmit
buffers should try to locate transmit buffers at the very
end of B0-B5 buffers to maximize available FIFO
length.

When a message is received in FIFO mode, the inter-
rupt flag code bits (EICODE<4:0>) in the CANSTAT
register will have a value of ‘10000’ indicating the
FIFO has received a message. FIFO Pointer bits,
FP<3:0> in the CANCON register, point to the buffer
that contains data not yet read. The FIFO Pointer bits,
in this sense, serve as the FIFO Read Pointer. The user
should use FP bits and read corresponding buffer data.
When receive data is no longer needed, the RXFUL bit
in the current buffer must be cleared, causing FP<3:0>
to be updated by the module.

To determine whether FIFO is empty or not, the user
may use FP<3:0> bits to access the RXFUL bit in the
current buffer. If RXFUL is cleared, the FIFO is consid-
ered to be empty. If it is set, the FIFO may contain one
or more messages. In Mode 2, the module also pro-
vides a bit called FIFO High Water Mark (FIFOWM) in
the ECANCON register. This bit can be used to cause
an interrupt whenever the FIFO contains only one or
four empty buffers. The FIFO high water mark interrupt
can serve as an early warning to a full FIFO condition.

23.7.4 TIME-STAMPING

The CAN module can be programmed to generate a
time-stamp for every message that is received. When
enabled, the module generates a capture signal for
CCP1, which in turn, captures the value of either
Timer1 or Timer3. This value can be used as the
message time-stamp.

To use the time-stamp capability, the CANCAP bit
(CIOCAN<4>) must be set. This replaces the capture
input for CCP1 with the signal generated from the CAN
module. In addition, CCP1CON<3:0> must be set to
‘0011’ to enable the CCP Special Event Trigger for
CAN events.

23.8 Message Acceptance Filters
and Masks

The message acceptance filters and masks are used to
determine if a message in the Message Assembly
Buffer should be loaded into any of the receive buffers.
Once a valid message has been received into the MAB,
the identifier fields of the message are compared to the
filter values. If there is a match, that message will be
loaded into the appropriate receive buffer. The filter
masks are used to determine which bits in the identifier
are examined with the filters. A truth table is shown
below in Table 23-2 that indicates how each bit in the
identifier is compared to the masks and filters to deter-
mine if a message should be loaded into a receive
buffer. The mask essentially determines which bits to
apply the acceptance filters to. If any mask bit is set to
a zero, then that bit will automatically be accepted
regardless of the filter bit.

TABLE 23-2: FILTER/MASK TRUTH TABLE

Mask Filter Message | Accept or
bit n bit n Identifier Reject
bit n001 bit n

0 ® X Accept

! 0 0 Accept

! 0 1 Reject

! 1 0 Reject

! 1 1 Accept

Legend: x =don’tcare

In Mode 0, acceptance filters RXFO and RXF1 and filter
mask RXMO are associated with RXBO0. Filters RXF2,
RXF3, RXF4 and RXF5 and mask RXM1 are
associated with RXB1.
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DS39761C-page 333



PIC18F2682/2685/4682/4685

24.3 Two-Speed Start-up

The Two-Speed Start-up feature helps to minimize the
latency period from oscillator start-up to code execution
by allowing the microcontroller to use the INTRC
oscillator as a clock source until the primary clock
source is available. It is enabled by setting the IESO
Configuration bit.

Two-Speed Start-up should be enabled only if the
primary oscillator mode is LP, XT, HS or HSPLL
(Crystal-based modes). Other sources do not require
an OST start-up delay; for these, Two-Speed Start-up
should be disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the
internal oscillator block as the clock source, following
the time-out of the Power-up Timer after a Power-on
Reset is enabled. This allows almost immediate code
execution while the primary oscillator starts and the
OST is running. Once the OST times out, the device
automatically switches to PRI_RUN mode.

Because the OSCCON register is cleared on Reset
events, the INTOSC (or postscaler) clock source is not
initially available after a Reset event; the INTRC clock
is used directly at its base frequency. To use a higher
clock speed on wake-up, the INTOSC or postscaler
clock sources can be selected to provide a higher clock
speed by setting bits, IRCF2:IRCFO0, immediately after

FIGURE 24-2:

Reset. For wake-ups from Sleep, the INTOSC or
postscaler clock sources can be selected by setting the
IRCF2:IRCFO bits prior to entering Sleep mode.

In all other power-managed modes, Two-Speed Start-up
is not used. The device will be clocked by the currently
selected clock source until the primary clock source
becomes available. The setting of the IESO bit is
ignored.

24.3.1 SPECIAL CONSIDERATIONS FOR
USING TWO-SPEED START-UP

While using the INTRC oscillator in Two-Speed Start-up,
the device still obeys the normal command sequences
for entering power-managed modes, including serial
SLEEP instructions (refer to Section 3.1.4 “Multiple
Sleep Commands”). In practice, this means that user
code can change the SCS1:SCSO0 bit settings or issue
SLEEP instructions before the OST times out. This would
allow an application to briefly wake-up, perform routine
“housekeeping” tasks and return to Sleep before the
device starts to operate from the primary oscillator.

User code can also check if the primary clock source is
currently providing the device clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the clock. Otherwise,
the internal oscillator block is providing the clock during
wake-up from Reset or Sleep mode.

TIMING TRANSITION FOR TWO-SPEED START-UP (INTOSC TO HSPLL)

Q| @ | a3

0OScC1

PLL Clock - :

INTOSC : . : : :
Multiplexer ,

Output ! | !

v Transition
]

Ql---mm---- - = Q2|Q3|Q4|Q1| Q2| Q3

Clock

crucok /o / O\ N\ /N

Peripheral :/—\:_/_\_/'_\_‘:/_\_:/—\ i o
Clock . ! AR A WA WA W A WA W
Program - : . '
cogram PC X PC+2 PC+4 X_PC+6

Wake from Interrupt Event

OSTS bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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2452 DATA EEPROM
CODE PROTECTION

The entire data EEPROM is protected from external
reads and writes by two bits: CPD and WRTD. CPD
inhibits external reads and writes of data EEPROM.
WRTD inhibits internal and external writes to data
EEPROM. The CPU can continue to read and write
data EEPROM regardless of the protection bit settings.

2453 CONFIGURATION REGISTER
PROTECTION

The Configuration registers can be write-protected.
The WRTC bit controls protection of the Configuration
registers. In normal execution mode, the WRTC bit is
readable only. WRTC can only be written via ICSP or
an external programmer.

24.6 ID Locations

Eight memory locations (200000h-200007h) are
designated as ID locations, where the user can store
checksum or other code identification numbers. These
locations are both readable and writable during normal
execution through the TBLRD and TBLWT instructions
or during program/verify. The ID locations can be read
when the device is code-protected.

24.7 In-Circuit Serial Programming

PIC18F2682/2685/4682/4685 microcontrollers can be
serially programmed while in the end application circuit.
This is simply done with two lines for clock and data
and three other lines for power, ground and the
programming voltage. This allows customers to
manufacture boards with unprogrammed devices and
then program the microcontroller just before shipping
the product. This also allows the most recent firmware
or a custom firmware to be programmed.

24.8 In-Circuit Debugger

When the DEBUG Configuration bit is programmed to
a ‘0’, the In-Circuit Debugger functionality is enabled.
This function allows simple debugging functions when
used with MPLAB® IDE. When the microcontroller has
this feature enabled, some resources are not available
for general use. Table 24-4 shows which resources are
required by the background debugger.

TABLE 24-4: DEBUGGER RESOURCES

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VPP/RE3, VDD,
Vss, RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.

249 Single-Supply ICSP Programming

The LVP Configuration bit enables Single-Supply ICSP
programming (formerly known as Low-Voltage ICSP
Programming or LVP). When Single-Supply Program-
ming is enabled, the microcontroller can be programmed
without requiring high voltage being applied to the
MCLR/VPP/RES3 pin, but the RB5/KBI1/PGM pin is then
dedicated to controlling Program mode entry and is not
available as a general purpose I/O pin.

While programming using Single-Supply Programming,
VDD is applied to the MCLR/VPP/RES3 pin as in normal
execution mode. To enter Programming mode, VDD is
applied to the PGM pin.

Note 1: High-voltage programming is always avail-
able, regardless of the state of the LVP bit,
by applying VIHH to the MCLR pin.

2: While in Low-Voltage ICSP Programming
mode, the RB5 pin can no longer be used
as a general purpose I/O pin and should
be held low during normal operation.

3: When using Low-Voltage ICSP Program-
ming (LVP) and the pull-ups on PORTB
are enabled, bit 5 in the TRISB register
must be cleared to disable the pull-up on
RB5 and ensure the proper operation of
the device.

4: If the device Master Clear is disabled,
verify that either of the following is done to
ensure proper entry into ICSP mode:

a) disable Low-Voltage Programming
(CONFIG4L<2> = 0); or

b) make certain that RB5/KBI1/PGM
is held low during entry into ICSP.

1/O pins: RB6, RB7

Stack: 2 levels

Note:  Memory sources listed in MPLAB® IDE.

If Single-Supply ICSP Programming mode will not be
used, the LVP bit can be cleared. RB5/KBI1/PGM then
becomes available as the digital 1/0 pin, RB5. The LVP
bit may be set or cleared only when using standard
high-voltage programming (VIHH applied to the MCLR/
VPP/RE3 pin). Once LVP has been disabled, only the
standard high-voltage programming is available and
must be used to program the device.

Memory that is not code-protected can be erased using
either a block erase, or erased row by row, then written
at any specified VDD. If code-protected memory is to be
erased, a block erase is required. If a block erase is to
be performed when using Low-Voltage Programming,
the device must be supplied with VDD of 4.5V to 5.5V.
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FIGURE 27-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND
POWER-UP TIMER TIMING

.
<~

VDD /
l I
_ ! »
MCLR 7 \ )/
Internal r =30 _> ﬁ()
POR l
'@— 33 —» : «
PWRT | : "
Time-out ' 32 . .
- ! «
osC ! . 7
Time-out :
' «
Internal : . 2
Reset f
Watchdog : : %
Timer . , .
Reset . ) 5’: /
[ +—31 —p ;
— 1 34 -— —» 34 -
1/0 pins > /
Note: Refer to Figure 27-4 for load conditions.
FIGURE 27-8: BROWN-OUT RESET TIMING
VDD BVDD - - - — — - |—|
f———
C 3B VBGAP = 1.2V

VIRVST / |

Enable Internal
Reference Voltage

|
Internal Reference |
Voltage Stable ~—36 ——]

TABLE 27-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS

Pz;:zm. Sym Characteristic Min Typ Max Units Conditions
30 TmcL |MCLR Pulse Width (low) 2 — — us
31 TwDT |Watchdog Timer Time-out Period (no 3.4 4.00 4.6 ms
postscaler)
32 TosT  |Oscillation Start-up Timer Period 1024 Tosc | — | 1024 Tosc — |Tosc = OSC1 period
33 TPWRT |Power-up Timer Period 55.6 65.5 75 ms
34 Tioz  |1/O High-Impedance from MCLR Low — 2 — ps
or Watchdog Timer Reset
35 TBOR |Brown-out Reset Pulse Width 200 — — us |VDD < BvDD (see D005)
36 TIRVST |Time for Internal Reference Voltage to — 20 50 us
become stable
37 TLVD High/Low-Voltage Detect Pulse Width 200 — — us |VDD < VLVD
38 Tcsp  |CPU Start-up Time — 10 — us
39 TioBsT |Time for INTOSC to stabilize — 1 — us
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FIGURE 27-10: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)

CCPx

(Capture Mode) —\ﬂ

50 v 51 —=.

52

CCPx % 1 i 3};

(Compare or PWM Mode)

Note: Refer to Figure 27-4 for load conditions.

TABLE 27-12: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)

P:r:m Sym Characteristic Min Max Units Conditions
50 TccL |CCPx Input Low |No prescaler 0.5Tcy + 20 — ns
Time With prescaler |PIC18FXXXX 10 — ns
PIC18LFXXXX 20 — ns |VDD=2.0V
51 TccH |CCPxInputHigh [No prescaler 0.5Tcy + 20 — ns
Time With prescaler |PIC18FXXXX 10 — ns
PIC18LFXXXX 20 — ns |VDD=2.0V
52 TccP |CCPx Input Period 3 Tcy +40 — ns |N = prescale
N value (1, 4 or 16)
53 TccR |CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD =2.0V
54 TccF |CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD =2.0V
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FIGURE 27-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)
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Note: Refer to Figure 27-4 for load conditions.

TABLE 27-15: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

Par‘;'zm. Symbol Characteristic Min Max | Units | Conditions
73 TDIV2scH, |Setup Time of SDI Data Input to SCK Edge 100 — ns
TDIV2scL
74 TscH2bpIL, |Hold Time of SDI Data Input to SCK Edge 100 — ns
TscL2DIL
75 TpoR SDO Data Output Rise Time |PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD = 2.0V
76 TDOF SDO Data Output Fall Time — 25 ns
78 TsCcR SCK Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD = 2.0V
79 TscF SCK Output Fall Time — 25 ns
80 TscH2poV, |SDO Data Output Valid after |PIC18FXXXX — 50 ns
TscL2ooV | SCK Edge PIC18LFXXXX — 100 | ns |Vbp=2.0V
81 TpoV2scH, |SDO Data Output Setup to SCK Edge Tcy — ns
TpoV2scL
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