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51.2.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 5-1) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bit. The value of
the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System (RTOS) for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack
Overflow Reset Enable) Configuration bit. (Refer to
Section 24.1 “Configuration Bits” for a description of
the device Configuration bits.) If STVREN is set
(default), the 31st push will push the (PC + 2) value
onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the Stack
Pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st push
and STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop returns a value of zero
to the PC and sets the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents
of the SFRs are not affected.

5.1.2.3 PUSH and POP Instructions

Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack without disturbing normal program execution
is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by
decrementing the Stack Pointer. The previous value
pushed onto the stack then becomes the TOS value.

REGISTER 5-1: STKPTR: STACK POINTER REGISTER
R/C-0 R/C-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFULM | STKUNF(™ — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
Legend: C = Clearable bit
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 STKFUL: Stack Full Flag bit("

1 = Stack became full or overflowed

0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit(")

1 = Stack underflow occurred
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP4:SP0: Stack Pointer Location bits

Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.

© 2009 Microchip Technology Inc.
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TABLE 7-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY
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
EEADRH — — — — — —  |EEPROM Address 53
Register High Byte

EEADR |EEPROM Address Register Low Byte 53
EEDATA |EEPROM Data Register 53
EECON2 |EEPROM Control Register 2 (not a physical register) 53
EECON1 EEPGD CFGS — FREE WRERR | WREN WR RD 53
IPR2 OSCFIP | cMmIP( — EEIP BCLIP | HLVDIP | TMR3IP |ECCP1IPM| 53
PIR2 OSCFIF | CcMIF(M — EEIF BCLIF | HLVDIF | TMR3IF |ECCP1IF("| 54
PIE2 OSCFIE | CMIE(! — EEIE BCLIE | HLVDIE | TMR3IE |ECCP1IEM| 54
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
Note 1: These bits are available in PIC18F4682/4685 devices and reserved in PIC18F2682/2685 devices.

© 2009 Microchip Technology Inc.
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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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16.4 Enhanced PWM Mode

The Enhanced PWM mode provides additional PWM
output options for a broader range of control applica-
tions. The module is a backward compatible version of
the standard CCP1 module and offers up to four outputs,
designated P1A through P1D. Users are also able to
select the polarity of the signal (either active-high or
active-low). The module’s output mode and polarity are
configured by setting the EPWM1M1:EPWM1MO and
ECCP1M3:ECCP1MO bits of the ECCP1CON register.

Figure 16-1 shows a simplified block diagram of PWM
operation. All control registers are double-buffered and
are loaded at the beginning of a new PWM cycle (the
period boundary when Timer2 resets) in order to
prevent glitches on any of the outputs. The exception is
the PWM Dead-Band Delay register, ECCP1DEL,
which is loaded at either the duty cycle boundary or the
boundary period (whichever comes first). Because of
the buffering, the module waits until the assigned timer
resets instead of starting immediately. This means that
Enhanced PWM waveforms do not exactly match the
standard PWM waveforms, but are instead offset by
one full instruction cycle (4 Tosc).

As before, the user must manually configure the
appropriate TRIS bits for output.

FIGURE 16-1:

16.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following equation.

EQUATION 16-1:

PWM Period = [(PR2)+ 1]+4+ToscC *
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period]. When
TMR2 is equal to PR2, the following three events occur
on the next increment cycle:
*« TMR2 is cleared
* The ECCP1 pin is set (if PWM duty cycle = 0%,

the ECCP1 pin will not be set)

* The PWM duty cycle is copied from ECCPR1L
into ECCPR1H

Note: The Timer2 postscaler (see Section 13.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODULE

ECCP1CON<5:4>
Duty Cycle Registers  ——

‘ ECCPRIL |

‘ ECCPR1H (Slave) ‘

EPWM1M<1:0>

ECCP1M<3:0>

S

‘ Comparator I R Q
‘ TMR2 ‘(Note 1)|
S
Comparator
Clear Timer,
set ECCP1 pin and
latch D.C.

ECCP1/P1A ECCP1/P1A
TRISD<4>
P1B P1B
Output TRISD<5>
Controller

P1C P1C
TRISD<6>

P1D P1D
TRISD<7>

ECCP1DEL

Note: The 8-bit TMR2 register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler, to create the 10-bit time base.

7N

© 2009 Microchip Technology Inc.
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REGISTER 17-2: 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
wCcoL 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’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit(")
SPI Slave mode:
1 = A new 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
bit 5 SSPEN: Master Synchronous Serial Port Enable bit(2)
1 = Enables serial port and configures SCK, SDO, SDI and SS as serial port pins(z)
0 = Disables serial port and configures these pins as I/O port pins(z)
bit 4 CKP: Clock Polarity Select bit
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
bit 3-0 SSPM3:SSPMO0: Master Synchronous Serial Port Mode Select bits(3)

0101 = SPI Slave mode, clock = SCK pin, g pin control disabled, SS can be used as I/0 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 = FOosc/16

0000 = SPI Master mode, clock = Fosc/4

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by
writing to the SSPBUF register.

2: When enabled, these pins must be properly configured as input or output.
3: Bit combinations not specifically listed here are either reserved or implemented in I2C™ mode only.

© 2009 Microchip Technology Inc. DS39761C-page 191
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17.4.2 OPERATION

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

The SSPCON1 register allows control of the 1°C
operation. Four mode selection bits (SSPCON<3:0>)
allow one of the following 12C modes to be selected:

+ I2C Master mode, clock = (FOSC/4) x (SSPADD + 1)
« 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 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain,
provided these pins are programmed to inputs by
setting the appropriate TRISC bits. To ensure proper
operation of the module, pull-up resistors must be
provided externally to the SCL and SDA pins.

17.4.3 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. 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 automati-
cally 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 (SSPCON<6>), was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) 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
12c specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.

17.4.3.1 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
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared 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. MSSP Interrupt Flag bit, SSPIF (PIR1<3>), is
set (interrupt is generated, if enabled) on the
falling edge of the ninth SCL pulse.

w

In 10-Bit Address 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. Bit R/W (SSPSTAT<2>) 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 address is as
follows, with steps 7 through 9 for the slave-transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and UA (SSPSTAT<1>) are set).

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.

DS39761C-page 202
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17.4.9 I°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 12C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is
sampled low, the Baud Rate Generator is loaded with
the contents of SSPADD<5:0> and begins counting.
The SDA pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDA is sampled high, the SCL
pin will be deasserted (brought high). When SCL is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPADD<6:0> and begins count-
ing. SDA and SCL must be sampled high for one TBRG.
This action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out.

FIGURE 17-20:

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

» SDA is sampled low when SCL goes
from low-to-high.

» SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data ‘1’.

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode, or the default first address in 10-bit mode. After
the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

17.4.91 WCOL Status Flag

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

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated

Start condition is complete.

REPEATED START CONDITION WAVEFORM

Write to SSPCON2
occurs here.
SDA=1,

SCL (no change).

SDA

Falling edge of ninth clock,
end of Xmit

[«TBRG-«TBRG —':|<— 'EBIRG -
N
T
[N
(.

l [¢TBRG
scL /—\—/—M

Set S (SSPSTAT<3>)
At completion of Start bit,

hardware clears RSEN bit
l and sets SSPIF

1st bit X

Write to SSPBUF occurs here

! jTBRG]
L

Sr = Repeated Start
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18.3 EUSART Synchronous Once the TXREG register transfers the data to the TSR

Master Mode

register (occurs in one TCYCLE), the TXREG is empty
and the TXIF flag bit (PIR1<4>) is set. The interrupt can

The Synchronous Master mode is entered by setting be enabled or disabled by setting or clearing the inter-
the CSRC bit (TXSTA<7>). In this mode, the data is rupt enable bit, TXIE (PIE1<4>). TXIF is set regardless
transmitted in a half-duplex manner (i.e., transmission of the state of enable bit TXIE; it cannot be cleared in
and reception do not occur at the same time). When software. It will reset only when new data is loaded into
transmitting data, the reception is inhibited and vice the TXREG register.

versa. Synchronous mode is entered by setting bit While flag bit TXIF indicates the status of the TXREG

SYNC (TXSTA<4>).

In addition, enable bit, SPEN
(RCSTA<T7>), is set in order to configure the TX and RX
pins to CK (clock) and DT (data) lines, respectively.

register, another bit, TRMT (TXSTA<1>), shows the
status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to

The Master mode indicates that the processor trans- this bit so the user has to poll this bit in order to
mits the master clock on the CK line. Clock polarity is determine if the TSR register is empty. The TSR is not
selected with the SCKP bit (BAUDCON<4>); setting mapped in data memory so it is not available to the user.

SCKP sets the Idle state on CK as high, while clearing
the bit sets the Idle state as low. This option is provided

To set up a Synchronous Master Transmission:

to support Microwire devices with this module. 1. Initialize the SPBRGH:SPBRG registers for the

appropriate baud rate. Set or clear the BRG16

18.3.1 EUSART SYNCHRONOUS MASTER bit, as required, to achieve the desired baud
TRANSMISSION rate.

The EUSART transmitter block diagram is shown in
Figure 18-3. The heart of the transmitter is the Transmit

2. Enable the synchronous master serial port by
setting bits SYNC SPEN and CSRC.

(Serial) Shift Register (TSR). The Shift register obtains 3. Ifinterrupts are desired, set enable bit TXIE.

its data from the Read/Write Transmit Buffer register, 4. If 9-bit transmission is desired, set bit TX9.
TXREG. The TXREG register is loaded with data in 5. Enable the transmission by Setting bit TXEN.
software. The TSR register is not loaded until the last 6. If 9-bit transmission is selected, the ninth bit
bit has been transmitted from the previous load. As should be loaded in bit TX9D.

soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available).

7. Start transmission by loading data to the TXREG
register.

8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

FIGURE 18-11: SYNCHRONOUS TRANSMISSION
Q1|Q2|Q3|Q4EQ1|Q2|Q3|Q4!Q1|QZ|Q3|Q4!Q1|Q2|QS|Q4!Q1|QZ|QS|Q4| |Q3|Q4 Q1|Q2|Q3|Q4 Q1|02|Q3|Q4 Q1|QZ|03|Q4 Q1|Q2|Q3|Q4|Q1|QZ|Q3|Q4 Q1|Q2|Q3|Q4|
I;%WRX/DT X bit0 X bit1 X bit2 )qs X T bit7 X bit0 X Tbit1T X X S S X bit 7
RCBITXICK b - + Word 1 Word 2 L
pin L

(SCKP = 0) l—l l—\_l—\_l—g W 5_1—\_

RC6/TX/CK pin .

(SCKP=1) I_._I L._I—L._l—l_fml—l_mfs

Write to ] ' |_| ' ' cc !

TXREG Reg Write Word ' Write Word 2 * 55 - - ) ; -

TXIF bit — . : )( )( .

(Interrupt Flag) : . ' L )()f . \ ' ' !

TRMT bit ' : : e : . Ige ' :
D) T . D) T !

TXENbit .V (¢ . : ' Ige . 1
b)) D)

Note: Sync Master mode, SPBRG = 0, continuous transmission of two 8-bit words.
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REGISTER 23-1: CANCON: CAN CONTROL REGISTER

Mode 0 R/W-1 R/W-0 R/W-0 RSO  RMW-0 R/W-0 R/W-0 U-0
ode
REQOP2 | REQOP1 [ REQOPO | ABAT | WIN2 [ WINT | wiNo |  —
Mode 1 R/W-1 R/W-0 R/W-0 R/S-0 uo U-0 U-0 U-0
REQOP2 | REQOP1 | REQOPO | ABAT | — | — | — | —
Mode 2 R/W-1 R/W-0 R/W-0 R/S-0 R-0 R-0 R-0 R-0
ode
REQOP2 | REQOP1 | REQOPO | ABAT | FP3 | FP2 | FP1 | FPO
bit 7 bit 0
Legend: S = Settable bit
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 7-5 REQOP2:REQOPO: Request CAN Operation Mode bits

1xx = Request Configuration mode
011 = Request Listen Only mode
010 = Request Loopback mode
001 = Request Disable mode

000 = Request Normal mode

bit 4 ABAT: Abort All Pending Transmissions bit

1 = Abort all pending transmissions (in all transmit buffers)
0 = Transmissions proceeding as normal

bit 3-1 Mode 0:
WIN2:WINO: Window Address bits
These bits select which of the CAN buffers to switch into the access bank area. This allows access to the
buffer registers from any data memory bank. After a frame has caused an interrupt, the ICODE3:ICODEO
bits can be copied to the WIN3:WINO bits to select the correct buffer. See Example 23-2 for a code
example.
111 = Receive Buffer 0
110 = Receive Buffer 0
101 = Receive Buffer 1
100 = Transmit Buffer 0
011 = Transmit Buffer 1
010 = Transmit Buffer 2
001 = Receive Buffer 0
000 = Receive Buffer 0

bit 0 Unimplemented: Read as ‘0’
bit 4-0 Mode 1:
Unimplemented: Read as ‘0’

Mode 2:

FP3:FPO0: FIFO Read Pointer bits

These bits point to the message buffer to be read.
0111:0000 = Message buffer to be read
1111:1000 = Reserved
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REGISTER 23-21: RXERRCNT: RECEIVE ERROR COUNT REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
REC7 REC6 REC5 REC4 REC3 REC2 REC1 RECO
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 REC7:RECO0: Receive Error Counter bits

This register contains the receive error value as defined by the CAN specifications. When
RXERRCNT > 127, the module will go into an error-passive state. RXERRCNT does not have the
ability to put the module in “bus-off” state.

EXAMPLE 23-5: READING A CAN MESSAGE

; Need to read a pending message from RXBO buffer.
; To receive any message, filter, mask and RXM1:RXMO bits in RXBOCON registers must be

; programmed correctly.

; Make sure that there is a message pending in RXBO.

BTFEFSS RXBOCON, RXFUL ; Does RXBO contain a message?

BRA NoMessage ; No. Handle this situation...

; We have verified that a message is pending in RXBO buffer.

; If this buffer can receive both Standard or Extended Identifier messages,
; identify type of message received.

BTFSS RXBOSIDL, EXID ; Is this Extended Identifier?
BRA StandardMessage ; No. This is Standard Identifier message.
; Yes. This is Extended Identifier message.

; Read all 29-bits of Extended Identifier message.

; Now read all data bytes
MOVFEF RXBODO, MY_DATA_BYTEl

; Once entire message is read, mark the RXBO that it is read and no longer FULL.
BCF RXBOCON, RXFUL ; This will allow CAN Module to load new messages
; into this buffer.
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23.2.3.1 Programmable TX/RX and
Auto-RTR Buffers

The ECAN module contains 6 message buffers that can

be programmed

as transmit or receive buffers. Any of

these buffers can also be programmed to automatically
handle RTR messages.

| Note:  These registers are not used in Mode 0. |

REGISTER 23-22: BnCON: TX/RX BUFFER n CONTROL REGISTERS IN RECEIVE MODE

[0 <n <5, TXnEN (BSELO<n>) = 0](")

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
RXFUL® | Rxm1 | RXRTRRO | FILHIT4 | FILHIT3 | FILHIT2 FILHIT1 FILHITO
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 RXFUL: Receive Full Status bit(?)
1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message
bit 6 RXM1: Receive Buffer Mode bit
1 = Receive all messages including partial and invalid (acceptance filters are ignored)
0 = Receive all valid messages as per acceptance filters
bit 5 RXRTRRO: Read-Only Remote Transmission Request for Received Message bit
1 = Received message is a remote transmission request
0 = Received message is not a remote transmission request
bit 4-0 FILHIT4:FILHITO: Filter Hit bits

These bits indicate which acceptance filter enabled the last message reception into this buffer.

01111 = Acceptance Filter 15 (RXF15)
01110 = Acceptance Filter 14 (RXF14)

00001 = Acceptance Filter 1 (RXF1)
00000 = Acceptance Filter 0 (RXFO)

Note 1: These registers are available in Mode 1 and 2 only.

2: This

bit is set by the CAN module upon receiving a message and must be cleared by software after the

buffer is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered

full.
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REGISTER 23-34: BnDLC: TX/RX BUFFER n DATA LENGTH CODE REGISTERS IN RECEIVE MODE
[0 <n <5, TXnEN (BSEL<n>) = 0]V

u-0 R-x R-x R-x R-x R-x R-x R-x
— | R«RTR | RB1 | RBO | DLC3 DLC2 DLC1 DLCO
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 Unimplemented: Read as ‘0’
bit 6 RXRTR: Receiver Remote Transmission Request bit

1 = This is a remote transmission request
0 = This is not a remote transmission request

bit 5 RB1: Reserved bit 1

Reserved by CAN Spec and read as ‘0’.
bit 4 RBO: Reserved bit 0

Reserved by CAN Spec and read as ‘0.
bit 3-0 DLC3:DLCO: Data Length Code bits

1111 = Reserved
1110 = Reserved
1101 = Reserved
1100 = Reserved
1011 = Reserved
1010 = Reserved
1001 = Reserved
1000 = Data length = 8 bytes
0111 = Data length = 7 bytes
0110 = Data length = 6 bytes
0101 = Data length = 5 bytes
0100 = Data length = 4 bytes
0011 = Data length = 3 bytes
0010 = Data length = 2 bytes
0001 = Data length = 1 bytes
0000 = Data length = 0 bytes

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 23-45: RXFCONn: RECEIVE FILTER CONTROL REGISTER n [0 < n < 1](")

RXECONO R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RXF7EN | RXFEEN | RXF5EN | RXF4EN | RXF3EN | RXF2EN | RXF1EN | RXFOEN
RXECONA R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
RXF15EN | RXF14EN | RXF13EN |RXF12EN| RXF11EN | RXF10EN | RXF9EN | RXF8EN
bit 7 bit 0
Legend: C = Clearable bit
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 RXFnEN: Receive Filter n Enable bits
0 = Filter is disabled
1 = Filter is enabled
Note 1: This register is available in Mode 1 and 2 only.

| Note:

Register 23-46 through Register 23-51 are writable in Configuration mode only. |

REGISTER 23-46: SDFLC: STANDARD DATA BYTES FILTER LENGTH COUNT REGISTER(")

U-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — FLC4 FLC3 FLC2 FLCA1 FLCO
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 7-5 Unimplemented: Read as ‘0’
bit 4-0 FLCA4:FLCO: Filter Length Count bits

Mode 0:

Not used; forced to ‘00000".

00000-10010 = 0 18 bits are available for standard data byte filter. Actual number of bits used
depends on DLC3:DLCO bits (RXBnDLC<3:0> or BnDLC<3:0> if configured
as RX buffer) of message being received.

If DLC3:DLCO = 0000 No bits will be compared with incoming data bits.

If DLC3:DLCO = 0001 Up to 8 data bits of RXFnEID<7:0>, as determined by FLC2:FLCO, will be
compared with the corresponding number of data bits of the incoming
message.

If DLC3:DLCO = 0010 Up to 16 data bits of RXFnEID<15:0>, as determined by FLC3:FLCO, will be
compared with the corresponding number of data bits of the incoming
message.

If DLC3:DLCO = 0011 Up to 18 data bits of RXFnEID<17:0>, as determined by FLC4:FLCO, will be
compared with the corresponding number of data bits of the incoming
message.

Note 1: This register is available in Mode 1 and 2 only.
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TABLE 23-1: CAN CONTROLLER REGISTER MAP

Address(") Name Address Name Address Name Address Name
F7Fh| SPBRGH) F5Fh| CANCON_ROO F3Fh| CANCON_RO2 F1Fh| RXM1EIDL
F7Eh| BAUDCON® F5Eh| CANSTAT_ROO F3Eh| CANSTAT_RO2 F1Eh| RXM1EIDH
F7Dh —4) F5Dh RXB1D7 F3Dh TXB1D7 F1Dh| RXM1SIDL
F7Ch —4) F5Ch RXB1D6 F3Ch TXB1D6 F1Ch| RXM1SIDH
F7Bh —4) F5Bh RXB1D5 F3Bh TXB1D5 F1Bh| RXMOEIDL
F7Ah —4) F5Ah RXB1D4 F3Ah TXB1D4 F1Ah| RXMOEIDH
F79h| ECCP1DEL(®) F59h RXB1D3 F39h TXB1D3 F19h| RXMOSIDL
F78h —4) F58h RXB1D2 F38h TXB1D2 F18h| RXMOSIDH
F77h| ECANCON F57h RXB1D1 F37h TXB1D1 F17h| RXF5EIDL
F76h| TXERRCNT F56h RXB1D0 F36h TXB1DO F16h| RXF5EIDH
F75h| RXERRCNT F55h| RXB1DLC F35h| TXB1DLC F15h| RXF5SIDL
F74h| COMSTAT F54h| RXB1EIDL F34h| TXB1EIDL F14h| RXF5SIDH
F73h CIOCON F53h| RXB1EIDH F33h| TXB1EIDH F13h| RXF4EIDL
F72h| BRGCON3 F52h| RXB1SIDL F32h| TXB1SIDL F12h| RXF4EIDH
F71h| BRGCON2 F51h| RXB1SIDH F31h| TXB1SIDH F11h| RXF4SIDL
F70h| BRGCON1 F50h| RXB1CON F30h| TXB1CON F10h| RXF4SIDH
F6Fh|  CANCON F4Fh|{ CANCON_RO1( F2Fh|{ CANCON_RO3( FOFh| RXF3EIDL
F6Eh| CANSTAT FAEh|CANSTAT _RO1® F2Eh|CANSTAT_RO3® FOEh| RXF3EIDH
F6Dh RXBOD7 F4Dh TXBOD7 F2Dh TXB2D7 FODh| RXF3SIDL
F6Ch RXBOD6 F4Ch TXBOD6 F2Ch TXB2D6 FOCh| RXF3SIDH
F6Bh RXBOD5 F4Bh TXBOD5 F2Bh TXB2D5 FOBh| RXF2EIDL
F6A RXB0OD4 F4Ah TXBOD4 F2Ah TXB2D4 FOAh| RXF2EIDH
F69h RXBOD3 F49h TXBOD3 F29h TXB2D3 FO9h| RXF2SIDL
F68h RXBOD2 F48h TXBOD2 F28h TXB2D2 FO8h| RXF2SIDH
F67h RXBOD1 F47h TXBOD1 F27h TXB2D1 FO7h| RXF1EIDL
F66h RXBODO F46h TXBODO F26h TXB2DO FO6h| RXF1EIDH
F65h| RXBODLC F45h|  TXBODLC F25h|  TXB2DLC FO5h| RXF1SIDL
F64h| RXBOEIDL F44h|  TXBOEIDL F24h| TXB2EIDL FO4h| RXF1SIDH
F63h| RXBOEIDH F43h| TXBOEIDH F23h| TXB2EIDH FO3h| RXFOEIDL
F62h| RXBOSIDL F42h|  TXBOSIDL F22h| TXB2SIDL FO2h| RXFOEIDH
F61h| RXBOSIDH F41h| TXBOSIDH F21h| TXB2SIDH FO1h| RXFOSIDL
F60h| RXBOCON F40h| TXBOCON F20h| TXB2CON FOOh| RXFOSIDH

Note 1: Shaded registers are available in Access Bank low area, while the rest are available in Bank 15.

2: CANSTAT register is repeated in these locations to simplify application firmware. Unique names are given
for each instance of the controller register due to the Microchip header file requirement.

3: These registers are not CAN registers.
4: Unimplemented registers are read as ‘0’.
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23.9.1 EXTERNAL CLOCK, INTERNAL
CLOCK AND MEASURABLE JITTER
IN HSPLL-BASED OSCILLATORS

The microcontroller clock frequency generated from a
PLL circuit is subject to a jitter, also defined as Phase
Jitter or Phase Skew. For its PIC18 Enhanced micro-
controllers, Microchip specifies phase jitter (Pj,) as
being 2% (Gaussian distribution, within 3 standard
deviations, see parameter F13 in Table 27-7) and Total
Jitter (Tjier) @s being 2 * Pjjyer-

FIGURE 23-5:
AND CAN BIT TIME

The CAN protocol uses a bit-stuffing technique that
inserts a bit of a given polarity following five bits with the
opposite polarity. This gives a total of 10 bits transmit-
ted without re-synchronization (compensation for jitter
or phase error).

Given the random nature of the jitter error added, it can
be shown that the total error caused by the jitter tends
to cancel itself over time. For a period of 10 bits, it is
necessary to add only two jitter intervals to correct for
jitter-induced error: one interval in the beginning of the
10-bit period and another at the end. The overall effect
is shown in Figure 23-5.

EFFECTS OF PHASE JITTER ON THE MICROCONTROLLER CLOCK

Nominal Clock

Clock with Jitter 5

N Phase Skew (Jitter)

CAN bit Time
with Jitter

I /' L
— T Canbitditer :

Once these considerations are taken into account, it is
possible to show that the relation between the jitter and
the total frequency error can be defined as:

EQUATION 23-4:

Af _ T}itter _ 2x Pjitter

" 10xNBT 10 x NBT

where jitter is expressed in terms of time and NBT is the
Nominal Bit Time.

For example, assume a CAN bit rate of 125 Kb/s, which
gives an NBT of 8 us. For a 16 MHz clock generated
from a 4x PLL, the jitter at this clock frequency is:

EQUATION 23-5:

2% x

1 _
16MHz 16x10°

The resultant frequency error is:

EQUATION 23-6:

—9
2 U230 )_ 3125610 °= 0.0031%
10 x (8x10 ")
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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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CPFSGT Compare f with W, Skip if f > W CPFSLT Compare f with W, Skip if f <W
Syntax: CPFSGT f{.a} Syntax: CPFSLT f{,a}
Operands: 0<f<255 Operands: 0<f<255
a < [0,1] ac[0,1]
Operation: (f) — (W), Operation: (f) — (W),
skip if () > (W) skip if (f) < (W)
(unsigned comparison) (unsigned comparison)
Status Affected: None Status Affected: None
Encoding: | 0110 | 010a | FEEf | FEEf | Encoding: ‘ 110 | oo ‘ p | p ‘
Description: Compares the contents of data memory o
location ‘f’ to the contents of the W by Description: Com‘parc‘sé the contents of data memory
performing an unsigned subtraction. Iocrefltlfr:ir: tor:henc?nr:ezts Ogt\rN tt)lyn
If the contents of ‘' are greater than the perio ganu ‘s‘g ©d sublraction.
contents of WREG, then the fetched If the contents of ‘f’ are less than the
instruction is discarded and a NOP is contents of W, then the fetched
executed instead, making this a |nstructloq is dlscardeq and aNoris
two-cycle instruction. :;E_C:t;: Ii:ztt?jg{ior:akmg this a
If ‘@’ is ‘0’, the Access Bank is selected. o .y‘ i ) .
Ifa’is 1, the BSR is used to select the If ‘a‘ is (O,' the Acce§s Bank is selected.
GPR bank (default). Icf_:‘Frlesb 1 i(thde ]I?Sllzt{ is used to select the
If ‘a’ is ‘0’ and the extended instruction ank (default).
set is enabled, this instruction operates Words: 1
in Indexed Literal Offset Addressing Cycles: 1(2)
mode whenever f <95 (5Fh). See i .
Section 25.2.3 “Byte-Oriented and Note: :; Cgcée_}:vgrzl(ifszﬁigguowed
Bit-Oriented Instructions in Indexed y '
Literal Offset Mode” for details. Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1(2) Decode Read Process No .
Note: 3 cycles if skip and followed - register 'f Data operation
by a 2-word instruction. If skip:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
Decode Read Process No operation operation operation operation
register ‘f Data operation If skip and followed by 2-word instruction:
If skip: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
No No No No operation operation operation operation
operation operation operation operation No No No No
If skip and followed by 2-word instruction: operation operation operation operation
Q1 Q2 Q3 Q4
No No No No Example: HERE CPFSLT REG, 1
operation operation operation operation NLESS
No No No No LESS
operation operation operation operation Before Instruction
. PC = Address (HERE)
Example: HERE CPFSGT REG, 0 w - 2
NGREATER After Instruction
GREATER If REG < ;
Before Instruction ::f’CREG = Address (LESS)
\leC = Address (HERE) PC = Address (NLESS)
After Instruction
If REG > W,
PC = Address (GREATER)
If REG < ;
PC = Address (NGREATER)

© 2009 Microchip Technology Inc.
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TABLE 27-2: COMPARATOR SPECIFICATIONS
Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +85°C (unless otherwise stated).

P:lr:m Sym Characteristics Min Typ Max Units Comments
D300 VIOFF Input Offset Voltage — 5.0 +10 mV
D301 VicM Input Common Mode Voltage*® 0 — VbD-1.5 \
D302 CMRR  |Common Mode Rejection Ratio* 55 — — dB
300 TRESP  |Response Time(")" — 150 400 ns  |[PIC18FXXXX
300A — 150 600 ns |PIC18LFXXXX,

VDD = 2.0V
301 Tmc2ov |Comparator Mode Change to — — 10 us
Output Valid*

*

These parameters are characterized but not tested.

Note 1: Response time measured with one comparator input at (VDD — 1.5)/2 while the other input transitions
from Vss to VDD.

TABLE 27-3: VOLTAGE REFERENCE SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +85°C (unless otherwise stated).

Pilrjm Sym Characteristics Min Typ Max | Units Comments

D310 VRES Resolution \VDD/24 — VbD/32 | LSb

D311 VRAA Absolute Accuracy — — 1/4 LSb |Low Range (CVRR =1)

— — 1/2 LSb |High Range (CVRR = 0)

D312 VRUR Unit Resistor Value (R)* — 2k — Q

310 TSET Settling Time(®" — — 10 us

*

Note 1:

These parameters are characterized but not tested.
Settling time measured while CVRR = 1 and CVR3:CVRO transitions from ‘0000’ to ‘1111".

© 2009 Microchip Technology Inc.
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FIGURE 27-12: EXAMPLE SPI MASTER MODE TIMING (CKE = 0)

70—

; , . . 78 79
(CKP = 1) l \ : \
| : ' e e
79 78

SDI

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

TABLE 27-14: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)

Pi{:m Symbol Characteristic Min Max | Units | Conditions
73 TpiV2scH, |Setup Time of SDI Data Input to SCK Edge 100 — ns
TpbivV2scL
74 TscH2DIL, |Hold Time of SDI Data Input to SCK Edge 100 — ns
TscL2pIL
75 TDOR SDO Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD = 2.0V
76 TDboF SDO Data Output Fall Time — 25 ns
78 TscR SCK Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD = 2.0V
79 TscF SCK Output Fall Time — 25 ns
80 TscH2boV, |SDO Data Output Valid after PIC18FXXXX — 50 ns
TscL2poV  |SCK Edge PIC18LFXXXX — 100 | ns [VDD=2.0V
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RDO/PSPO/CAIN e 22
RD1/PSP1/C1IN-
RD2/PSP2/C2IN+ ...
RD3/PSP3/C2IN-
RD4/PSP4/ECCP1/P1A .. 22
RD5/PSPS/P1B .............

RD6/PSP6/P1C ...
RD7/PSP7/P1D ...
REO/RD/ANS ...
RET/WR/IANS/CTOUT ..o 23
RE2/CS/ANTIC20UT ..o 23

Pinout 1/O Descriptions
PIC18F2682/2685 .......ccceeiiiiiiiieiieeieeeeeeee e 14
PIC18F4682/4685 ...
PIR REQISIErS ..o
PLL Frequency MUltiplier .........ccceeiriiieiniiiiiece e, 27
HSPLL Oscillator Mode ..........ccocoeeeniiieiieee e 27
INTOSC MOES .....cvvieiieiiieiie et
Use with INTOSC
PLL LOCK TimMeE-0UL .....ooiiiiiiiiiiieieie e
POP s
POR. See Power-on Reset.
PORTA
Associated Registers ........cccccoviiiiiiiniiniiiieee, 133
/O SUMMAY ..o
LATA REGISLET ...t
PORTA Register .
TRISA Register
PORTB

Associated Registers ........cccccooiniiiiininiiiieee, 136
/O SUMMAY ..o
LATB Register
PORTB Register .......cccoocimiiiniiiiii e 134
RB7:RB4 Interrupt-on-Change Flag (RBIF Bit) ........ 134
TRISB REGIStEr ....ccviiiiiiiiiiie e 134
PORTC
Associated Registers .........cccccviiiiiiiniiiiiiiiceeen 139
1/O SUMMANY ..ot 138
LATC RegiSter .....ccooiiiiiiiiieiiienic e 137
PORTC Register . . 137
RC3/SCK/SCL Pin .. ....203
TRISC ReGiSter ....occviiiiiiiiiiie e 137
PORTD
Associated Registers ........ccccooiiiiiiiiiniinniincee, 142
I/O Summary .............. 141
LATD Register .......ccccvvveviiinnenns ... 140
Parallel Slave Port (PSP) Function ... 140
PORTD REQGIStEr ....ccveiiiiiiiiiiieiiie e 140
TRISD RegiSter ......coooiiiiiiiiiiiiiieiiee e 140
PORTE
Associated Registers ........ccccooiiiiiiiniinniicee, 145
/O SUMMAY ..o 145
LATE Register .....cccovviiiiiiieie e 143
PORTE Register ......ccccooiiiiniiiiii e 143
PSP Mode Select (PSPMODE Bit)
TRISE RegISter .....cccociiiiiiiiiiiieieeee e
Postscaler, WDT
Assignment (PSA Bit) .....cccoooviiieiiiii e 151
Rate Select (TOPS2:TOPSO Bits) ......... ... 151
Switching Between Timer0 and WDT ..........ccceeee. 151

Power-Managed Modes ............cccceeciiiiinnieiiiieiie e
ClOCK SOUMCES ...t
Clock Transitions and Status Indicators .. .
ENtering ...oooceoeiie e
Exiting Idle and Sleep Modes ..........ccoceevviiiieieennen.

By Interrupt .........cccceeeee.

By Reset ................

By WDT Time-out ......cccceevvvreeenene .

Without an Oscillator Start-up Delay ................. 42
IdIe MOAES ...

PRI_IDLE ....

RC_IDLE .....

SEC_IDLE ....cccvevienee .
Multiple Sleep Commands .........c.ccoceerveeiieiieenceeenen. 36
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