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PIC18CXX8

5.0 TABLE READS/TABLE WRITES

All PICmicro® devices have two memory spaces: the
program memory space and the data memory space.
Table Reads and Table Writes have been provided to
move data between these two memory spaces through
an 8-bit register (TABLAT).

The operations that allow the processor to move data
between the data and program memory spaces are:

» Table Read (TBLRD)
e Table Write (TBLWT)

FIGURE 5-1: TABLE READ OPERATION

Table Read operations retrieve data from program
memory and place it into the data memory space.
Figure 5-1 shows the operation of a Table Read with
program and data memory.

Table Write operations store data from the data mem-
ory space into program memory. Figure 5-2 shows the
operation of a Table Write with program and data
memory.

Table operations work with byte entities. A table block
containing data is not required to be word aligned, so a
table block can start and end at any byte address. If a
table write is being used to write an executable pro-
gram to program memory, program instructions will
need to be word aligned.

TABLE POINTER ()

TBLPTRU 3 TBLPTRH 3 TBLPTRL

PROGRAM MEMORY

TABLE LATCH (8-bit)

TABLAT

ﬁ—”

Instruction: TBLRD* (TBLPTR)

Program Memory | ~——

Note 1: Table Pointer points to a byte in program memory.

FIGURE 5-2: TABLE WRITE OPERATION

TABLE POINTER @

TBLPTRU | TBLPTRH : TBLPTRL

PROGRAM MEMORY

TABLE LATCH (8-bit)

TABLAT

Program Memory
Instruction: TBLWT* (TBLPTR)

Note 1: Table Pointer points to a byte in program memory.
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523 LONG WRITE INTERRUPTS

The long write must be terminated by a RESET or any
interrupt.

The interrupt source must have its interrupt enable bit
set. When the source sets its interrupt flag, program-
ming will terminate. This will occur regardless of the
settings of interrupt priority bits, the GIE/GIEH bit or the
PIE/GIEL bit.

Depending on the states of interrupt priority bits, the
GIE/GIEH bit or the PIE/GIEL bit, program execution
can either be vectored to the high or low priority Inter-
rupt Service Routine (ISR), or continue execution from
where programming commenced.

In either case, the interrupt flag will not be cleared
when programming is terminated and will need to be
cleared by the software.

5.3 Unexpected Termination of Write
Operations

If a write is terminated by an unplanned event such as
loss of power, an unexpected RESET, or an interrupt
that was not disabled, the memory location just pro-
grammed should be verified and reprogrammed if
needed.

TABLE 5-2: SLEEP MODE, INTERRUPT ENABLE BITS AND INTERRUPT RESULTS
GIE/ PIE/ A Interrupt | Interrupt .
GIEH GIEL Priority Enable Flag Action
X X X 0 X Long write continues even if interrupt flag
(default) becomes set during SLEEP.
X X X 1 Long write continues, will wake when
the interrupt flag is set.
0 0 X 1 Terminates long write, executes next instruction.
(default) | (default) Interrupt flag not cleared.
0 1 1 1 Terminates long write, executes next instruction.
(default) high priority Interrupt flag not cleared.
(default)
1 0 0 1 Terminates long write, executes next instruction.
(default) low Interrupt flag not cleared.
0 1 0 1 Terminates long write, branches to low priority
(default) low interrupt vector.
Interrupt flag can be cleared by ISR.
1 0 1 1 Terminates long write, branches to high priority
(default) high priority interrupt vector.
(default) Interrupt flag can be cleared by ISR.
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REGISTER 7-6:

PIE2 bit 7
bit 6

bit 5-4
bit 3

bit 2

bit 1

bit 0

PIE3 bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PIE REGISTERS (CONT’'D)

Unimplemented: Read as '0’

CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt

0 = Disables the comparator interrupt
Unimplemented: Read as '0’

BCLIE: Bus Collision Interrupt Enable bit

1 = Enabled

0 = Disabled

LVDIE: Low-voltage Detect Interrupt Enable bit
1 = Enabled

0 = Disabled

TMR3IE: TMR3 Overflow Interrupt Enable bit
1 = Enables the TMR3 overflow interrupt

0 = Disables the TMR3 overflow interrupt

CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

IVRE: Invalid CAN Message Received Interrupt Enable bit
1 = Enables the Invalid CAN Message Received Interrupt
0 = Disables the Invalid CAN Message Received Interrupt
WAKIE: Bus Activity Wake-up Interrupt Enable bit

1 = Enables the Bus Activity Wake-Up Interrupt

0 = Disables the Bus Activity Wake-Up Interrupt

ERRIE: CAN Bus Error Interrupt Enable bit

1 = Enables the CAN Bus Error Interrupt

0 = Disables the CAN Bus Error Interrupt

TXB2IE: Transmit Buffer 2 Interrupt Enable bit
1 = Enables the Transmit Buffer 2 Interrupt
0 = Disables the Transmit Buffer 2 Interrupt

TXB1IE: Transmit Buffer 1 Interrupt Enable bit
1 = Enables the Transmit Buffer 1 Interrupt
0 = Disables the Transmit Buffer 1 Interrupt

TXBOIE: Transmit Buffer O Interrupt Enable bit
1 = Enables the Transmit Buffer O Interrupt

0 = Disables the Transmit Buffer O Interrupt
RXBL1IE: Receive Buffer 1 Interrupt Enable bit
1 = Enables the Receive Buffer 1 Interrupt

0 = Disables the Receive Buffer 1 Interrupt
RXBOIE: Receive Buffer 0 Interrupt Enable bit
1 = Enables the Receive Buffer O Interrupt

0 = Disables the Receive Buffer 0 Interrupt

Legend:
R = Readable hit 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

© 2000 Microchip Technology Inc. Advanced Information
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8.4 PORTD, TRISD and LATD Reaqisters

PORTD is an 8-bit wide, bi-directional 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
hi-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).

Read-modify-write operations on the LATD register
reads and writes the latched output value for PORTD.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output.

PORTD can be configured as an 8-bit wide micro-
processor port (parallel slave port), by setting control
bit PSPMODE (PSPCON register). In this mode, the
input buffers are TTL. See Section 9.0 for additional
information on the Parallel Slave Port (PSP).

EXAMPLE 8-4: INITIALIZING PORTD

CLRF PORTD ; Initialize PORTD by
; clearing output
; data latches
CLRF LATD ; Alternate method
; to clear output
; data latches

MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISD ; Set RD3:RDO as inputs

; RD5:RD4 as outputs
; RD7:RD6 as inputs

FIGURE 8-7: PORTD BLOCK DIAGRAM
IN I/O PORT MODE

RD LATD
Data
E X
1/0 Pin
WR LATD
or CK
WR PORTD Data Latch
e—{ D Q
Schmitt
WR TRISD Trigger
Akl Y,
TRIS Latch Buffer
\,/I\l
RD TRISD
/‘ Q D

EN
RD PORTD [:>O _1

Note: 1/O pins have diode protection to VDD and Vss.

© 2000 Microchip Technology Inc.
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FIGURE 16-5: ASYNCHRONOUS RECEPTION

RX (pin START, START START
(P bit_Abito X bitt XSS Ybitrre/sToP\ bit 4 bito S5 Xbitrrs STOP\ bit LSS i STOP
bit it ' it
Rcv shift '
CC [ C [ C :
{'\?gv buffer r;_; D) ' )) J) !
T oo werez | '
Read Rcv C : RCREG C C : Mn
buffer reg D) T D) D) T
RCREG ! . }
RCIF C f ()() ()() L
(interrupt flag) pD) '
OERR bit (S S (S I
CREN C C C ‘>
J)J) pD) J)J |
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.

TABLE 16-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF| INTOIF RBIF 0000 000x 0000 000u
PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF| TMR2IF | TMR1IF| 0000 0000 0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE| TMR2IE | TMR1IE| 0000 0000 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP| 0000 0000 0000 0000
RCSTA SPEN RX9 SREN | CREN — FERR | OERR | RX9D | 4000 -00x | 0000 -00x
RCREG USART Receive Register 0000 0000 0000 0000
TXSTA CSRC 9 | TXEN ’ SYNC ‘ ADDENI BRGH ‘ TRMT ’ TXD | 0000 0010 | 0000 0010
SPBRG Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Reception.
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16.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master
mode, in that the shift clock is supplied externally at the
RC6/TX/CK pin (instead of being supplied internally in
Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA register).

16.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

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

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

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

¢) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will be set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

Clear bits CREN and SREN.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting enable bit

TXEN.

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

7. Start transmission by loading data to the

TXREG register.

SN

16.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode and bit SREN, which is a "don’t care" in Slave
mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register,
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector.

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete. An interrupt will be generated if enable bit

RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

ok wDn
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FIGURE 17-5:

MESSAGE ACCEPTANCE MASK AND FILTER OPERATION

Acceptance Filter Register

RXFng

Acceptance Mask Register

RXMn,

—3

=)

RXMn,

RXFnlsz:?

RXFn,,

RXMn,,

D5

Message Assembly Buffer

Identifier
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17.8 Synchronization

To compensate for phase shifts between the oscillator
frequencies of each of the nodes on the bus, each CAN
controller must be able to synchronize to the relevant
signal edge of the incoming signal. When an edge in
the transmitted data is detected, the logic will compare
the location of the edge to the expected time (Sync
Seg). The circuit will then adjust the values of phase
segment 1 and phase segment 2, as necessary. There
are two mechanisms used for synchronization.

17.8.1 HARD SYNCHRONIZATION

Hard Synchronization is only done when there is a
recessive to dominant edge during a BUS IDLE condi-
tion, indicating the start of a message. After hard syn-
chronization, the bit time counters are restarted with
Sync Seg. Hard synchronization forces the edge, which
has occurred to lie within the synchronization segment
of the restarted bit time. Due to the rules of synchroni-
zation, if a hard synchronization occurs, there will not
be a resynchronization within that bit time.

17.8.2 RESYNCHRONIZATION

As a result of Resynchronization, phase segment 1
may be lengthened, or phase segment 2 may be short-
ened. The amount of lengthening or shortening of the
phase buffer segments has an upper bound given by
the Synchronization Jump Width (SJW). The value of
the SJW will be added to phase segment 1 (see
Figure 17-7), or subtracted from phase segment 2 (see
Figure 17-8). The SJW is programmable between 1 TQ
and 4 TQ.

Clocking information will only be derived from reces-
sive to dominant transitions. The property that only a
fixed maximum number of successive bits have the
same value, ensures resynchronization to the bit
stream during a frame.

The phase error of an edge is given by the position of
the edge relative to Sync Seg, measured in TQ. The
phase error is defined in magnitude of TQ as follows:

« e =0 if the edge lies within SYNCESEG.
« e > 0if the edge lies before the SAMPLE POINT.

* e <0if the edge lies after the SAMPLE POINT of
the previous bit.

If the magnitude of the phase error is less than, or equal
to, the programmed value of the synchronization jump
width, the effect of a resynchronization is the same as
that of a hard synchronization.

If the magnitude of the phase error is larger than the
synchronization jump width, and if the phase error is
positive, then phase segment 1 is lengthened by an
amount equal to the synchronization jump width.

If the magnitude of the phase error is larger than the
resynchronization jump width, and if the phase error is
negative, then phase segment 2 is shortened by an
amount equal to the synchronization jump width.

17.8.3 SYNCHRONIZATION RULES

e Only one synchronization within one bit time is
allowed.

¢ An edge will be used for synchronization only if
the value detected at the previous sample point
(previously read bus value) differs from the bus
value immediately after the edge.

« All other recessive to dominant edges, fulfilling
rules 1 and 2, will be used for resynchronization
with the exception that a node transmitting a dom-
inant bit will not perform a resynchronization, as a
result of a recessive to dominant edge with a pos-
itive phase error.
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21.1 Control Reaqister

The Low Voltage Detect Control register (Register 21-1)
controls the operation of the Low Voltage Detect
circuitry.

REGISTER 21-1: LVDCON REGISTER

uU-0 uU-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
— — IRVST LVDEN LVDL3 LVDL2 LvDL1 LVDLO
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0'
bit 5 IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the Low Voltage Detect logic will generate the interrupt flag at the specified
voltage range

0 = Indicates that the Low Voltage Detect logic will not generate the interrupt flag at the spec-
ified voltage range and the LVD interrupt should not be enabled

bit 4 LVDEN: Low Voltage Detect Power Enable bit
1= Enables LVD, powers up LVD circuit
0 = Disables LVD, powers down LVD circuit

bit 3-0 LVDL3:LVDLO: Low Voltage Detection Limit bits
1111 = External analog input is used (input comes from the LVDIN pin)
1110 =4.5V min - 4.77V max.
1101 = 4.2V min - 4.45V max.
1100 = 4.0V min - 4.24V max.; Reserved on PIC18CXX8
1011 = 3.8V min - 4.03V max.; Reserved on PIC18CXX8
1010 = 3.6V min - 3.82V max.; Reserved on PIC18CXX8
1001 = 3.5V min - 3.71V max.; Reserved on PIC18CXX8
1000 = 3.3V min - 3.50V max.; Reserved on PIC18CXX8
0111 = 3.0V min - 3.18V max.; Reserved on PIC18CXX8
0110 = 2.8V min - 2.97V max.; Reserved on PIC18CXX8
0101 =2.7V min - 2.86V max.; Reserved on PIC18CXX8
0100 = 2.5V min - 2.65V max.; Reserved on PIC18CXX8
0011 = Reserved on PIC18CXX8 and PIC18LCXX8
0010 = Reserved on PIC18CXX8 and PIC18LCXX8
0001 = Reserved on PIC18CXX8 and PIC18LCXX8
0000 = Reserved on PIC18CXX8 and PIC18LCXX8

Note: LVDL3:LVDLO modes which resultin a trip point below the valid operating voltage of
the device are not tested.

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
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21.2 Operation

Depending on the power source for the device voltage,
the voltage normally decreases relatively slowly. This
means that the LVD module does not need to be con-
stantly operating. To decrease current consumption,
the LVD circuitry only needs to be enabled for short
periods, where the voltage is checked. After doing the
check, the LVD module may be disabled.

Each time that the LVD module is enabled, the circuitry
requires some time to stabilize. After the circuitry has
stabilized, all status flags may be cleared. The module
will then indicate the proper state of the system.

The following steps are needed to setup the LVD
module:

1. Write the value to the LVDL3:LVDLO bits
(LVDCON register), which selects the desired
LVD Trip Point.

2. Ensure that LVD interrupts are disabled (the
LVDIE hit is cleared or the GIE bit is cleared).

3. Enable the LVD module (set the LVDEN bit in
the LVDCON register).

4. Wait for the LVD module to stabilize (the IRVST
bit to become set).

5. Clear the LVD interrupt flag, which may have
falsely become set, until the LVD module has
stabilized (clear the LVDIF bit).

6. Enable the LVD interrupt (set the LVDIE and the

GIE bits).

Figure 21-3 shows typical waveforms that the LVD
module may be used to detect.

FIGURE 21-3: LOW VOLTAGE DETECT WAVEFORMS

CASE 1:
LVDIF may not be set
VDD /
______ v_______}lﬁj[___________ VLVD
LVDIF |
A
Enable LVD |
|
Internally Generated !<— 50 ms—]

Reference Stable

LVDIF cleared in software

LVDIF

Enable LVD |
|
|

Internally Generated
Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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22.0 SPECIAL FEATURES OF THE
CPU

There are several features intended to maximize sys-
tem reliability, minimize cost through elimination of
external components, provide power saving operating
modes and offer code protection:
* OSC Selection
* RESET

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Programmable Brown-out Reset (BOR)
* Interrupts
* Watchdog Timer (WDT)
e SLEEP
» Code Protection
 |ID Locations
« In-circuit Serial Programming
PIC18CXX8 devices have a Watchdog Timer, which is
permanently enabled via the configuration bits or it can
be software-controlled. It runs off its own RC oscillator
for added reliability. There are two timers that offer nec-
essary delays on power-up. One is the Oscillator
Start-up Timer (OST), intended to keep the chip in
RESET until the crystal oscillator is stable. The other is
the Power-up Timer (PWRT), which provides a fixed
delay on power-up only, designed to keep the part in
RESET while the power supply stabilizes. With these
two timers on-chip, most applications need no external
RESET circuitry.

SLEEP mode is designed to offer a very low current
Power-down mode. The user can wake-up from
SLEEP through external RESET, Watchdog Timer
Wake-up or through an interrupt. Several oscillator
options are also made available to allow the part to fit
the application. The RC oscillator option saves system
cost, while the LP crystal option saves power. A set of
configuration bits are used to select various options.

22.1 Configuration Bits

The configuration bits can be programmed (read as '0’),
or left unprogrammed (read as '1'), to select various
device configurations. These bits are mapped starting
at program memory location 300000h.

The user will note that address 300000h is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h - 3FFFFFh),
which can only be accessed using table reads and
table writes.

TABLE 22-1: CONFIGURATION BITS AND DEVICE ID’S

Default/

Filename Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed

Value
300000h |CONFIGIL| CP CP cP cP cP cP CP CP 1111 1111
300001h | CONFIG1H r r |OSCSEN| — — FOSC2 | FOSC1 | FOSCO 111- -111
300002h | CONFIG2L — — — = BORV1 | BORVO | BODEN | PWRTEN | ---- 1111
300003h |CONFIG2H| — — — — | WDTPS2 | WDTPS1 | WDTPSO | WDTEN —--- 1111
300006h | CONFIGAL — — — = — — r STVREN | ---- -- 11
3FFFFEh | DEVID1 DEV2 |DEV1| DEVO |REV4| REV3 REV2 REV1 REVO 1111 1111
3FFFFFh | DEVID2 DEV10 | DEV9| DEV8 |DEV7| DEV6 DEV5 DEV4 DEV3 1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition, r = reserved.

Grayed cells are unimplemented, read as '0’.
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ADDWFC ADD WREG and Carry bit to f ANDLW AND literal with WREG
Syntax: [label ] ADDWFC f[,d[,a]] Syntax: [label] ANDLW k
Operands: 0<f<255 Operands: 0<k< 255

g i Egﬂ Operation: (WREG) .AND. k - WREG
Operation: (WREG) + (f) + (C) — dest Status Affected: N2
Status Affected: N0V, C, DC, Z Encoding: | o000 [ 1011 | i | o |
Encoding: ‘ 0010 ‘ 00da ‘ FEEE ‘ FEEE ‘ Description: \Tvnﬁ (t:r?gtse-rg; I(i)tfe\g\?'llf'GTar:z ﬁ‘gatelg
Description: Add WREG, the Carry Flag and data placed in WREG.

memory location 'f'. If 'd" is 0, the .

result is placed in WREG. If 'd’ is 1, Words: 1
the result is placed in data memory Cycles: 1
Iocation_ 'f. If'a’is 0, the Ac_cess Q Cycle Activity:
Bank will be selected. If 'a’ is 1, the

Bank will be selected as per the Q1 Q_2 Q3 - Q4
BSR value. Decode Read literal Process Write to W
K Data
Words: 1
Cycles: 1 Example: ANDLW 0x5F
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 WREG = OxA3
Decode Read Process Write to N = ?
register f’ Data destination z = 7
After Instruction
Example: ADDWEC REG, W \lilVREG = (0)x03
Before Instruction Z = 0
C = 1
REG = 0x02
WREG = 0x4D
N = ?
oV = ?
DC = ?
A = ?
After Instruction
c = 0
REG = 0x02
WREG = 0x50
N = 0
ov = 0
DC = 0
A = 0
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SWAPF Swap nibbles in f
Syntax: [label] SWAPF f[,d[,a]]
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (f<3:0>) — dest<7:4>,
(f<7:4>) — dest<3:0>
Status Affected:  None
Encoding: ‘ 0011 ‘ 10da ’ ffff ‘ ffff ‘
Description: The upper and lower nibbles of reg-
ister 'f' are exchanged. If 'd’is O, the
result is placed in WREG. If 'd’is 1,
the result is placed in register 'f’
(default). If 'a’ is 0, the Access
Bank will be selected, overriding
the BSR value. If'a’is 1, the Bank
will be selected as per the BSR
value.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f’ Data destination
Example: SWAPF  REG

Before Instruction

REG

= 0x53

After Instruction

REG

= 0x35
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FIGURE 25-10: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

CCPx

(Capture Mode) —m

50 v 51 —.

52

CCPx % l I %

(Compare or PWM Mode)

- 53— 54 -~

Note: Refer to Figure 25-4 for load conditions.

TABLE 25-9: CAPTURE/COMPARE/PWM REQUIREMENTS (CO@\K\VD CCP2)

Param. Symbol Characteristic . @WW Units | Conditions

No.
50 TccL [ CCPxinputlow | No Prescaler \ B5Tsy V20 — ns

time With PIc1sCx@ N |\ [ 1o — ns
Prescaler ﬂ(\l\&Lk;\)@‘& 20 — ns
X\)

51 TeeH CCPx input No Pr | }\ 0.5Tcy + 20 — ns
high time Wit oPsCxxs 10 — ns
Prescaler\PPIC18LCXX8 20 — ns

52 TecP CCPxi rW 3Tcy +40 — ns |N = prescale
N\ N value (1,4 or 16)

53 TceR @@wtime PIC18CXX8 — 25 ns

) PIC18LCXX8 — 45 ns
54 chﬁ\g CCPx output fall time PIC18CXX8 — 25 ns
PIC18LCXX8 — 45 ns
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27.0 PACKAGING INFORMATION

27.1 Package Marking Information

64-Lead TQFP

O

MicrocHIP
XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

O YYWWNNN

68-Lead PLCC

O -
Mucgcup

XXXXXXX XXX XXX XXXX

XXXXXXXXXXXXXXXXX

XXXXXX XXX XXX XXXXX

XXXXXXX XXX XXX XXXX

0 9,9.9.9.9.9,9,9,9,9,9,9,9,9,9,9,
YYWWNNN

80-Lead TQFP

MicrocHIP
HXXXXX XXX XXXX
XXXXXXXXXXXX

YYWWNNN

©)

Example

O

MicROCHIP

PIC18C658-I/PT

O 0017017

Example

O -
Mucgcup
PIC18C658-1/L

0017017

Example

MicroOCHIP
P1C18C858-I/PT

0017017

©)

Legend: XX..X Customer specific information*
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01")
NNN Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*

Standard OTP marking consists of Microchip part number, year code, week code and traceability code.

For OTP marking beyond this, certain price adders apply. Please check with your Microchip Sales
Office. For QTP devices, any special marking adders are included in QTP price.
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e E

|

E1l
#leads=n1

EETRTRTRRRRTAAA

i

O

oo

2
1

A
R

CH x 45°

64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

\‘ /a wmilililalalalalalabalntabatililil o g
Al—
[— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 64 64
Pitch p .020 0.50
Pins per Side nl 16 16
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle o 0 3.5 7 0 3.5 7
Overall Width E 463 AT2 482 11.75 12.00 12.25
Overall Length D 463 AT2 482 11.75 12.00 12.25
Molded Package Width E1l .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .005 .007 .009 0.13 0.18 0.23
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MS-026
Drawing No. C04-085
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RETURN ..ot 293
RLCF e 293
RLNCF ..o 294
RRCF oo 294
RRNCF e 295

SUBWEFB .....ooiiiiiii s 299
SWAPFE e 300
TABLRD ..o 301
TABLWT oo, 302
TSTESZ oo 303

Summary Table ......coceviiiiiiiiie e 264
INT Interrupt (RBO/INT). See Interrupt Sources

INTCON Register

RBIF Bit ceiieeeiie et 91
Inter-Integrated Circuit. See 12C
Interrupt ACKNOWIEAQE .....ccvvveiiiiiiiiiiieeeiee e 226
INErTUPt SOUICES ...ooeiiiieiiiie e 75, 251
A/D Conversion Complete .......cccoecvveeevieiveniiieenieeenn, 231
Capture Complete (CCP) ...cocvveiiiiiiiiie e 129
Compare Complete (CCP) ....ccceeviireiiiienieesieeniee 130
Interrupt-on-Change (RB7:RB4 ) .......cccoevvivvinncennene 91
RBO/INT Pin, EXternal ..........ccccoovieiiiiiiiiiiiieee, 88
SSP Receive/Transmit Complete ..........ccccceveerinnne 135
TMRO OVEMlOW ...ovviiiiiieeciiieecee e 116
TMR1 Overflow ....... .. 117, 119
TMR2 t0 PR2 Match ......occoeviiiiiiecieeee e 122
TMR2 to PR2 Match (PWM) ......ccccccovvevreiann. 121, 132
TMR3 OVerflow ......ccccociiviiiiiiiiicieieeen, 123, 125
USART Receive/Transmit Complete ...........c.ccc.c..... 167
INEEITUPLS . 225
Interrupts, Enable Bits
CCP1 Enable (CCPLIE Bit) ...ccevevevvereereeceerecesnens 129
Interrupts, Flag Bits
A/D Converter Flag (ADIF Bit) ......cccccovvvveniiiieeniinenn. 230

CCP1 Flag (CCPLIF Bit) ...cvvvvverveereenn 128, 129, 130
Interrupt on Change (RB7:RB4) Flag (RBIF Bit) ........ 91
IORLW .ottt 284
IORWE e 284
K
KeeLoQ Evaluation and Programming Tools ................... 308
L
Lengthening a Bit Period ...........ccocevviiniiniecicniececnn 221

Listen Only Mode
Loopback Mode

M
Memory Organization
Data MEMOIY ...oeviiiiiiiiiieie e 48
Program Memoty .... .41
Message Acceptance Filter ..........cccoovviiiiiienicnniencee, 217
Message Acceptance Filters and Masks ..........cccccceeene 216
Message RECEPLION .......ceeiiiiieeiiiie et 213
Message Reception Flowchart ............ccccoecveiiiniiincennnn. 215
MOVEP e
MOVLB ..
MOVLR ..
MOVLW .
MOVWE .o

MPLAB Integrated Development

Environment SOftware ..........cccccevvvvveeeieiiiiieeieee e, 305
MULLW ottt et 288
Multi-Master MOde .......ccccvvveeieiiiiiiieieee e 162
Multiply Examples

16 X 16 ROULINE ..oooiiiiiiiiie e

16 x 16 Signed Routine ...

8 x 8 Routine ................

8 X 8 Signed ROULINE .......cooviiiiiiiiieieeceeee e
MULWE e e
N
NEGW oottt etae e eaae e eanes 289
NOP et 289
NOrmal MOAE ......uviiiiiieiciee e 210
O
OPTION_REG REQISIET ....ccviiiiiiiiieiiiecitenee et 64

PS2:PS0 Bits ............. .. 115

PSA Bt ...... .. 115

TOCS Bit vvvveeiieeiiciieie e 115

TOSE Bit vvvvveeeeeceeiiieie ettt 115
OSCCON et e e bae e 25
OSCCON REGISEET ...oeuiiiiieiiiee ettt 25
Oscillator Configuration ..... 21,251

HS ........... .21

HS + PLL .21

L P e 21

RC e 21,23

RCIO ot 21

D LT 21
OsCillator TOIEIANCE .......veeeieiiiiiiiieee e 222
Oscillator, TIMErl .....ccoccvveeeieeiiiiieee e 117,119, 123
Oscillator, TIMEI3 ......vvviieiieeciiieee e e 125
Oscillator, WDT .. .. 255
OVEIVIEW v eectie ettt ee e e et a e e e enarnees 183
P
PaCKAGING ....veeieieiiiiiieiiese e
Parallel Slave Port (PSP) ...

Block Diagram ...........

REO/RD ..o

REL/WR ..o

RE2/CS ..o

Read Waveforms ........cccccoeeeevcivieieeeeccieeee e

Select (PSPMODE Bit) . 95, 109

Timing Diagram ...... .. 328

Write Waveforms ....... 111
Phase Buffer SEgments .........cccooeeiiiieeiiiiee e 219
PICDEM 1 Low Cost PICmicro Demo Board ................... 307
PICDEM 2 Low Cost PIC16CXX Demo Board ................ 307
PICDEM 3 Low Cost PIC16CXXX Demo Board .............. 308
PICSTART Plus Entry Level Development System ......... 307
Pin Functions

AvDD

Avss

MCLR/VPP .

OSC1/CLKI

OSC2/CLKO ..ttt 12

RAO/AND ...ttt 13

RALIANL ..ot 13
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RBL/INTL ottt
RB2/INT2 ..
RB3/INT3 ..

RB7. oo
RCO/MLOSO/TICKI oo 15
RCLTLOS| eoceeieivevieeissenesssseeessiseesessssseisesss s 15
RC2/ICCPL oo 15
RCBISCKISCL .ovvvvveeeieeveeeeeiensseseeessieeessssseee 15
RCA/SDI/SDA ..covvvevoeenreseeveeeessesseseessseessesssssseee 15
LTS o TSRO 15
RCBITXICK e 15
RCTIRXIDT v 15
RDO/ADO ...oooervevveceiaaaeesssseeessseses e

RDO/PSPO ...

RD1/ADL ...
RD1/PSP1 .
RD2/AD2 ...
RD2IPSP2 ...cccivvvriviiannnessseseeessssesssssssessesssssse

RDB/ADS ..ooooeivevvicesisnnscesssseeessssse s 16
RD3/PSP3 .....cocivivvivieasnnisesseeeees s 16
RDA/ADA ... 16
RDA/PSPA .....ccivvvveeieisnnsesessseeessssessss s 16
RDS/ADS ...

RD5/PSP5 .
RD6/ADS ...
RD6/PSP6 .
RD7/ADT oot
RD7/PSP7
REO/ALE
REO/RD ...
RE1/OE ..
REL/WR .
RE2/CS ...
RE2/WRL
REB/WRH ...

RE7/CCP2
RFO/AN5 ...
RF1/ANG ...
RF2/AN7 ...

Vss
POINter, FSR ..ot 61
POR. See Power-on Reset
PORTA

INILIANZALION ©..vvveeeeecccceee e

PORTA Register .........cccoee..

RA3:RAO0 and RA5 Port Pins ...

RA4/TOCKI Pin ....coveeevennee. .

TRISA REGISIEN ..uiiieiiiiiee it
PORTB

INILIANZALION ©..vvveeeeeccceee e 91

PORTB REQISIEr ...t 91

RBO/INT Pin, External .. .

RB3:RBO POrt Pins ......cccvevveeeeeiiiiiiieeee e .91

RB7:RB4 Interrupt on Change Flag (RBIF Bit) . .

RB7:RB4 POrt PiNS ...cccuvviiiieeiieciieee e 91

TRISB REQISIET ...ttt 91
PORTC

BIOCK Diagram .......ccoccveivimniiiiiiiniie e 93

INILIANZALION ©..vvveeeeeccccceee e 93

PORTC REQISLEN .ccuviiiiiiiiee ittt 93

RC3/SCK/SCL Pin .

RC7/RX/DT Pin .. 169
TRISC Register .. .93, 167
PORTD oottt 109
BIOCK Diagram .......ccoccververniiiiiiiniie e 95
INitialization ..o, 95
Parallel Slave Port (PSP) Function ............cccecveeenee. 95
PORTD Register .
TRISD REGISTEN ..t
PORTE
BIOCK Diagram .......ccoccveiiemiiiiiiiniie e 97
INitialization ..........ccoocieiiiiii 97
PORTE REQISLEr ..c.eiieiiiiiiiieee e 97
PSP Mode Select (PSPMODE Bit) .................... 95, 109
REO/RD ...oooiiiiiiiccic 109
REL/WR oo 109
RE2/CS ........... 109
TRISE Register ... .97
PORTF

RFB/ANS ..o BIOCK DIagram .......ccoccverveniiiiiiiniee e
RFAIAND .o Block Diagram of RF7 Pin .......ccccceiviiiiiiiieeniiees
RFS/ANLO ..ottt CLOUT, C20UT .ottt
RFEB/ANLL ..oooiiiiiiiecieeeeee e INIGIAlIZATION ...
RF7 s PORTF ReQISter .....cvveviiiiiiiieiiiiieeeeenn
RGO/CANTXL ettt RF6/RF3 and RFO Pins Block Diagram ...
RGI/CANTXZ ieiieciiieeeiee e sie e e e TRISF s
RG2/CANRX PORTG
RG3 e INitIAliZAatIoN .......cooviiiiii 101
RGA e PORTG oottt 101
RHO/ALG ..ot RGO/CANTXO Pin Block Diagram .........c.ccccccecvervenne. 101
RHI/ALT oo RG1/CANTX1 Pin Block Diagram ...........ccccccecvenenne. 102
RH2/AL8 ..o RG2 Pin Block Diagram ..........cccceoermieincineenieeinenn
RH3/A19 ... RG4/RG3 Pins Block Diagram .
RH4/AN12 . TRISG .o
RH5/AN13 . . PORTH
RHB/ANLE ..o INitIAliZAatIoN .......cooviiiii 104
RHT7/ANLS ..ot PORTH it 104
RJIO/ADS ...ttt RH3/RHO Pins Block Diagram ...........ccccccevvieieennnen. 104
RJILIADY e RH7/RH4 Pins Block Diagram ..........cccccevevveeeiveenns 104
RJ2/AD10 .. TRISH i 104
RJIB/IADILL ..o
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W

Wake-up from SLEEP ..
Timing Diagram .......
Watchdog Timer (WDT)
BIOCK Diagram ........cccoveeiiiiieeiiiiee e
Postscaler. See Postscaler, WDT
Programming Considerations ...........ccccccevevreveiieeens
RC OSCIllator ........cceiiiiiiiiiiiiieie s
Time-out Period .........cccoviiiiiiiiiii e,
Timing Diagram .......ccccoeveeiveenieeineeninns
Waveform for General Call Address Sequence ....
WECOL ittt

WCOL Status Flag ......coccevreeriiiiieniececeeese e
WWW, ON-LiNe SUPPOIT .....ooiiiiiiiiiiieeiii e
X

XORLW ittt 303
XORWIE .ttt 304
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NOTES:
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