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NOTES:
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2.6.2 OSCILLATOR TRANSITIONS

The PIC18CXX8 devices contain circuitry to prevent
"glitches" when switching between oscillator sources.
Essentially, the circuitry waits for eight rising edges of
the clock source that the processor is switching to.
This ensures that the new clock source is stable and
that its pulse width will not be less than the shortest
pulse width of the two clock sources.

A timing diagram indicating the transition from the
main oscillator to the Timerl oscillator is shown in
Figure 2-7. The Timerl oscillator is assumed to be
running all the time. After the SCS bit is set, the pro-
cessor is frozen at the next occurring Q1 cycle. After
eight synchronization cycles are counted from the
Timerl oscillator, operation resumes. No additional
delays are required after the synchronization cycles.

FIGURE 2-7:

The sequence of events that takes place when switch-
ing from the Timerl oscillator to the main oscillator will
depend on the mode of the main oscillator. In addition
to eight clock cycles of the main oscillator, additional
delays may take place.

If the main oscillator is configured for an external crys-
tal (HS, XT, LP), the transition will take place after an
oscillator start-up time (TosT) has occurred. A timing
diagram indicating the transition from the Timerl oscil-
lator to the main oscillator for HS, XT and LP modes is
shown in Figure 2-8.

TIMING DIAGRAM FOR TRANSITION FROM OSC1 TO TIMER1 OSCILLATOR
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Note 1: Delay on internal system clock is eight oscillator cycles for synchronization.

FIGURE 2-8: TIMING DIAGRAM FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS,XT,LP)
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FIGURE 3-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
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FIGURE 3-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
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FIGURE 3-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2
VDD —/ :
MCLR / :
INTERNAL POR ﬂ

TPWRT

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

DS30475A-page 32

Advanced Information

© 2000 Microchip Technology Inc.




PIC18CXX8

Value on Value on
Filename Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS®

TXB2D7 TXB2D77 TXB2D76 TXB2D75 TXB2D74 TXB2D73 TXB2D72 TXB2D71 TXB2D70 | yxxxx xxxx | uuuu uuuu
TXB2D6 TXB2D67 TXB2D66 TXB2D65 TXB2D64 TXB2D63 TXB2D62 TXB2D61 TXB2D60 | yxxx xxxx | uuuu uuuu
TXB2D5 TXB2D57 TXB2D56 TXB2D55 TXB2D54 TXB2D53 TXB2D52 TXB2D51 TXB2D50 | xxxx xxxx | uvuuu uuuu
TXB2D4 TXB2D47 TXB2D46 TXB2D45 TXB2D44 TXB2D43 TXB2D42 TXB2D41 TXB2D40 | yxxx xxxx | uuuu uuuu
TXB2D3 TXB2D37 TXB2D36 TXB2D35 TXB2D34 TXB2D33 TXB2D32 TXB2D31 TXB2D30 | yxxx xxxx | uuuu uuuu
TXB2D2 TXB2D27 TXB2D26 TXB2D25 TXB2D24 TXB2D23 TXB2D22 TXB2D21 TXB2D20 | ywwx xxxx | uvuuu uuuun
TXB2D1 TXB2D17 TXB2D16 TXB2D15 TXB2D14 TXB2D13 TXB2D12 TXB2D11 TXB2D10 | yxxxx xxxx | uuuu uuuu
TXB2D0 TXB2DO07 TXB2D06 TXB2D05 TXB2D04 TXB2D03 TXB2D02 TXB2DO01 TXB2D00 | yxxx xxxx | uuuu uuuu
TXB2DLC . TXRTR . . DLC3 DLC2 DLC1 DLCO 0x00 xxxx | 0u00 uuuu
TXB2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx | uuuu wuuw
TXB2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx | wuuu wauu
TXB2SIDL SID2 SID1 SIDO _ EXIDEN _ EID17 EID16 | yxx0 x0xx | wuu0 uouu
TXB2SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx | vuuu uuuw
TXB2CON _ TXABT TXLARB TXERR TXREQ _ TXPRI1 TXPRIO 0000 0000 | 0000 0000
RXM1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx | vuuu uuun
RXM1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 Xxx¥X XXXX | uuuu uuuu
RXM1SIDL SID2 SID1 SIDO _ _ _ EID17 EID16 xxx- --xx | wuu- --uu
RXM1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 Xxx¥X XXXX | uuuu uuuu
RXMOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO Xxxx XXXX | uuuu uuuu
RXMOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx | vuuu uuun
RXMOSIDL SID2 SID1 SIDO _ _ _ EID17 EID16 xxx- --xx | wuu- --uu
RXMOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx | vuuu uuun
RXF5EIDO EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO Xxx¥X XXXX | uuuu uuuu
RXF5EID8 EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 Xxx¥X XXXX | uuuu uuuu
RXF5SIDL SID2 SID1 SIDO . EXIDEN . EID17 EID16 xxx- %-%% | wvuu- u-uu
RXF5SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx | wuuu uauu
RXF4EIDO EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx | wuuu wauu
RXF4EID8 EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx | uuuu wuuu
RXF4SIDL SID2 SID1 SIDO _ EXIDEN _ EID17 EID16 | yxx- x-xx | uuu- u-uu
RXF4SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 Xxx¥X XXXX | uuuu uuuu
RXFE3EIDO EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO Xxx¥X XXXX | uuuu uuuu
RXF3EID8 EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx | vuuu uuun
RXF3SIDL SID2 SID1 SIDO _ EXIDEN _ EID17 EID16 xxx- X-xx | wuu- u-uu
RXF3SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx | wuuu wauu
Legend:  x =unknown, u = unchanged, - = unimplemented, g = value depends on condition
Note 1: Bit6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO oscillator modes only. In all other oscillator modes, they are disabled and read ‘0’.

2: Bit 21 of the TBLPTRU allows access to the device configuration bits.

3: Other (non-power-up) RESETs include external RESET through MCLR and Watchdog Timer Reset.

4: These registers are reserved on PIC18C658.
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5.1 Control Registers 5.1.1 RCON REGISTER
Several control registers are used in conjunction with The LWRT bit specifies the operation of Table Writes to
the TBLRD and TBLWT instructions. These include: internal memory when the VPP voltage is applied to the

* RCON register
e TABLAT register
e TBLPTR registers

MCLR pin. When the LWRT bit is set, the controller
continues to execute user code, but long table writes
are allowed (for programming internal program mem-
ory) from user mode. The LWRT bit can be cleared only
by performing either a POR or MCLR Reset.

REGISTER 5-1: RCON REGISTER (ADDRESS: 0xFDOh)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

R/W-0 R/W-0 u-0 R/W-1 RW-1 RMW-1 R/MW-0  R/MW-0
PEN | Wwrtr | — | R | 7O PD POR BOR
bit 7 bit 0

IPEN: Interrupt Priority Enable
1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (1L6CXXX compatibility mode)

LWRT: Long Write Enable
1 = Enable TBLWT to internal program memory
0 = Disable TBLWT to internal program memory.

Note 1: Only cleared on a POR or MCLR reset.
This bit has no effect on TBLWTs to external program memory.

Unimplemented: Read as '0'

RI: RESET Instruction Flag bit

1 = No RESET instruction occurred

0 = A RESET instruction occurred

TO: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = AWDT time-out occurred

PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

BOR: Brown-out Reset Status bit
1 = No Brown-out Reset nor POR Reset occurred
0 = A Brown-out Reset or POR Reset occurred
(must be set in software after a Brown-out Reset occurs)

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
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7.1 Control Reqgisters 7.1.1 INTCON REGISTERS

This section contains the control and status registers. The INTCON Registers are readable and writable

REGISTER 7-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

registers, which contain various enable, priority, and
flag bits.

INTCON REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF

bit 7 bit 0

GIE/GIEH: Global Interrupt Enable bit

When IPEN = 0:
1 = Enables all un-masked interrupts
0 = Disables all interrupts

When IPEN = 1:

1 = Enables all high priority interrupts

0 = Disables all high priority interrupts
PEIE/GIEL: Peripheral Interrupt Enable bit

When IPEN = 0:
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

When IPEN = 1:

1 = Enables all low priority peripheral interrupts

0 = Disables all priority peripheral interrupts

TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt

0 = Disables the TMRO overflow interrupt

INTOIE: INTO External Interrupt Enable bit

1 = Enables the INTO external interrupt

0 = Disables the INTO external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

INTOIF: INTO External Interrupt Flag bit

1 = The INTO external interrupt occurred (must be cleared in software by reading PORTB)
0 = The INTO external interrupt did not occur

RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n =Value at POR "]’ = Bitis set '0’ = Bit is cleared X = Bit is unknown

Note: Interrupt flag bits get set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature
allows software polling.
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8.0 I/OPORTS

Depending on the device selected, there are up to
eleven ports available. Some pins of the I/O ports are
multiplexed with an alternate function from the periph-
eral features on the device. In general, when a periph-
eral is enabled, that pin may not be used as a general
purpose I/O pin.

Each port has three registers for its operation. These
registers are:

* TRIS register (Data Direction register)

* PORT register (reads the levels on the pins of the
device)

* LAT register (output latch)

The data latch (LAT register) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

8.1 PORTA, TRISA and LATA Registers

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).
On a Power-on Reset, these pins are configured as
inputs and read as '0".

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch.

Read-modify-write operations on the LATA register,
reads and writes the latched output value for PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. The
RAJ4/TOCKI pin is a Schmitt Trigger input and an open
drain output. All other RA port pins have TTL input lev-
els and full CMOS output drivers.

The other PORTA pins are multiplexed with analog
inputs and the analog VREF+ and VREF- inputs. The
operation of each pin is selected by clearing/setting the
control bits in the ADCONL1 register (A/D Control
Registerl). On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 8-1: INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
CLRF LATA ; Alternate method
; to clear output
; data latches

MOVLW 0x07 ; Configure A/D
MOVWF ADCON1 ; for digital inputs
MOVLW O0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA3:RA0 as inputs

; RA5:RA4 as outputs

FIGURE 8-1: RA3:RAO0 AND RAS5 PINS
BLOCK DIAGRAM

RD LATA
Data
Bus
D Q—
VDD
WR LATA —
o ——PoKkAQ D 5
WR PORTA
Data Latch J ’_X
ey 2 :D—{ N | 1o pin®
WR TRISA —
— CcK L Qe Vss
Analog
Input
TRIS Latch Mode
TTL
RD TRISA Input
Buffer
Q D
EN
RD PORTA | DQ
SS Input (RAS5 only)
To AHConverter and LVD Modules
Note 1: 1/0 pins have diode protection to Vbp and Vss.
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FIGURE 8-10: RF6:RF3 AND RFO PINS

BLOCK DIAGRAM

FIGURE 8-11: RF7 PIN BLOCK DIAGRAM

RD LATF
RD LATF gata
us
° 0 X
Bus
D Ql— -
1/0 pin
WR LATF
VDD or CK Y
WR LATF _ WR PORTF
or — CK™0Q ) b Data Latch
WR PORTF
Data Latch ’_& — D Q
Schmitt
D N 1/0 Pin WR TRISF Trigger
—| Q ——t cK L Input g
TRIS Latch Buffer 7
_ atc
WR TRISF CK o) Vss /|
Analog
TRIS Latch 'M”Pgt ~
ode RD TRISF
RD TRISF ST e Q D
Input
| Buffer
Q b EN
RD PORTF {>O —‘
EN -
RD PORTF
Note:  1/O pins have diode protection to VDD and Vss.
To A/D Converter or Comparator Input

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

TABLE 8-11: PORTF FUNCTIONS

Name Bit# | Buffer Type Function

RFO/AN5 bit0 ST Input/output port pin or analog input.

RF1/AN6/C20UT | bitl ST Input/output port pin or analog input or comparator 2 output.
RF2/AN7/C10UT | bit2 ST Input/output port pin or analog input or comparator 1 output.

RF3/AN8 bit3 ST Input/output port pin or analog input or comparator input.

RF4/AN9 bit4 ST Input/output port pin or analog input or comparator input.

RF5/AN10/ bit5 ST Input/output port pin or analog input or comparator input or comparator
CVREF reference output.

RF6/AN11 bit6 ST Input/output port pin or analog input or comparator input.

RF7 bit7 ST Input/output port pin.

Legend: ST = Schmitt Trigger input

TABLE 8-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 VaggRon: value on all
BOR, other RESETS
TRISF PORTF Data Direction Control Register 1111 1111 | 1111 1111
PORTF | Read PORTF pin / Write PORTF Data Latch XXXX XXXX | Uuuuu uuuu
LATF Read PORTF Data Latch/Write PORTF Data Latch 0000 0000 | wuuuu uuuu
ADCON1 — — VCFGL1 | VCFGO | PCFG3 | PCFG2 | PCFG1 |PCFGO| --00 0000 --00 0000
CMCON | C20UT | C10UT | C2INV | C1INV | CIS CM2 CM1 CMO | 0000 0000 0000 0000

Legend: x = unknown, u = unchanged
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14.1 CCP1 Module

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

14.2 CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

TABLE 14-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timerl or Timer3
Compare Timerl or Timer3
PWM Timer2

14.3 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 or TMR3 registers when an
event occurs on pin RC2/CCP1. An event is defined as:
« every falling edge

 every rising edge

« every 4th rising edge

« every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR registers) is set. It
must be cleared in software. If another capture occurs

before the value in register CCPR1 is read, the old cap-
tured value will be lost.

14.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCPL1 is configured as an out-
put, a write to the port can cause a capture
condition.

14.3.2 TIMER1/TIMER3 MODE SELECTION

The timers used with the capture feature (either Timerl
and/or Timer3) must be running in Timer mode or Syn-
chronized Counter mode. In Asynchronous Counter
mode, the capture operation may not work. The timer
used with each CCP module is selected in the T3CON
register.

TABLE 14-2: INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capture Capture

TMR1 or TMR3 time-base. Time-base can be different for each CCP.

Capture Compare

The compare could be configured for the special event trigger, which clears either TMR1
or TMR3, depending upon which time-base is used.

Compare Compare

The compare(s) could be configured for the special event trigger, which clears TMR1 or
TMR3 depending upon which time-base is used.

PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt).
PWM Capture None
PWM Compare None
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15.2  Control Registers Register 15-1 shows the MSSP Status Register

The MSSP module has three associated registers.
These include a status register and two control registers.

REGISTER 15-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

(SSPSTAT), Register 15-2 shows the MSSP Control
Register 1 (SSPCON1), and Register 15-3 shows the
MSSP Control Register 2 (SSPCON2).

SSPSTAT REGISTER

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P S R/W UA BF
bit 7 bit 0

SMP: Sample bit
SPI Master mode
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode
SMP must be cleared when SPI is used in Slave mode
In 12C Master or Slave mode:
1= Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0= Slew rate control enabled for high speed mode (400 kHz)
CKE: SPI Clock Edge Select
CKP =0
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP=1
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK
D/A: Data/Address bit (12C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
P: STOP bit
(1C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a STOP bit has been detected last (this bit is '0’ on RESET)
0 = STOP bit was not detected last
S: START bit
(1C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a START bit has been detected last (this bit is '0’ on RESET)
0 = START bit was not detected last
R/W: Read/Write bit information (IZC mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from
the address match to the next START bit, STOP bit, or not ACK bit.
In 1°C Slave mode:
1 =Read
0 = Write
In I1°C Master mode:
1 =Transmit is in progress
0 =Transmit is not in progress
OR-ing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in
IDLE mode.

DS30475A-page 136

Advanced Information © 2000 Microchip Technology Inc.



PIC18CXX8

TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
BAUD | FOSC=40MHz  gpppg 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG
RATE % vaI_ue % vaI_ue % val_ue % val_ue
(Kbps) | kgaup ERROR (@ecimal) | ypaup  ErROR  (decimal | ygayp ErrROR (deCimal) | ypayp ERROR (decimal)
03 NA - - NA - } NA } } NA - }
1.2 NA . . NA . ; NA ; ; NA . ;
24 NA . . 2.40 -0.07 214 2.40 .0.15 162 2.40 +0.16 129
9.6 9.62 +0.16 64 9.55 -0.54 53 9.53 -0.76 40 9.47 136 32
192 |1894  -1.36 32 1910  -054 26 1953 +1.73 19 1953  +173 15
768 7813  +173 7 7366  -4.09 6 7813 +1.73 4 7813 +173 3
9% 8929  -6.99 6 10313 +7.42 4 9766  +1.73 3 10417 4851 2
300 |31250 +4.17 1 257.81 -1406 1 NA ; ; 31250 +417 0
500 |625 +2500 0 NA - ; NA ; ; NA . ;
HIGH |625 ; 0 51563 - 0 39063 - 0 31250 - 0
LOW |244 - 255 2.01 . 255 153 ; 255 122 - 255
BAUD | FOSC=16MHZ  gpprc 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % va!ue % va!ue % val_ue % val_ue
(Kbps) | ygaup ERROR (@ecimal) | ypaup Error  @e¢imal | wpayp  grrOR  (de¢imal)| ypaup ERROR  (decimal)
03 NA - - NA - - NA - - NA - -
1.2 1.20 +0.16 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65
24 2.40 +0.16 103 2.40 +0.16 64 2.38 .0.83 46 2.40 0 32
96 9.62 +0.16 25 9.77 +1.73 15 9.32 -2.90 1 9.90 +313 7
192 |1923  +0.16 12 1953 +1.73 7 1864  -2.90 5 1980  +313 3
768 8333  +851 2 7813 +1.73 1 111.86  +4565 0O 7920 +313 0
96 8333  -1319 2 7813  -1862 1 NA ; ; NA i ;
300|250 1667 0 15625 -47.92 0 NA ; ; NA . ;
500 | NA - ; NA ; ; NA ; ; NA . ;
HIGH | 250 - 0 156.25 - 0 11186 - 0 7920 - 0
Low |098 - 255 061 ; 255 0.44 ; 255 031 - 255
BAUD | FOSC=AMHZ  gppng 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % va!ue % val_ue % val_ue % va!ue
(Kbps) | «gaup ERROR (decimal| ypaup  Error  (@e¢imal| ypayp ErrOrR  (decimal)| ypaup ERrROR (decimal)
03 030  -016 207 030 +0.23 185 0.30 +0.16 51 0.26 1467 1
12 120  +167 51 119 -0.83 46 1.20 +0.16 12 NA . .
24 240  +167 25 2.43 +1.32 22 223 -6.99 6 NA . .
9.6 8.93 -6.99 6 9.32 -2.90 5 7.81 1862 1 NA - -
192 |2083  +851 2 1864  -2.90 2 1563  -1862 0 NA . .
768 |6250 -1862 O 5593 2717 0 NA - - NA - -
96 NA ; ; NA ; - NA - - NA - -
300 |NA ; ; NA ; - NA - - NA - -
500 | NA ; ; NA ; - NA - - NA - -
HIGH |6250 - 0 5593 - 0 1563 - 0 051 . 0
Low |o024 - 255 0.22 ; 255 0.06 - 255 0002 - 255

© 2000 Microchip Technology Inc.

Advanced Information

DS30475A-page 171




PIC18CXX8

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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17.1.2 TRANSMIT/RECEIVE BUFFERS

The PIC18CXX8 has three transmit and two receive
buffers, two acceptance masks (one for each receive
buffer), and a total of six acceptance filters. Figure 17-1
is a block diagram of these buffers and their connection
to the protocol engine.

FIGURE 17-1: CAN BUFFERS AND PROTOCOL ENGINE BLOCK DIAGRAM
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17.2.3 CAN RECEIVE BUFFER REGISTERS

This section shows the Receive Buffer registers with its
associated control registers.

REGISTER 17-12: RXBOCON — RECEIVE BUFFER 0 CONTROL REGISTER

RIC-0 RMW-0 RMW-0 U0 R-0 R/W-0 R-0 RIW-0
| RXFUL | RxM1 | RXxM0 | — [RXRTRRO|RXBODBEN| JTOFF | FILHITO
bit 7 bit 0
bit 7 RXFUL: Receive Full Status bit

1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message

Note:  This bit is set by the CAN module and should be cleared by software after the buffer
is read.

bit 6-5 RXM1:RXMO: Receive Buffer Mode bits
11 = Receive all messages (including those with errors)
10 = Receive only valid messages with extended identifier
01 = Receive only valid messages with standard identifier
00 = Receive all valid messages

bit 4 Unimplemented: Read as '0’

bit 3 RXRTRRO: Receive Remote Transfer Request Read Only bit
1 = Remote transfer request
0 = No remote transfer request

bit 2 RXBODBEN: Receive Buffer 0 Double Buffer Enable bit
1 = Receive Buffer 0 overflow will write to Receive Buffer 1
0 = No Receive Buffer 0 overflow to Receive Buffer 1

bit 1 JTOFF: Jump Table Offset bit (read only copy of RXODBEN)
1 = Allows Jump Table offset between 6 and 7
0 = Allows Jump Table offset between 1 and 0

Note:  This bit allows same filter jump table for both RXBOCON and RXB1CON.

bit 0 FILHITO: Filter Hit bit
This bit indicates which acceptance filter enabled the message reception into receive buffer 0
1 = Acceptance Filter 1 (RXF1)
0 = Acceptance Filter 0 (RXFO)

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
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17.2.6 CAN MODULE I/O CONTROL REGISTER

This subsection describes the CAN Module I/O Control
register.

REGISTER 17-32: CIOCON — CAN I/O CONTROL REGISTER

RW-0  RMW-0 RMW-0  R/W-0 U-0 U-0 U-0 U-0
| TXISRC | TX1EN | ENDRHI [ CANCAP| — — — —
bit 7 bit 0
bit 7 TX1SRC: CAN TX1 Pin Data Source

1 = CAN TX1 pin will output the CAN clock
0 = CAN TX1 pin will output TXD

bit 6 TX1EN: CAN TX1 Pin Enable
1 = CAN TX1 pin will output TXD or CAN clock
0 = CAN TX1 pin will have digital I/O function

bit 5 ENDRHI: Enable Drive High

1 = CAN TXO0, CAN TX1 pins will drive VDD when recessive
0 = CAN TX0, CAN TX1 pins will tri-state when recessive

bit 4 CANCAP: CAN Message Receive Capture Enable
1 = Enable CAN capture
0 = Disable CAN capture

bit 3-0 Unimplemented: Read as '0’
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR ']’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
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18.2 Selecting the A/D Conversion Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 12 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. There are seven possible options for TAD:

« 2T0Ssc

e 4T0SC

» 8Tosc

e 16ToSscC

e 32ToscC

e 64ToscC

¢ Internal RC oscillator

For correct A/D conversions, the A/D conversion clock
(TAaD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 18-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

18.3 Confiquring Analog Port Pins

The ADCON1, TRISA, TRISF and TRISH registers
control the operation of the A/D port pins. The port pins
needed as analog inputs must have their correspond-
ing TRIS bits set (input). If the TRIS bit is cleared (out-
put), the digital output level (VoH or VoL) will be
converted.

The A/D operation is independent of the state of the
CHS3:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to
consume current out of the device’s spec-
ification limits.

TABLE 18-1: Tap vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS2:ADCS0 PIC18CXX8 PIC18LCXX8(®)
2Tosc 000 1.25 MHz 666 kHz
4Tosc 100 2.50 MHz 1.33 MHz
8Tosc 001 5.00 MHz 2.67 MHz
16Tosc 101 10.0 MHz 5.33 MHz
32Tosc 010 20.0 MHz 10.67 MHz
64Tosc 110 40.0 MHz 21.33 MHz
RC x11 — —

Note 1: The RC source has a typical TAD time of 4 ms.

The RC source has a typical TAD time of 6 ms.

These values violate the minimum required TAD time.

For faster conversion times, the selection of another clock source is recommended.

For device frequencies above 1 MHz, the device must be in SLEEP for the entire conversion or the A/D

accuracy may be out of specification.
This column is for the LC devices only.

@
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22.3.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If an interrupt condition (interrupt flag bit and inter-
rupt enable bits are set) occurs before the execu-
tion of a SLEEP instruction, the SLEEP instruction
will complete as a NOP. Therefore, the WDT and
WDT postscaler will not be cleared, the TO bit will
not be set and PD bits will not be cleared.

« If the interrupt condition occurs during or after
the execution of a SLEEP instruction, the device
will immediately wake-up from sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

FIGURE 22-2: WAKE-UP FROM SLEEP THROUGH INTERRUPT(-2)

Q1] @2l @3l 4, Qil @2l @3l @4, il

. 1l Q2 @3l @4, @1l Q21 @3lQ4; 1l @2l @314, Q1l Q2| @3l q4,

Note 1:

If GIE is cleared, execution will continue in-line.

OSC. . ./ \—ﬂﬂmﬂ/f 2I\_/\_/—\_/—\ﬁl . . /‘\./‘L

clkout® )\ /s \ T\  Tost® | / \ / N/ N/ ‘

1 1 1 ' 1 1 1 1 I

INT pin 1 | | ' ! | ! | ]

| 1 1 \ T ' I | 1 1

INTIF bit /i ! \ Interrupt Latency®) ! !

GIEH bit , : : ' . : : : :

' ] ' Processor in | ' ] \ ' ' '

\ \ ,  SLEEP ! ! \ \ \ \

INSTRUCTION FLOW ! ! ' ' ' ' ' '

pc X PC ¥ Pc+2 X PC+4 X PC+4 X PC+4 X 0008h X 000Ah .
Instruction !

fetched ‘Jl: Inst(PC) = SLEEP | Inst(PC+2) ! ! InstPC+4) ! ' Inst(0008h) ! Inst(O00AR)

instruction © nsPC-1) 1 SLEEP . © Ins(PC+2) . Dummycycle . Dummycycle + nst(oo08h)

XT, HS or LP oscillator mode assumed.

2: GIE set is assumed. In this case, after wake- up, the processor jumps to the interrupt routine.

3:  TosT = 1024Tosc (drawing not to scale). This delay will not occur for RC and EC osc modes.
4: CLKOUT is not available in these oscillator modes, but shown here for timing reference.
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POP Pop Top of Return Stack
Syntax: [label] POP
Operands: None
Operation: (TOS) — bit bucket
Status Affected:  None
Encoding: ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0110 ‘
Description: The TOS value is pulled off the
return stack and is discarded. The
TOS value then becomes the previ-
ous value that was pushed onto the
return stack.
This instruction is provided to
enable the user to properly manage
the return stack to incorporate a
software stack.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Pop TOS No
operation value operation
Example: POP
GOTO NEW
Before Instruction
TOS = 0031A2h
Stack (1 level down) = 014332h
After Instruction
TOS = 014332h
PC = NEW

PUSH Push Top of Return Stack
Syntax: [label] PUSH
Operands: None
Operation: (PC+2) » TOS
Status Affected:  None
Encoding: ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0101 ‘
Description: The PC+2 is pushed onto the top of
the return stack. The previous TOS
value is pushed down on the stack.
This instruction allows implement-
ing a software stack by modifying
TOS, and then push it onto the
return stack.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Push PC+2 No No
onto return | operation operation
stack
Example: PUSH
Before Instruction
TOS = 00345Ah
PC = 000124h
After Instruction
PC = 000126h
TOS = 000126h
Stack (1 level down) = 00345Ah
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25.2

DC Characteristics: PIC18CXX8 (Industrial, Extended) and PIC18LCXX8 (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial

-40°C < TA < +125°C for extended

Param | Symbol Characteristic/ Min Max Units Conditif/r\s
No. Device
VIL Input Low Voltage
1/0O ports:
D030 with TTL buffer Vss 0.15VDD \Y,
DO30A — 0.8 /\\
D031 with Schmitt Trigger buffer Vss 0.2\pD v
RC3 and RC4
D032 MCLR
D032A OSCl1 (in XT, HS and LP modes)
and T10SI
D033 0SC1(in RC mode)® \Y
VIH Input High Voltage N\ \\
I/O ports: @
D040 with TTL buffe 25VDD + VDD V |VDD < 4.5V
0.8v
DO040A 2.0 VDD V |45V <VDD <55V
D041 0.8VDD VDD \Y,
0.7VDD VDD \Y,
D042 0.8VDD VDD \Y,
DO O 0.7VDD VDD \Y,
D043 0SC1 (RC mode)® 0.9VDD VDD v
Vu% Hysteresis of Schmitt Trigger Inputs
D050 TBD ™D | Vv |
I Input Leakage Current(®3)
D060 1/0 ports — +1 UA |VSsS < VPIN £VDD,
Pin at hi-impedance
D061 MCLR — 5 LA |Vss < VPIN £VDD
D063 OSCl1 — 5 LA |Vss < VPIN < VDD
IPU Weak Pull-up Current
D070 |lpurB  |PORTB weak pull-up current 50 400 | PA |VDD =5V, VPIN = Vss
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PICmicro device be driven with an external clock while in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as current sourced by the pin.

DS30475A-page 316

Advanced Information

© 2000 Microchip Technology Inc.




PIC18CXX8

25.3.2 TIMING CONDITIONS

The temperature and voltages specified in Table 25-3
apply to all timing specifications, unless otherwise
noted. Figure 25-4 specifies the load conditions for the

timing specifications.

TABLE 25-3: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA< +85°C forindustrial
-40°C < Ta< +125°C for extended
Operating voltage VDD range as described in DC spec Section 25.1.
LC parts operate for industrial temperatures only.

FIGURE 25-4: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1 Load condition 2

VDD/2

RL P|n T CL
Vss
- —_— CL

Pin RL = 464Q

Vss CL = 50pF forall pins except OSC2/CLKO

and including D and E outputs as ports
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