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PIC18FXX8

FIGURE 1-1: PIC18F248/258 BLOCK DIAGRAM
Data Bus<8>
4; 74N PORTA
RAO/ANO/CVREF
21|[Table Pointer<21> Data Latch RA1/AN1
<= A RA2/AN2/VREF-
‘ 8 8 Data RAM y RA3/ANS/VREF+
21 inc/dec logic up to 1536 bytes RA4/TOCKI_
RA5/AN4/SS/LVDIN
Address Latch OSC2/CLKO/RA6
< 21 [PCLATU[PCLATH] ﬁ 12 PORTB
Address<12> RBO/INTO
PCH ~ RB1/INT1
Program Counter N 12ﬁ 4ﬁ RB2/CANTX/INT2
Address Latch FsmollBanko.Fl| | RB3/CANRX
" RB4
Program Memory 31 Level Stack FSR1 RB5/PGM
up to 32 Kbytes FSR2 12 RB6/PGC
Data Latoh } RB7/PGD
Table Latch logic PORTC
+«—— RCO/T10SO/T1CKI
16 t RC1/T10SI
RC2/CCP1
I RC3/SCK/SCL
Y RC4/SDI/SDA
RC5/SDO
RC6/TX/CK
T— RC7/RX/DT
Instruction
Decode & <
Control
OSC2/CLKO/RA6 |
csguooms  TTIT] F,
ower-up
|Z|<‘::> Timer
Timing Oscillator
T108SI |Xl<‘.::> Generation K= Start-up Timer
T10SO Power-on
Reset 8
4XPLL [c—y| Watchdog
Timer L
Brown-out
Precision Reset
Band Gap ——>| [ Test Mode
Reference Select
Band Gap é é
{9 MCLR VDb, Vss
':,E\?S Timer0 Timer1 Timer2 Timer3 1£DbC|t
Data EEPROM Synchronous
CCP1 USART Serial Port CAN Module
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS

Pin Name

Pin Number

PIC18F248/25

8 PIC18F448/458

SPDIP, SOIC

PDIP

TQFP

PLCC

Pin Buffer
Type | Type

Description

MCLR/VPP

MCLR

VPP

1

1

18

2

Master Clear (input) or
programming voltage (output).
Master Clear (Reset) input.
This pin is an active low Reset
to the device.
Programming voltage input.

NC

12,13,
33, 34

1,17,
28, 40

These pins should be left
unconnected.

OSC1/CLKI

0OSC1

CLKI

13

30

14

I |CMOS/ST

I CMOS

Oscillator crystal or external clock

input.
Oscillator crystal input or
external clock source input. ST
buffer when configured in RC
mode; otherwise, CMOS.
External clock source input.
Always associated with pin
function OSC1 (see OSC1/
CLKI, OSC2/CLKO pins).

0OSC2/CLKO/RA6
0sC2

CLKO

RA6

10

14

31

15

I/0 TTL

Oscillator crystal or clock output.
Oscillator crystal output.
Connects to crystal or
resonator in Crystal Oscillator
mode.

In RC mode, OSC2 pin outputs
CLKO, which has 1/4 the
frequency of OSC1 and
denotes the instruction cycle
rate.

General purpose /O pin.

Legend: TTL
ST
|
P

TTL compatible input
Schmitt Trigger input with CMOS levels

Input
Power

CMOS

CMOS compatible input or output

Analog = Analog input
o = OQutput

oD = Open-

Drain (no P diode to VDD)
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PIC18FXX8

3.0 RESET

The PIC18FXX8 differentiates between various kinds
of RESET:
a) Power-on Reset (POR)
) MCLR Reset during normal operation
c) MCLR Reset during Sleep
)

Watchdog Timer (WDT) Reset during normal
operation

e) Programmable Brown-out Reset (PBOR)

f) RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

Most registers are unaffected by a Reset. Their status

is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset”

FIGURE 3-1:

state on Power-on Reset, MCLR, WDT Reset, Brown-
out Reset, MCLR Reset during Sleep and by the
RESET instruction.

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal oper-
ation. Status bits from the RCON register, RI, TO, PD,
POR and BOR are set or cleared differently in different
Reset situations, as indicated in Table 3-2. These bits
are used in software to determine the nature of the
Reset. See Table 3-3 for a full description of the Reset

states of all registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 3-1.

The Enhanced MCU devices have a MCLR noise filter
in the MCLR Reset path. The filter will detect and
ignore small pulses.

A WDT Reset does not drive MCLR pin low.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack Stack Full/lUnderflow Reset
Pointer

External Reset
7

MCLR

Sleep

WDT | WDT
Module | Time-out
Reset

VDD Rise
Detect

Power-on Reset

Brown-out
Reset
BOREN

OST/PWRT
| osT

VDD

_I

10-bit Ripple Counter
oscil

R Q———

I
I | Chip_Reset
I

| PWRT

On-chi
| chocsg(ﬂ 4'> 10-bit Ripple Counter }7

Lo - —

|
I
I
I
|

Enable PWRT

Enable 0ST®

2: See Table 3-1 for time-out situations.

Note 1: Thisis a separate oscillator from the RC oscillator of the CLKI pin.

© 2006 Microchip Technology Inc.
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5.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

Generally, a write failure will be a bit which was written
as a ‘1’, but reads back as a ‘0’ (due to leakage off the
cell).

5.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared.
Also, the Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
reduce the probability of an accidental write during
brown-out, power glitch or software malfunction.

EXAMPLE 5-3:

5.7 Operation During Code-Protect

Data EEPROM memory has its own code-protect
mechanism. External read and write operations are
disabled if either of these mechanisms are enabled.

The microcontroller itself can both read and write to the
internal data EEPROM, regardless of the state of the
code-protect configuration bit. Refer to Section 24.0
“Special Features of the CPU” for additional
information.

5.8 Using the Data EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program
variables or other data that are updated often).
Frequently changing values will typically be updated
more often than specification D124 or D124A. If this is
not the case, an array refresh must be performed. For
this reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory. A simple data EEPROM
refresh routine is shown in Example 5-3.

Note: If data EEPROM is only used to store
constants and/or data that changes rarely,
an array refresh is likely not required. See

specification D124 or D124A.

DATA EEPROM REFRESH ROUTINE

CLRF EEADR ; Start at address 0
BCF EECON1, CFGS ; Set for memory
BCF EECON1, EEPGD ; Set for Data EEPROM
BCF INTCON, GIE ; Disable interrupts
BSF EECON1, WREN ; Enable writes
Loop ; Loop to refresh array
BSF EECON1, RD ; Read current address
MOVLW 55h ;
MOVWF EECON2 ; Write 55h
MOVLW 0AAh ;
MOVWF EECON2 ; Write AAh
BSF EECON1, WR ; Set WR bit to begin write
BTFSC EECON1, WR ; Wait for write to complete
BRA $-2
INCFSZ EEADR, F ; Increment address
BRA Loop ; Not zero, do it again
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts

DS41159E-page 62
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PIC18FXX8

8.4 IPR Registers

The Interrupt Priority (IPR) registers contain the individ-
ual priority bits for the peripheral interrupts. Due to the
number of peripheral interrupt sources, there are three
Peripheral Interrupt Priority registers (IPR1, IPR2 and
IPR3). The operation of the priority bits requires that
the Interrupt Priority Enable bit (IPEN) be set.

REGISTER 8-10:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

psPIP() ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP

bit 7 bit 0

PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit(1)
1 = High priority

0 = Low priority

ADIP: A/D Converter Interrupt Priority bit

1 = High priority

0 = Low priority

RCIP: USART Receive Interrupt Priority bit

1 = High priority

0 = Low priority

TXIP: USART Transmit Interrupt Priority bit

1 = High priority

0 = Low priority

SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority

0 = Low priority

CCP1IP: CCP1 Interrupt Priority bit

1 = High priority

0 = Low priority

TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority

0 = Low priority

TMR1IP: TMR1 Overflow Interrupt Priority bit

1 = High priority

0 = Low priority

Note 1: This bit is only available on PIC18F4X8 devices. For PIC18F2X8 devices, this bit
is unimplemented and reads as ‘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

DS41159E-page 88
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PIC18FXX8

14.1 Timer3 Operation When TMR3CS = 0, Timer3 increments every instruc-
tion cycle. When TMR3CS = 1, Timer3 increments on

Timer3 can operate in one of these modes: every rising edge of the Timer1 external clock input or

e As atimer the Timer1 oscillator, if enabled.
* As a synchronous counter When the Timer1 oscillator is enabled (T1OSCEN is set),
* As an asynchronous counter the RC1/T10SI and RCO/T10SO/T1CKI pins become

The operating mode is determined by the clock select inputs. That is, the TRISC<1:0> value is ignored.

bit, TMR3CS (T3CON register). Timer3 also has an internal “Reset input”. This Reset
can be generated by the CCP module (Section 15.1
“CCP1 Module”).

FIGURE 14-1: TIMER3 BLOCK DIAGRAM

TMR3IF CCP Special Trigger
Overflow T3CCPx P Synchronized
Interrupt A Clock Input
Flag bit CLR
TMR3H TMR3L P
TMR3ON
Lo On/Off T3SYNC
T10S0/ @ , T10SC N -
T1CKI ! 2 Prescaler Synchronize
T10SCEN Fosc/4 1,2,4,8 f det
Enable 4 Internal 0
T108I Oscillator™  Gjock 2
________ TMR3CS Sleep Input
T3CKPS1:T3CKPSO
Note 1: When enable bit TIOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

FIGURE 14-2: TIMER3 BLOCK DIAGRAM CONFIGURED IN 16-BIT READ/WRITE MODE
Data Bus<7:0> ~N
8
TMR3H
8 8
Write TMR3L
AyA
Read TMRaLj X
B CCP Special Trigger
TMR3IF Overflow 8 \/TMR3\/ T3CCPx — SyCr}chLoFized
Interrupt Flag 4 CLR ock Input
bit TMR3H TMR3L
To Timer1 Clock Input <—— TMRS3ON
On/Off T3SYNC
T10S0O/ ™S
T1CKI 1 i
=~ Prescaler Synchronize
T10OSCEN Fosc/4 1; 2; 4; 8 _/_det
T108I gna'?llet Q) nternal— o j( |
scillato
Clock 2 Sleep Input

T3CKPS1:T3CKPSO
TMR3CS

Note 1: When the TIOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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17.4.7 BAUD RATE GENERATOR

In I2C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 17-17). When a write occurs
to SSPBUF, the Baud Rate Generator will automatically
begin counting. The BRG counts down to 0 and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In 12C Master mode, the BRG is
reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 17-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

FIGURE 17-17: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM3:SSPMO ——— )  SSPADD<6:0>
SSPM3:SSPMO —N Reload Reload
’ —— >
SCL —Pp Control
CLKO -—‘ BRG Down Counter [«——Fosc/4
TABLE 17-3: 12C™ CLOCK RATE w/BRG
. FscL
Fosc Fcy Fcy * 2 BRG Value (2 Rollovers of BRG)

40 MHz 10 MHz 20 MHz 18h 400 kHz(M
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHz("
16 MHz 4 MHz 8 MHz 0Ch 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHz("
4 MHz 1 MHz 2 MHz 09h 100kHz
4 MHz 1 MHz 2 MHz 00h 1 MHz()

Note 1: The I°C™ interface does not conform to the 400 kHz 1°C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.

© 2006 Microchip Technology Inc.
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18.3.2 USART SYNCHRONOUS MASTER Steps to follow when setting up a Synchronous Master
RECEPTION Reception:

Once Synchronous Master mode is selected, reception 1. Initialize the SPBRG register for the appropriate

is enabled by setting either enable bit SREN (RCSTA baud rate (Section 18.1 “USART Baud Rate

register) or enable bit CREN (RCSTA register). Data is Generator (BRG)”).

sampled on the RC7/RX/DT pin on the falling edge of 2. Enable the synchronous master serial port by

the clock. If enable bit SREN is set, only a single word setting bits SYNC, SPEN and CSRC.

is received. If enable bit CREN is set, the reception is
continuous until CREN is cleared. If both bits are set,
then CREN takes precedence.

Ensure bits CREN and SREN are clear.

If interrupts are desired, set enable bit RCIE.

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

If a single reception is required, set bit SREN.
For continuous reception, set bit CREN.

7. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
the enable bit RCIE was set.

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

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

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

o0 krw

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
Resets

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 0000 000x | 0000 000u
PIR1 PSPIF™M ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE(M ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 psPip() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 1111 1111 | 1111 1111
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D | 0000 000x | 0000 000u
RCREG USART Receive Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
SPBRG Baud Rate Generator Register 0000 0000 [ 0000 0000

Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.

FIGURE 18-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

el a4 o] a2 s cr| ] a4 a1 a2 e o ct| s cuf ] a2 s e a2 s x| oo x| ¢ a2 s ¢ o s
RC7/RX/DT pin : ><:bit0 N bitd ><:bit2 X;bits X:bit4 X:bit5 X:bitﬁ X: bit 7 - '
RC6/TX/CK pin : [ [ [ [ 1 [ 1 [ [ 1 [ 1 X :
Write to

bit SREN ] ! ! \ ! ! ' ' ' ' \
SRENDt — | | | | | | | | L
CRENbit _9__. ' X ' X X X X X X o,
ROIFb | | | | | | | S e i
(Interrupt) ] ] ) ] ) ) ) ) ) ! )
Read : : : : : : : : : : [q :
RXREG f f . f . . . . . . .

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = o.
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FIGURE 19-9: SHORTENING A BIT PERIOD (SUBTRACTING SJW FROM PHASE SEGMENT 2)

\

Prop Phase Phase
Sync [ gegment | Segment 1 | Segment 2 ‘ <SIW
Ta Sample Point
- Actual Bit Length |
- Nominal Bit Length L

19.9 Programming Time Segments

Some requirements for programming of the time
segments:

¢ Prop Seg + Phase Seg 1 > Phase Seg 2
* Phase Seg 2 > Sync Jump Width

For example, assume that a 125 kHz CAN baud rate is
desired using 20 MHz for Fosc. With a Tosc of 50 ns,
a baud rate prescaler value of 04h gives a TQ of 500 ns.
To obtain a nominal bit rate of 125 kHz, the nominal bit
time must be 8 us or 16 Ta.

Using 1 Ta for the Sync Segment, 2 Ta for the Propa-
gation Segment and 7 Ta for Phase Segment 1 would
place the sample point at 10 TQ after the transition.
This leaves 6 Ta for Phase Segment 2.

By the rules above, the Sync Jump Width could be the
maximum of 4 TQ. However, normally a large SJW is
only necessary when the clock generation of the differ-
ent nodes is inaccurate or unstable, such as using
ceramic resonators. Typically, an SJW of 1 is enough.

19.10 Oscillator Tolerance

As a rule of thumb, the bit timing requirements allow
ceramic resonators to be used in applications with
transmission rates of up to 125 Kbit/sec. For the full bus
speed range of the CAN protocol, a quartz oscillator is
required. A maximum node-to-node oscillator variation
of 1.7% is allowed.

19.11 Bit Timing Configuration
Registers

The Configuration registers (BRGCON1, BRGCONZ2,
BRGCONS3) control the bit timing for the CAN bus
interface. These registers can only be modified when
the PIC18FXX8 is in Configuration mode.

19.11.1 BRGCON1

The BRP bits control the baud rate prescaler. The
SJW<1:0> bits select the synchronization jump width in
terms of multiples of Ta.

19.11.2 BRGCON2

The PRSEG bits set the length of the Propagation Seg-
ment in terms of TQ. The SEG1PH bits set the length of
Phase Segment 1 in Ta. The SAM bit controls how
many times the RXCAN pin is sampled. Setting this bit
to a ‘1’ causes the bus to be sampled three times; twice
at Ta/2 before the sample point and once at the normal
sample point (which is at the end of Phase Segment 1).
The value of the bus is determined to be the value read
during at least two of the samples. If the SAM bit is set
to a ‘0’, then the RXCAN pin is sampled only once at
the sample point. The SEG2PHTS bit controls how the
length of Phase Segment 2 is determined. If this bit is
set to a ‘1’, then the length of Phase Segment 2 is
determined by the SEG2PH bits of BRGCONS. If the
SEG2PHTS bit is set to a ‘0’, then the length of Phase
Segment 2 is the greater of Phase Segment 1 and the
information processing time (which is fixed at 2 Ta for
the PIC18FXX8).

19.11.3 BRGCONS3

The PHSEG2<2:0> bits set the length (in TQ) of Phase
Segment 2 if the SEG2PHTS bit is set to a ‘1’. If the
SEG2PHTS bit is set to a ‘0’, then the PHSEG2<2:0>
bits have no effect.

DS41159E-page 236

© 2006 Microchip Technology Inc.



PIC18FXX8

FIGURE 19-10:

ERROR MODES STATE DIAGRAM

RXERRCNT < 127 or
TXERRCNT < 127

Error-
Passive

Error-
Active

RXERRCNT > 127 or
TXERRCNT > 127

TXERRCNT > 255 .

128 occurrences of
11 consecutive
“recessive” bits

19.13 CAN Interrupts

The module has several sources of interrupts. Each of
these interrupts can be individually enabled or
disabled. The CANINTF register contains interrupt
flags. The CANINTE register contains the enables for
the 8 main interrupts. A special set of read-only bits in
the CANSTAT register, the ICODE bits, can be used in
combination with a jump table for efficient handling of
interrupts.

All interrupts have one source, with the exception of the
error interrupt. Any of the error interrupt sources can set
the error interrupt flag. The source of the error interrupt
can be determined by reading the Communication
Status register, COMSTAT.

The interrupts can be broken up into two categories:
receive and transmit interrupts.

The receive related interrupts are:
¢ Receive Interrupts

e Wake-up Interrupt

¢ Receiver Overrun Interrupt

* Receiver Warning Interrupt

* Receiver Error-Passive Interrupt
The transmit related interrupts are:
e Transmit Interrupts

¢ Transmitter Warning Interrupt

e Transmitter Error-Passive Interrupt
* Bus-Off Interrupt

19.13.1  INTERRUPT CODE BITS

The source of a pending interrupt is indicated in the
ICODE (Interrupt Code) bits of the CANSTAT register
(ICODE<2:0>). Interrupts are internally prioritized such
that the higher priority interrupts are assigned lower
ICODE values. Once the highest priority interrupt con-
dition has been cleared, the code for the next highest
priority interrupt that is pending (if any) will be reflected
by the ICODE bits (see Table 19-3, following page).
Note that only those interrupt sources that have their
associated CANINTE enable bit set will be reflected in
the ICODE bits.

19.13.2 TRANSMIT INTERRUPT

When the transmit interrupt is enabled, an interrupt will
be generated when the associated transmit buffer
becomes empty and is ready to be loaded with a new
message. The TXBnIF bit will be set to indicate the
source of the interrupt. The interrupt is cleared by the
MCU resetting the TXBnIF bit to a ‘0’.

19.13.3 RECEIVE INTERRUPT

When the receive interrupt is enabled, an interrupt will
be generated when a message has been successfully
received and loaded into the associated receive buffer.
This interrupt is activated immediately after receiving
the EOF field. The RXBnIF bit will be set to indicate the
source of the interrupt. The interrupt is cleared by the
MCU resetting the RXBnIF bit to a ‘0’.

DS41159E-page 238
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REGISTER 20-2:

bit 7

bit 6

ADCON1: A/D CONTROL REGISTER 1

R/W-0 R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM ADCS2 = = PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0

ADFM: A/D Result Format Select bit

1 = Right justified. Six (6) Most Significant bits of ADRESH are read as ‘0’.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as ‘0’.

ADCS2: A/D Conversion Clock Select bit (ADCON1 bits in bold)

ADCON1 ADCONO Clock Conversion
<ADCS2> |<ADCS1:ADCSO0>
] 00 Fosc/2
] 01 Fosc/8
] 10 Fosc/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 FRC (clock derived from the internal A/D RC oscillator)

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits

PCFG | AN7 | AN6 | AN5 | AN4 AN3 AN2 | AN1 | ANO | VREF+ | VREF- C/R
0000 A A A A A A A A VDD Vss 8/0
0001 A A A A VREF+ A A A AN3 Vss v
0010 D D D A A A A A VDD Vss 5/0
0011 D D D A VREF+ A A A AN3 Vss 41
0100 D D D D A D A A VDD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 211
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ | VREF- A A AN3 AN2 6/2
1001 D D A A A A A A VDD Vss 6/0
1010 D D A A VREF+ A A A AN3 Vss 5/1
1011 D D A A VREF+ | VREF- A A AN3 AN2 4/2
1100 D D D A VREF+ | VREF- A A AN3 AN2 3/2
1101 D D D D VREF+ | VREF- A A AN3 AN2 2/2
1110 D D D D D D D A VDD Vss 1/0
1111 D D D D VREF+ | VREF- D A AN3 AN2 12

A = Analog input D = Digital I/O
C/R = # of analog input channels/# of A/D voltage references

Note: Shaded cells indicate channels available only on PIC18F4X8 devices.

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

Note:  On any device Reset, the port pins that are multiplexed with analog functions (ANXx)
are forced to be analog inputs.
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20.4 A/D Conversions

Figure 20-4 shows the operation of the A/D converter
after the GO bit has been set. Clearing the GO/DONE
bit during a conversion will abort the current conver-
sion. The A/D Result register pair will not be updated
with the partially completed A/D conversion sample.
That is, the ADRESH:ADRESL registers will continue
to contain the value of the last completed conversion
(or the last value written to the ADRESH:ADRESL
registers). After the A/D conversion is aborted, a 2 TAD
wait is required before the next acquisition is started.
After this 2 TAD wait, acquisition on the selected
channel is automatically started.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

20.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16 bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D
Format Select bit (ADFM) controls this justification.
Figure 20-3 shows the operation of the A/D result justi-
fication. The extra bits are loaded with ‘0’s. When an
A/D result will not overwrite these locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

FIGURE 20-3: A/D RESULT JUSTIFICATION
10-bit Result

ADFM = 1 ADFM = 0

AL A .
7 2107 0 7 0765 0

000000 . . 0000 00
~ * ~ ’ ~ * ~ ’
ADRESH ADRESL ADRESH ADRESL
10-bit Result 10-bit Result
Right Justified Left Justified
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24.4 Program Verification and
Code Protection

The overall structure of the code protection on the
PIC18 Flash devices differs significantly from other
PICmicro devices.

The user program memory is divided into five blocks.
One of these is a boot block of 512 bytes. The remain-
der of the memory is divided into four blocks on binary
boundaries.

Each of the five blocks has three code protection bits
associated with them. They are:

¢ Code-Protect bit (CPn)

¢ Write-Protect bit (WRTn)

¢ External Block Table Read bit (EBTRn)

Figure 24-3 shows the program memory organization
for 16 and 32-Kbyte devices and the specific code

protection bit associated with each block. The actual
locations of the bits are summarized in Table 24-3.

FIGURE 24-3: CODE-PROTECTED PROGRAM MEMORY FOR PIC18FXX8
MEMORY SIZE/DEVICE
Block Code Protection
16 Kbytes 32 Kbytes Address Controlled By:
(PIC18FX48) (PIC18FX58) Range
000000h
Boot Block Boot Block 0001FFh CPB, WRTB, EBTRB
000200h
Block 0 Block 0 CPO, WRTO, EBTRO
001FFFh
002000h
Block 1 Block 1 CP1, WRT1, EBTR1
003FFFh
Unimplemented 004000
R:ad ‘'s Block 2 CP2, WRT2, EBTR2
005FFFh
Unimplemented 006000
il Block 3 CP3, WRT3, EBTR3
007FFFh
008000h
Unimplemented Unimplemented
Read ‘0’s Read ‘0’s (Unimplemented Memory Space)
1FFFFFh
TABLE 24-3: SUMMARY OF CODE PROTECTION REGISTERS
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
300008h CONFIG5L — — — — CP3 CP2 CP1 CPO
300009h CONFIG5H CPD CPB — — — — — —
30000Ah CONFIG6L — — — — WRT3 WRT2 WRT1 WRTO
30000Bh CONFIG6H | WRTD WRTB WRTC — — — — —
30000Ch CONFIG7L — — — — EBTR3 | EBTR2 | EBTR1 EBTRO
30000Dh CONFIG7H — EBTRB — — — — — —

Legend: Shaded cells are unimplemented.
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TABLE 25-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit:
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7).
BSR Bank Select Register. Used to select the current RAM bank.
d Destination select bit:
d = 0: store result in WREG
d = 1: store result in file register f
dest Destination either the WREG register or the specified register file location.
£ 8-bit register file address (0x00 to OxFF).
fs 12-bit register file address (0x000 to OxFFF). This is the source address.
fd 12-bit register file address (0x000 to OxFFF). This is the destination address.
k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value).
label Label name.
mm The mode of the TBLPTR register for the table read and table write instructions.
Only used with table read and table write instructions:
* No change to register (such as TBLPTR with table reads and writes)
* 4 Post-Increment register (such as TBLPTR with table reads and writes)
* - Post-Decrement register (such as TBLPTR with table reads and writes)
+% Pre-Increment register (such as TBLPTR with table reads and writes)
n The relative address (2’'s complement number) for relative branch instructions or the direct address for
Call/Branch and Return instructions.
PRODH Product of Multiply High Byte.
PRODL Product of Multiply Low Byte.
s Fast Call/Return mode select bit:
s = 0: do not update into/from shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)
u Unused or unchanged.
WREG Working register (accumulator).
x Don’t care (0 or 1).
The assembler will generate code with x = 0. It is the recommended form of use for compatibility with all
Microchip software tools.
TBLPTR 21-bit Table Pointer (points to a program memory location).
TABLAT 8-bit Table Latch.
TOS Top-of-Stack.
PC Program Counter
PCL Program Counter Low Byte.
PCH Program Counter High Byte.
PCLATH Program Counter High Byte Latch.
PCLATU Program Counter Upper Byte Latch.
GIE Global Interrupt Enable bit.
WDT Watchdog Timer.
TO Time-out bit.
PD Power-Down bit.
c, bc, z, OV, N ALU status bits: Carry, Digit Carry, Zero, Overflow, Negative.
[ 1 Optional.
() Contents.
- Assigned to.
< > Register bit field.
€ In the set of.
italics User defined term (font is courier).
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COMF Complement f
Syntax: [ label] COMF f[,d[a]]
Operands: 0<f<255
d e [0,1]
ae [0,1]
Operation: (_) — dest
Status Affected: N, Z
Encoding: | ooo1 | 11da | £ | £eer |
Description: The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the result is
stored in W. If ‘d" is ‘1, the result is
stored back in register ‘f’ (default). If ‘a’
is ‘0’, the Access Bank will be selected,
overriding the BSR value. If ‘@’ = 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: COMF REG, W
Before Instruction
REG = 0x13
After Instruction
REG = 0x13
w = OxEC

CPFSEQ Compare f with W, Skip if f=W
Syntax: [ label] CPFSEQ f[,a]
Operands: 0<f<255

ae [0,1]
Operation: (f) = (W),

Status Affected:

skip if (f) = (W)
(unsigned comparison)

None

Encoding: | 0110 ‘ 00la | fEff ‘ fEff |
Description: Compares the contents of data memory
location ‘f’ to the contents of W by
performing an unsigned subtraction.
If ‘f = W, then the fetched instruction is
discarded and a NOP is executed
instead, making this a two-cycle
instruction. If ‘a’ is ‘0’, the Access Bank
will be selected, overriding the BSR
value. If ‘a’ = 1, then the bank will be
selected as per the BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG
NEQUAL
EQUAL
Before Instruction
PC Address =  HERE
w = ?
REG = ?
After Instruction
If REG = W,
PC = Address (EQUAL)
If REG # ;
PC = Address (NEQUAL)
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GOTO Unconditional Branch INCF Increment f
Syntax: [label] GOTO k Syntax: [label] INCF f[,d[,a]]
Operands: 0 <k <1048575 Operands: 0<f<255
Operation: k - PC<20:1> de[01]
a e [0,1]
Status Affected: None )
Operation: (f) + 1 — dest
Encoding: Af . DC. N.OV. Z
1st word (k<7:0>) 1110 | 1111 | kskkk | kkkk, Status Affected: C.DC,N, OV,
2nd word(k<19:8>) | 1111 |k,okkk| kkkk | kkkkg Encoding: | o010 | 10da | £fre | feer |
Description: GOTO allows an unconditional branch Description: The contents of register ‘" are
anywhere within entire 2-Mbyte memory incremented. If ‘d’ is ‘0’, the result is
range. The 20-bit value ‘K’ is loaded into placed in W. If ‘d’ is ‘1’, the result is
PC<20:1>. GOTO is always a two-cycle placed back in register ‘f’ (default). If ‘@’
instruction. is ‘0’, the Access Bank will be selected,
Words: 2 overriding the BSR value. If ‘@’ = 1, then
' the bank will be selected as per the
Cycles: 2 BSR value (default).
Q Cycle Activity: Words: 1
Q1 Q2 Q3 Q4 Cycles: 1
Decode Read literal No Read literal le Activity:
‘k’<7:0> operation ‘k'<19:8>, Q Cycle Activity:
Write to PC Q1 Q2 Qs Q4
No No No No Decode Read Process Write to
operation | operation | operation | operation register ‘f’ Data destination
Example: GOTO THERE Example: INCF CNT,
After Instruction Before Instruction
PC = Address (THERE) gNT = 8XFF
C = 2
DC = ?
After Instruction
CNT = 0x00
V4 = 1
C = 1
DC = 1
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LFSR Load FSR MOVF Move f
Syntax: [ label] LFSR fk Syntax: [ label] MOVF f[,d[,a]l
Operands: 0<f<2 Operands: 0<f<255
0 <k <4095 de [0,1]
Operation: k - FSRf ae [0.1]
Status Affected: None Operation: f— dest
Encoding: 1110 | 1110 | O00ff |k, kkk Status Affected: N, Z
1111 | 0000 | k,kkk | kkkk Encoding: | 0101 | 00da | FEEE | FEEE |
Description: The 12-bit literal 'k’ is loaded into the Description: The contents of register ‘' are moved to
file select register pointed to by ‘f. a destination dependent upon the
Words: 2 status qf ‘o If‘d’ i§ ‘0’, the result i§
placed in W. If ‘d’ is ‘1’, the result is
Cycles: 2 placed back in register ‘' (default).
Q Cycle Activity: Location ‘f" can be anywhere in the
Qf Q2 Q3 Q4 256-bytfe bank. If ‘a’is ‘0’, tr?elAccess
Decod R i | P Wi Bank will be selected, overriding the
ecode ?;?\A'tga g’cess . ”:‘?k, BSR value. If ‘a’ = 1, then the bank will
S ata itera be selected as per the BSR value
MSB to (default).
FSRfH
Decode Read literal Process Write literal Words: 1
‘K’ LSB Data ‘k’ to FSRfL Cycles: 1
Q Cycle Activity:
Example: LFSR 2, O0x3AB Q1 Q2 Q3 Q4
After Instruction Decode Read Process Write W
FSR2H =  0x03 register ‘f’ Data
FSRaL = OxAB
Example: MOVF REG, W
Before Instruction
REG = 0x22
w = OxFF
After Instruction
REG = 0x22
w = 0x22
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27.1 DC Characteristics (Continued)
PIC18LFXX8 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature  -40°C < TA < +85°C for industrial
PIC18FXX8 Standard Operating Conditions (unless otherwise stated)
(Industrial, Extended) Operating temperature  -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
Param Symbol Charact_erlstlcl Min | Typ | Max | Units Conditions
No. Device
AlwDT | Module Differential Current
D022 Watchdog Timer| — | 0.75 | 1.5 | uA |VDD =25V, +25°C
PIC18LFXX8| — | 0.8 8 LA | VDD = 2.0V, -40°C to +85°C
— 7 25 | uA | VDD =4.2V, -40°C to +85°C
D022 Watchdog Timer| — 7 25 | pA | VDD =4.2V, +25°C
PIC18FXX8| — 7 25 | pA | VDD =4.2V, -40°C to +85°C
— 7 45 | pA | VDD =4.2V, -40°C to +125°C
D022A | AIBOR Brown-out Reset®| — | 38 | 50 | pA |VDD=2.0V, +25°C
PIC18LFXX8| — | 42 | 55 | puA |VDD=2.0V, -40°C to +85°C
— | 49 | 65 | uA |VDD=4.2V, -40°C to +85°C
D022A Brown-out Reset® | — | 46 | 65 | pA |VDD =4.2V, +25°C
PIC18FXX8| — | 49 | 65 | uA |[VDD =4.2V, -40°C to +85°C
— | 50 | 75 | uA |VDD=4.2V, -40°C to +125°C
D022B | AlLVD Low-Voltage Detect® | — | 36 | 50 | pA |VDD=2.0V, +25°C
PIC18LFXX8| — | 40 | 55 | pA |VDD=2.0V, -40°C to +85°C
— | 47 | 65 | uA |VDD=4.2V, -40°C to +85°C
D022B Low-Voltage Detect® | — | 44 | 65 | pA |VDD =4.2V, +25°C
PIC18FXX8| — | 47 | 65 | uA |[VDD =4.2V, -40°C to +85°C
— | 47 | 75 | puA |VDD=4.2V, -40°C to +125°C
D025 | AlTMR1 Timer1 Oscillator| — 6.2 40 uA VDD = 2.0V, +25°C
PIC18LFXX8| — | 6.2 | 45 | pA |VDD=2.0V, -40°C to +85°C
— | 75 | 55 | uA |VDD=4.2V, -40°C to +85°C
D025 Timer1 Oscillator| — 7.5 55 UA (VDD = 4.2V, +25°C
PIC18FXX8| — | 7.5 | 55 | uA |[VDD =4.2V, -40°C to +85°C
— | 75 | 65 | uA |VDD=4.2V, -40°C to +125°C
Legend: Rows are shaded for improved readability.
Note 1: This is the limit to which VDD can be lowered in Sleep mode, or during a device Reset, without losing RAM
data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/0
pin loading and switching rate, oscillator type, internal code execution pattern and temperature, also have
an impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is
measured with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD and Vss
and all features that add delta current disabled (such as WDT, Timer1 Oscillator, BOR, ...).

4: For RC oscillator configuration, current through REXT is not included. The current through the resistor can
be estimated by the formula Ir = VDD/2 REXT (mA) with REXT in kOhm.

5: The LVD and BOR modules share a large portion of circuitry. The AIBOR and AILVD currents are not

additive. Once one of these modules is enabled, the other may also be enabled without further penalty.
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FIGURE 27-4: LOW-VOLTAGE DETECT CHARACTERISTICS

VDD

------------------ /~ (LVDIF can be

VLvD cleared in software)

(LVDIF set by hardware)

- 37 >

LVDIF _

TABLE 27-1: LOW-VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Low-Voltage Detect Characteristics Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

P?\lr:m Symbol Characteristic Min Typ Max | Units | Conditions

D420 |VLvD LVD Voltage LVV = 0001 1.96 2.06 2.16 T>25°C
LVV = 0010 2.16 2.27 2.38 T>25°C
LVV = 0011 2.35 2.47 2.59 T>25°C

LVV =o0100 2.43 2.58 2.69

LVV =o0101 2.64 2.78 2.92

LVV =o0110 2.75 2.89 3.03

LVV =o0111 2.95 3.1 3.26

LVV =1000 3.24 3.41 3.58

LVV =1001 3.43 3.61 3.79

LVV =1010 3.53 3.72 3.91

LVV =1011 3.72 3.92 4.12

LVV =1100 3.92 413 4.34

LVV =1101 4.07 4.33 4.59

I <K<K IK<IK<IK< | K<< |<K<[ <[ <K<

LVV =1110 4.36 4.64 4.92
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