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PIC18F2420/2520/4420/4520

TABLE 1-2: PIC18F2420/2520 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number .
Pin Name SPDIP, Pin |Buffer Description
' Type| Type
solC QFN | Typ yp
PORTB is a bidirectional 1/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/INTO/FLTO/AN12 21 18

RBO /1O | TTL Digital 1/0.

INTO | ST External interrupt 0.

FLTO | ST PWM Fault input for CCP1.

AN12 I |Analog| Analog input 12.
RB1/INT1/AN10 22 19

RB1 /10 | TTL Digital 1/0.

INT1 | ST External interrupt 1.

AN10 I |Analog| Analog input 10.
RB2/INT2/AN8 23 20

RB2 /10 | TTL Digital 1/0.

INT2 | ST External interrupt 2.

ANS8 I |Analog| Analog input 8.
RB3/AN9/CCP2 24 21

RB3 /10 | TTL Digital 1/0.

AN9 I |Analog| Analog input9.

ccp2) 110 ST Capture 2 input/Compare 2 output/PWM2 output.
RB4/KBIO/AN11 25 22

RB4 /10 | TTL Digital 1/0.

KBIO | TTL Interrupt-on-change pin.

AN11 I |Analog| Analog input 11.
RB5/KBI1/PGM 26 23

RB5 /10 | TTL Digital 1/0.

KBI1 | TTL Interrupt-on-change pin.

PGM /10 | ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 27 24

RB6 /10 | TTL Digital 1/0.

KBI2 | TTL Interrupt-on-change pin.

PGC 110 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28 25

RB7 /10 | TTL Digital I/O.

KBI3 | TTL Interrupt-on-change pin.

PGD 110 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX; is cleared.
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The PLUSW register can be used to implement a form
of Indexed Addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

54.3.3 Operations by FSRs on FSRs

Indirect Addressing operations that target other FSRs
or virtual registers represent special cases. For
example, using an FSR to point to one of the virtual
registers will not result in successful operations. As a
specific case, assume that FSROH:FSROL contains
FE7h, the address of INDF1. Attempts to read the
value of the INDF1 using INDFO as an operand will
return 00h. Attempts to write to INDF1 using INDFO as
the operand will result in a NOP.

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to the
FSR2H:FSR2L.

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses indirect addressing.

Similarly, operations by Indirect Addressing are gener-
ally permitted on all other SFRs. Users should exercise
the appropriate caution that they do not inadvertently
change settings that might affect the operation of the
device.

55 Data Memory and the Extended
Instruction Set

Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Specifi-
cally, the use of the Access Bank for many of the core
PIC18 instructions is different; this is due to the
introduction of a new addressing mode for the data
memory space.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect Addressing
with FSRO and FSR1 also remains unchanged.

5.5.1 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of Indirect Addressing using the FSR2
register pair within Access RAM. Under the proper
conditions, instructions that use the Access Bank — that
is, most bit-oriented and byte-oriented instructions —
can invoke a form of Indexed Addressing using an
offset specified in the instruction. This special address-
ing mode is known as Indexed Addressing with Literal
Offset, or Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:

» The use of the Access Bank is forced (‘a’ = 0) and

» The file address argument is less than or equal to
5Fh.

Under these conditions, the file address of the instruc-
tion is not interpreted as the lower byte of an address
(used with the BSR in direct addressing), or as an 8-bit
address in the Access Bank. Instead, the value is
interpreted as an offset value to an Address Pointer,
specified by FSR2. The offset and the contents of
FSR2 are added to obtain the target address of the
operation.

5.5.2 INSTRUCTIONS AFFECTED BY
INDEXED LITERAL OFFSET MODE

Any of the core PIC18 instructions that can use Direct
Addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set.
Instructions that only use Inherent or Literal Addressing
modes are unaffected.

Additionally, byte-oriented and bit-oriented instructions
are not affected if they do not use the Access Bank
(Access RAM bit is ‘1’), or include a file address of 60h
or above. Instructions meeting these criteria will
continue to execute as before. A comparison of the dif-
ferent possible addressing modes when the extended
instruction set is enabled in shown in Figure 5-9.

Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 24.2.1
“Extended Instruction Syntax”.

DS39631E-page 70
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TABLE 7-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
EEADR EEPROM Address Register 51
EEDATA EEPROM Data Register 51
EECON2 |EEPROM Control Register 2 (not a physical register) 51
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD 51
IPR2 OSCFIP CMIP — EEIP BCLIP | HLVDIP | TMRS3IP | CCP2IP 52
PIR2 OSCFIF CMIF — EEIF BCLIF | HLVDIF | TMR3IF | CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE | HLVDIE | TMRS3IE | CCP2IE 52

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.

© 2008 Microchip Technology Inc. DS39631E-page 87
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9.6 INTX Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1 and
RB2/INT2 pins are edge-triggered. If the corresponding
INTEDGx bit in the INTCON2 register is set (= 1), the
interrupt is triggered by a rising edge; if the bit is clear,
the trigger is on the falling edge. When a valid edge
appears on the RBx/INTx pin, the corresponding flag
bit, INTxIF, is set. This interrupt can be disabled by
clearing the corresponding enable bit, INTXIE. Flag bit,
INTxIF, must be cleared in software in the Interrupt
Service Routine before re-enabling the interrupt.

All external interrupts (INTO, INT1 and INT2) can wake-
up the processor from Idle or Sleep modes if bit INTXIE
was set prior to going into those modes. If the Global
Interrupt Enable bit, GIE, is set, the processor will
branch to the interrupt vector following wake-up.

Interrupt priority for INT1 and INT2 is determined by the
value contained in the Interrupt Priority bits, INT1IP
(INTCON3<6>) and INT2IP (INTCON3<7>). There
is no priority bit associated with INTO. It is always a
high-priority interrupt source.

EXAMPLE 9-1:

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit, TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL regis-
ter pair (FFFFh — 0000h) will set TMROIF. The interrupt
can be enabled/disabled by setting/clearing enable bit,
TMROIE (INTCON<5>). Interrupt priority for Timer0 is
determined by the value contained in the interrupt
priority bit, TMROIP (INTCON2<2>). See Section 11.0
“Timer0 Module” for further details on the TimerQ
module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack. If a fast
return from interrupt is not used (see Section 5.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 9-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

SAVING STATUS, WREG AND BSR REGISTERS IN RAM

MOVWF W_TEMP

MOVFF STATUS, STATUS_TEMP
MOVFF BSR, BSR_TEMP

i

; USER ISR CODE

MOVF W_TEMP, W
MOVFF STATUS_TEMP, STATUS

; W_TEMP is in virtual bank
; STATUS_TEMP located anywhere
; BSR_TMEP located anywhere

MOVFF  BSR_TEMP, BSR ; Restore BSR
; Restore WREG
; Restore STATUS

© 2008 Microchip Technology Inc.
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TABLE 10-3: PORTB I/0 SUMMARY

Pin Function S::?tilﬁg /0 Tl)ige
RBO/INTO/FLTO/ RBO 0 (@) DIG LATB<0> data output; not affected by analog input.
AN12 1 | TTL PORTB<0> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.
INTO 1 | ST External interrupt O input.
FLTO 1 | ST Enhanced PWM Fault input (ECCP1 module); enabled in software.
AN12 1 | ANA | A/D input channel 12.()
RB1/INT1/AN10 RB1 0 O DIG LATB<1> data output; not affected by analog input.
1 | TTL PORTB<1> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
INT1 1 | ST External Interrupt 1 input.
AN10 1 | ANA | A/D input channel 10.()
RB2/INT2/AN8 RB2 0 (0] DIG LATB<2> data output; not affected by analog input.
1 | TTL |PORTB<2> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.
INT2 1 | ST External interrupt 2 input.
ANS 1 | ANA | A/D input channel 8.
RB3/AN9/CCP2 RB3 0 O DIG LATB<3> data output; not affected by analog input.
1 | TTL PORTB<3> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.®
AN9 1 | ANA | A/D input channel 9.
ccp2@ 0 (@) DIG CCP2 compare and PWM output.
1 | ST CCP2 capture input
RB4/KBI0/AN11 RB4 0 (@) DIG LATB<4> data output; not affected by analog input.
1 | TTL |PORTB<4> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.)
KBIO 1 | TTL Interrupt-on-pin change.
ANT1 1 | ANA | A/D input channel 11.3
RB5/KBI1/PGM RB5 0 (0] DIG LATB<5> data output.
1 | TTL PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBI1 1 | TTL Interrupt-on-pin change.
PGM x | ST Single-Supply In-Circuit Serial Programming™ mode entry (ICSP™).
Enabled by LVP Configuration bit; all other pin functions disabled.
RB6/KBI2/PGC RB6 0 (0] DIG LATB<6> data output.
1 | TTL |PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBI2 1 | TTL Interrupt-on-pin change.
PGC x I ST Serial execution (ICSP) clock input for ICSP and ICD operation.(®
RB7/KBI3/PGD RB7 0 (0] DIG LATB<7> data output.
1 | TTL |PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBI3 1 | TTL Interrupt-on-pin change.
PGD x (@) DIG Serial execution data output for ICSP and ICD operation.(3)
x | ST Serial execution data input for ICSP and ICD operation.(?’)
Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level input/output;
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Configuration on POR is determined by the PBADEN Configuration bit. Pins are configured as analog inputs by default
when PBADEN is set and digital inputs when PBADEN is cleared.
2:  Alternate assignment for CCP2 when the CCP2MX Configuration bit is ‘0’. Default assignment is RC1.
3:  All other pin functions are disabled when ICSP or ICD are enabled.

© 2008 Microchip Technology Inc.
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12.1

Timer1 can operate in one of these modes:

Timerl Operation

e Timer

» Synchronous Counter

* Asynchronous Counter

The operating mode is determined by the clock select

bit, TMR1CS (T1CON<1>). When TMR1CS is cleared
(= 0), Timer1 increments on every internal instruction

cycle (Fosc/4). When the bit is set, Timer1 increments
on every rising edge of the Timer1 external clock input
or the Timer1 oscillator, if enabled.

When Timer1 is enabled, the RC1/T10SI| and RCO0/
T10SO/T13CKI pins become inputs. This means the
values of TRISC<1:0> are ignored and the pins are
read as ‘0’.

FIGURE 12-1: TIMER1 BLOCK DIAGRAM
Timer1 Oscillator —— Timer1 Clock Input
! \ On/Off 1
T10SO/T13CKI % o 9—4 1 _
I | Prescaler Synchronize
! ! Fosc/4 Detect 0
! Internal o 1248 4 Detec
T108! ! Clock 5
""""" Sleep Input .
T10SCEN® TMR1CS Timer1
T1CKPS<1:0> On/Off
T1SYNC
TMR10ON
Set
Clear TMR1 =I TMRIL ‘ HL“r’]'%l,te TMRAIF
(CCP Special Event Trigger) on Overflow
Note 1: When enable bit, TTOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

FIGURE 12-2: TIMER1 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)
Tirm_er_l_O_sgillagor — Timer1 Clock Input
, ) 1
T10SO/T13CKI E S — I’>—< 1 .
! . Prescaler Synchronize
' ' Fosc/4 Detect 0
! Internal 1,248 f
T108I : Clock )
"""" Sleep Input )
T10SCEN® TMR1CS Timer1
T1CKPS<1:0> On/Off
T1SYNC
TMR1ON
v Set
Clear TMR1 =i TMRIL | HL'\,fFél,te |—> TMR1IF
(CCP Special Event Trigger) 7N\ 8 on Overflow
k K LRead TMR1L
Z_ M
Write TMR1L
8
8 /
TMR1H
8
8
< > Internal Data Bus
Note 1: When enable bit, TITOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

DS39631E-page 128
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18.4 EUSART Synchronous
Slave Mode

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTA<7>). This mode differs from the

To set up a Synchronous Slave Transmission:

1.

Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

Synchronous Master mode in that the shift clock is sup- 2. Cllear bits, CREN ar.1d SREN. '

plied externally at the CK pin (instead of being supplied 3. Ifinterrupts are desired, set enable bit, TXIE.

internally in Master mode). This allows the device to 4. If 9-bit transmission is desired, set bit, TX9.

transfer or receive data while in any low-power mode. 5. Enable the transmission by setting enable bit,
TXEN.

18.4.1 gtJAS\);“ETI'SXIL\ISCI\I/I-'I%gI’\IOOI\IUS 6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

The operation of the Synchronous Master and Slave 7. Starttransmission by loading data to the TXREG

modes is identical, except in the case of the Sleep register.

mode. 8. Ifusing interrupts, ensure that the GIE and PEIE

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 the TXREG
register.

c) 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 now 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

bits in the INTCON register (INTCON<7:6>) are
set.

vector.

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 PSPIF() ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 PSPIE® ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 52
IPR1 pspIP(® ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
TXREG EUSART Transmit Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
Note 1: Reserved in 28-pin devices; always maintain these bits clear.
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(VDD and Vss), or the voltage level on the RA3/AN3/
VREF+ and RA2/AN2/VREF-/CVREF pins.

The A/D Converter has a unique feature of being able
to operate while the device is in Sleep mode. To oper-
ate in Sleep, the A/D conversion clock must be derived
from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

FIGURE 19-1: A/D BLOCK DIAGRAM

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted.

Each port pin associated with the A/D Converter can be
configured as an analog input, or as a digital I/O. The
ADRESH and ADRESL registers contain the result of the
A/D conversion. When the A/D conversion is complete,
the result is loaded into the ADRESH:ADRESL register
pair, the GO/DONE bit (ADCONO register) is cleared and
the A/D Interrupt Flag bit, ADIF, is set. The block diagram
of the A/D module is shown in Figure 19-1.

\_ 0110 . IE ANG®)
: \_ 0101 . IE ANS(D)
: 0100 . ANG
VAIN l . . EZ
10-Bit (Input Voltage) ! 0011 : AN3
38 e
onvertier : 0010 :
' T _._‘% AN2
VCFG<1:0> | N\ 0001 . 5] an
;"7 vop® \Coooo @ANO
T v ! o X0 | TTTTTTTTTTToT
REF+ .
| Reference | o0
| Voltage | VREF- : o
t—— — —ro/o_—_l_
"""" Vss®?

Note 1: Channels, AN5 through AN7, are not available on 28-pin devices.
2: 1/O pins have diode protection to VDD and Vss.
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20.1 Comparator Configuration

There are eight modes of operation for the compara-
tors, shown in Figure 20-1. Bits CM<2:0> of the
CMCON register are used to select these modes. The
TRISA register controls the data direction of the com-
parator pins for each mode. If the Comparator mode is

changed, the comparator output level may not be valid
for the specified mode change delay shown in
Section 26.0 “Electrical Characteristics”.

Note: Comparator interrupts should be disabled
during a Comparator mode change;
otherwise, a false interrupt may occur.

FIGURE 20-1: COMPARATOR I/0 OPERATING MODES

Comparators Reset
CM<2:0> =000

RAO/ANO A VIN- | -

RA3/AN3/_A Vit | C1 Off (Read as '0’)
VREF+

RA1/ANT A VIN- |

RA2/ANZ/_A VIN+ + C2 Off (Read as ‘0’)
VREF-/CVREF

Comparators Off (POR Default Value)
CM<2:0> =111

RAO/ANO D V-

RA3/AN3/ D [vin+
VREF+

Off (Read as ‘0’)

RA2/AN2/ _D VIN+ Off (Read as ‘0’)

>
+
RAT/ANT D [lvm- >
c2
J’_

VREF-/CVREF L

Two Independent Comparators
CM<2:0> =010

RAO/ANO A ViN- | *
RA3/AN3/ A Vit | Cf ciout
VREF+

RA1/ANT A ViN- |~
RA2/AN2/ A Vit | C2 c20UT
VREF-/CVREF

Two Independent Comparators with Outputs
CM<2:0> =011

RAO/ANO A VIN- |

RA3/AN3/ A VIN+ +C1 C10UT
VREF+

RA4/TOCKI/C10UT*

RA1/ANT A VN |©

RA2/AN2/ A VIN+ +CZ C20UT
VREF-/CVREF

RA5/AN4/SS/HLVDIN/C20UT*

Two Common Reference Comparators
CM<2:0>=100

RAO/ANO A ViN- | =

RA3/AN3/ A v+ | C1 ciout
VREF+

RAT/ANT A | VIN- | =

RA2/AN2/_D_ [ VIN+ | c2 c20uT
VREF-/CVREF

Two Common Reference Comparators with Outputs
CM<2:0> =101

RAO/ANO —A—— VIN- |

RA3/AN3/ A VIN+ C1 c10uUT
J’_

VREF+

RA4/TOCKI/C10UT*

RATANT _A__|vin- [

RA2/AN2/  p  |vi+ | C2 c20uUT

VREF-/CVREF — +

RA5/AN4/SS/HLVDIN/C20UT*

One Independent Comparator with Output
CM<2:0> =001

Four Inputs Multiplexed to Two Comparators
CM<2:0> =110

A

RAO/ANO A VIN- | 7 RADANO  ——0 5o v >
RA3/AN3/ A Vit | C1 s— C10UT RA3/AN3/ _A o CIS=1 e | C10UT
VREF+ VREF+
RA4/TOCKI/C10UT* RA1/AN1 LO

o CIS=0 VIN- |

RA2/AN2/ _A , " CIS=1
RA1/ANT 2= VN = VREF-/CVREF ViNY | €2 c20uT
Cc2 Off (Read as ‘0’

RA2/AN2/_D Vit | ( ) CVREF
VREF-/CVREF —— From VREF Module
A = Analog Input, port reads zeros always D = Digital Input CIS (CMCON<3>) is the Comparator Input Switch

* Setting the TRISA<5:4> bits will disable the comparator outputs by configuring the pins as inputs.
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23.4 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the micro-
controller to continue operation in the event of an external
oscillator failure by automatically switching the device
clock to the internal oscillator block. The FSCM function
is enabled by setting the FCMEN Configuration bit.

When FSCM is enabled, the INTRC oscillator runs at
all times to monitor clocks to peripherals and provide a
backup clock in the event of a clock failure. Clock
monitoring (shown in Figure 23-3) is accomplished by
creating a sample clock signal, which is the INTRC out-
put divided by 64. This allows ample time between
FSCM sample clocks for a peripheral clock edge to
occur. The peripheral device clock and the sample
clock are presented as inputs to the Clock Monitor latch
(CM). The CM is set on the falling edge of the device
clock source, but cleared on the rising edge of the
sample clock.

FIGURE 23-3: FSCM BLOCK DIAGRAM
Clock Monitor
Latch (CM)
(edge-triggered)
Peripheral o
Clock > S Q
INTRC .
Source | 7] 784
(32 ps) 488 Hz
(2.048 ms)
Clock
Failure
Detected

Clock failure is tested for on the falling edge of the
sample clock. If a sample clock falling edge occurs
while CM is still set, a clock failure has been detected
(Figure 23-4). This causes the following:

» the FSCM generates an oscillator fail interrupt by
setting bit, OSCFIF (PIR2<7>);

« the device clock source is switched to the internal
oscillator block (OSCCON is not updated to show
the current clock source — this is the fail-safe
condition) and

* the WDT is reset.

During switchover, the postscaler frequency from the
internal oscillator block may not be sufficiently stable for
timing sensitive applications. In these cases, it may be
desirable to select another clock configuration and enter
an alternate power-managed mode. This can be done to

attempt a partial recovery or execute a controlled shut-
down. See Section 3.1.4 “Multiple Sleep Commands”
and Section 23.3.1 “Special Considerations for
Using Two-Speed Start-up” for more details.

To use a higher clock speed on wake-up, the INTOSC or
postscaler clock sources can be selected to provide a
higher clock speed by setting bits, IRCF<2:0>, immedi-
ately after Reset. For wake-ups from Sleep, the INTOSC
or postscaler clock sources can be selected by setting the
IRCF<2:0> bits prior to entering Sleep mode.

The FSCM will detect failures of the primary or second-
ary clock sources only. If the internal oscillator block
fails, no failure would be detected, nor would any action
be possible.

23.4.1 FSCM AND THE WATCHDOG TIMER

Both the FSCM and the WDT are clocked by the
INTRC oscillator. Since the WDT operates with a
separate divider and counter, disabling the WDT has
no effect on the operation of the INTRC oscillator when
the FSCM is enabled.

As already noted, the clock source is switched to the
INTOSC clock when a clock failure is detected.
Depending on the frequency selected by the
IRCF<2:0> bits, this may mean a substantial change in
the speed of code execution. If the WDT is enabled
with a small prescale value, a decrease in clock speed
allows a WDT time-out to occur and a subsequent
device Reset. For this reason, fail-safe clock events
also reset the WDT and postscaler, allowing it to start
timing from when execution speed was changed and
decreasing the likelihood of an erroneous time-out.

23.4.2 EXITING FAIL-SAFE OPERATION

The fail-safe condition is terminated by either a device
Reset or by entering a power-managed mode. On
Reset, the controller starts the primary clock source
specified in Configuration Register 1H (with any
required start-up delays that are required for the oscil-
lator mode, such as the OST or PLL timer). The
INTOSC multiplexer provides the device clock until the
primary clock source becomes ready (similar to a Two-
Speed Start-up). The clock source is then switched to
the primary clock (indicated by the OSTS bit in the
OSCCON register becoming set). The Fail-Safe Clock
Monitor then resumes monitoring the peripheral clock.

The primary clock source may never become ready dur-
ing start-up. In this case, operation is clocked by the
INTOSC multiplexer. The OSCCON register will remain
in its Reset state untii a power-managed mode is
entered.

© 2008 Microchip Technology Inc.
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TABLE 24-2: PIC18FXXXX INSTRUCTION SET

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 o01lda ffff ffff |C,DC,Z OV,N |1,2
ADDWFC f,d,a |Add WREG and Carry bit to f 1 0010 o0o0da ffff ffff |C,DC,Z OV,N |1,2
ANDWF f,d,a |AND WREG with f 1 0001 01lda ffff ffff |Z,N 1,2
CLRF f,a Clear f 1 0110 10la ffff ffff [Z 2
COMF f,d, a |Complement f 1 0001 11da ffff ffff [Z,N 1,2
CPFSEQ f,a Compare f with WREG, Skip = 1(2or3)| 0110 o00l1a ffff £ffff |None 4
CPFSGT f,a Compare f with WREG, Skip > 1(2or3)| 0110 010a ffff £ffff |None 4
CPFSLT f,a Compare f with WREG, Skip < 1(2or3)| 0110 o000a ffff £ff££f [None 1,2
DECF f,d, a |Decrement f 1 0000 o0l1da ffff ffff [C,DC,Z,0OV,N [1,2,3,4
DECFSZ f,d,a |Decrementf, Skip if 0 1(2or3)| 0010 11da ffff £ffff |None 1,2,3,4
DCFSNzZ f,d,a |Decrementf, Skip if Not O 1(2or3)| 0100 11da ffff £ff££f [None 1,2
INCF f,d, a |Incrementf 1 0010 1loda ffff ffff [C,DC,Z,0OV,N [1,2,3,4
INCFSzZ f,d, a |Incrementf, Skip if O 1(2or3)| 0011 11da ffff ffff |None 4
INFSNZ f,d,a |Increment f, Skip if Not 0 1(2or3)| 0100 10da ffff £ff££f [None 1,2
IORWF f,d,a |Inclusive OR WREG with f 1 0001 o00da ffff ffff |Z,N 1,2
MOVF f,d,a |Move f 1 0101 o0o0da ffff ffff [Z,N 1
MOVFF fs,fq |Move fg (source)to 1stword 2 1100 ffff ffff f£££f [None
fq (destination) 2nd word 1111 ffff ffff ffff
MOVWF f,a Move WREG to f 1 0110 11lla ffff £ff£ff |None
MULWF f,a Multiply WREG with f 1 0000 00la ffff £fff [None 1,2
NEGF f,a Negate f 1 0110 1l10a ffff ffff [C,DC,Z 0OV,N
RLCF f, d, a |Rotate Left f through Carry 1 0011 o01lda ffff ffff [C,Z N 1,2
RLNCF f,d, a |Rotate Left f (No Carry) 1 0100 o01da ffff ffff [Z,N
RRCF f, d, a |Rotate Right f through Carry 1 0011 o0o0da ffff ffff [C,Z N
RRNCF f, d, a |Rotate Right f (No Carry) 1 0100 o00da ffff ffff [Z,N
SETF f,a Set f 1 0110 100a ffff £ff£ff [None 1,2
SUBFWB f,d,a |Subtractffrom WREG with 1 0101 o01lda ffff ffff |C,DC,Z 0OV,N
Borrow
SUBWF f,d, a |Subtract WREG from f 1 0101 11da ffff ffff |C,DC,Z 0OV,N [1,2
SUBWFB f,d,a |Subtract WREG from f with 1 0101 1o0da ffff ffff |C,DC,Z OV,N
Borrow

SWAPF f,d, a |Swap Nibbles in f 1 0011 10da ffff ffff [None
TSTFSZ f,a Test f, Skip if 0 1(2or3)| 0110 o011a ffff £ff£ff |None 1,2
XORWF f, d,a |Exclusive OR WREG with f 1 0001 10da ffff ffff |Z,N

Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB,

1,

0), the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an

external device, the data will be written back with a ‘0.

2: If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if

assigned.

3: If the Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second

cycle is executed as a NOP.

4:  Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless the
first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program memory

locations have a valid instruction.
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TBLWT

Table Write

Syntax:
Operands:
Operation:

Status Affected:
Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

TBLWT (*; *+; *-; +¥)
None

if TBLWT*,

(TABLAT) — Holding Register,
TBLPTR - No Change;

if TBLWT*+,

(TABLAT) — Holding Register,
(TBLPTR) + 1 — TBLPTR;

if TBLWT*-,

(TABLAT) — Holding Register,
(TBLPTR) — 1 — TBLPTR;

if TBLWT+*,

(TBLPTR) + 1 — TBLPTR,
(TABLAT) — Holding Register

None

0000 0000 0000 1lnn

nn=0 *
=1 *+
=2 *-
=3 +*

This instruction uses the 3 LSBs of
TBLPTR to determine which of the

8 holding registers the TABLAT is written
to. The holding registers are used to
program the contents of Program
Memory (P.M.). (Refer to Section 6.0
“Flash Program Memory” for additional
details on programming Flash memory.)
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2-MByte address range.
The LSb of the TBLPTR selects which
byte of the program memory location to
access.

TBLPTR<0> = 0:Least Significant
Byte of Program
Memory Word
TBLPTR<0> = 1:Most Significant
Byte of Program
Memory Word
The TBLWT instruction can modify the

value of TBLPTR as follows:
* no change

» post-increment

» post-decrement

* pre-increment

1

2

Q1 Q2 Q3 Q4

Decode No No No
operationjoperation| operation

No No No No
operation [operation|operation| operation
(Read (Write to
TABLAT) Holding

Register )

TBLWT Table Write (Continued)
Example1: TBLWT *+;
Before Instruction
TABLAT = 55h
TBLPTR = 00A356h
HOLDING REGISTER
(00A356h) = FFh
After Instructions (table write completion)
TABLAT = 55h
TBLPTR = 00A357h
HOLDING REGISTER
(00A356h) = 55h
Example 2: TBLWT +*;
Before Instruction
TABLAT = 34h
TBLPTR = 01389Ah
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = FFh
After Instruction (table write completion)
TABLAT =  34h
TBLPTR = 01389Bh
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = 34h
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2420/2520/4420/4520 (Industrial)
PIC18LF2420/2520/4420/4520 (Industrial) (Continued)

PIC18LF2420/2520/4420/4520 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PICIOF2A20RS0A20AS20 ol el 407G < TS $35-C for mustl
’ -40°C < TA < +125°C for extended
Pilr:m Device Typ | Max | Units Conditions
Supply Current (Iop)@
PIC18LF2X2X/4X20| 165 | 250 HA -40°C
175 | 250 HA +25°C VDD = 2.0V
190 | 270 HA +85°C
PIC18LF2X2X/4X20| 250 | 360 LA -40°C
270 | 360 | uA +25°C VDD = 3.0V (RFSSEQ m:‘;e
290 | 380 e +85°C INTOSC source)’
All devices| 500 | 700 LA -40°C
520 | 700 LA +25°C VDD = 5.0V
550 | 700 HA +85°C
Extended devices only| 0.6 1 mA +125°C
PIC18LF2X2X/4X20| 340 | 500 HA -40°C
350 | 500 HA +25°C VDD = 2.0V
360 | 500 HA +85°C
PIC18LF2X2X/4X20| 520 | 800 HA -40°C
540 | 800 | WA +25°C VDD = 3.0V Fosc =4 MHz
580 | 850 uA 185°C (RC_IDLE mode,
INTOSC source)
All devices| 1.0 1.6 mA -40°C
1.1 1.4 mA +25°C
11 | 14 | mA +85°C VD = 5.0V
Extended devices only| 1.1 2.0 mA +125°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: 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 /O pins in high-impedance state and tied to VDD or Vss and all features that
add delta current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin
loading and switching rate, oscillator type and circuit, 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 I/O pins tri-stated, pulled to VDD or Vss;
MCLR = VbDD; WDT enabled/disabled as specified.

3:  When operation below -10°C is expected, use T10SC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0.
When operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.

4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less
than the sum of both specifications.
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2420/2520/4420/4520 (Industrial)
PIC18LF2420/2520/4420/4520 (Industrial) (Continued)

PIC18LF2420/2520/4420/4520 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F2420/2520/4420/4520 Standgrd Operating Conditionos (unless othoerwis? stateFI)
(Industriall Extended) Operating temperature -40°C <TA< +85 gfor industrial
-40°C < TA < +125°C for extended
Pilr:m Device Typ | Max | Units Conditions
Supply Current (Iop)@
PIC18LF2X2X/4X20| 10 | 25 | pA -40°C®)
" 21 A +25°C VDD = 2.0V
12 25 LA +85°C
PIC18LF2X2X/4X20| 42 | 57 | pA -40°c® Fosc = 32 kHz®
33 45 LA +25°C VoD = 3.0V (SEC_RUN mode,
29 45 HA +85°C Timer1 as clock)
All devices| 105 | 150 | pA -40°C®
81 130 LA +25°C VoD = 5.0V
67 130 A +85°C
PIC18LF2X2X/4X20| 3.0 | 12 | pA -40°c®
3.0 6 A +25°C VDD = 2.0V
3.7 10 A +85°C
PIC18LF2X2X/4X20| 5.0 | 15 | pA -40°c® Fosc = 32 kHz®
54 | 10 | pA +25°C VDD = 3.0V (SEC_IDLE mode,
6.3 15 HA +85°C Timer1 as clock)
All devices| 85 | 25 | pA -40°Cc®
9.0 20 LA +25°C VoD = 5.0V
10.5 | 30 LA +85°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: 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 or Vss and all features that
add delta current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin
loading and switching rate, oscillator type and circuit, 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 I/O pins tri-stated, pulled to VDD or Vss;
MCLR = VDD; WDT enabled/disabled as specified.

3:  When operation below -10°C is expected, use T10SC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0.
When operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.

4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less
than the sum of both specifications.
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FIGURE 26-7:

CLKO AND I/O TIMING

0SCH1 Z | |
10 Z TS I
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Co : 197 «18» ! !
: ' :‘E’ ! '—r' | —» <16 |
1/0 pin W / (I : i /// //
(Input) / /// L / A
T G —— 15 : ' !
(éﬁpﬂg Old Value X New Value |
TR | | |
Note: Refer to Figure 26-5 for load conditions.
TABLE 26-9: CLKO AND 1I/O TIMING REQUIREMENTS
Pzrg\m Symbol Characteristic Min Typ Max Units | Conditions
10 TosH2ckL |OSC1 T to CLKO | — 75 200 ns | (Note 1)
11 TosH2ckH |0SC1 T to CLKO T — 75 200 ns | (Note 1)
12 TckR CLKO Rise Time — 35 100 ns (Note 1)
13 TckF CLKO Fall Time — 35 100 ns (Note 1)
14 TckL2ioV |CLKO | to Port Out Valid — — |0.5Tcy +20| ns (Note 1)
15 TioV2ckH |Port In Valid before CLKO T 0.25Tey + 25| — — ns (Note 1)
16 TckH2iol  |Port In Hold after CLKO T 0 — — ns (Note 1)
17 TosH2ioV |0OSC1 T (Q1 cycle) to Port Out Valid — 50 150 ns
18 TosH2iol |OSC1 T (Q2 cycle) to PIC18FXXXX 100 — — ns
18A Port Input Invalid PIC18LFXXXX 200 — — ns |VDbD = 2.0V
(/O in hold time)
19 TioV2osH |Port Input Valid to OSC1 T (I/O in setup 0 — — ns
time)
20 TioR Port Output Rise Time |PIC18FXXXX — 10 25 ns
20A PIC18LFXXXX — — 60 ns |VDD = 2.0V
21 TioF Port Output Fall Time PIC18FXXXX — 10 25 ns
21A PIC18LFXXXX — — 60 ns |VDD = 2.0V
22t TINP INTx pin High or Low Time Tey — — ns
23t TRBP RB<7:4> Change INTx High or Low Time Tey — — ns
1 These parameters are asynchronous events not related to any internal clock edges.
Note 1. Measurements are taken in RC mode, where CLKO output is 4 x TOSC.
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FIGURE 26-14: EXAMPLE SPI MASTER MODE TIMING (CKE =1)

SCK ! ' ' :
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SDO

SDI

Note: Refer to Figure 26-5 for load conditions.

TABLE 26-15: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

P?\jsm' Symbol Characteristic Min Max | Units | Conditions
73 TdiV2scH, |Setup Time of SDI Data Input to SCK Edge 20 — ns
TdiV2scL
73A Tb2b Last Clock Edge of Byte 1 to the 1st Clock Edge | 1.5 Tcy +40 — ns |(Note 2)
of Byte 2
74 TscH2diL, |Hold Time of SDI Data Input to SCK Edge 40 — ns
TscL2diL
75 TdoR SDO Data Output Rise Time | PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD=2.0V
76 TdoF SDO Data Output Fall Time — 25 ns
78 TscR SCK Output Rise Time PIC18FXXXX — 25 ns
(Master mode) PIC18LFXXXX — 45 | ns |VbD=2.0V
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2doV, |SDO Data Output Valid after | PIC18FXXXX — 50 ns
TscL2doV | SCK Edge PIC18LFXXXX — 100 | ns |Vop=2.0V
81 TdoV2scH, | SDO Data Output Setup to SCK Edge Tey — ns
TdoV2scL

Note 1: Requires the use of Parameter #73A.
2. Only if Parameter #71A and #72A are used.
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NOTES:
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FIGURE 27-2: TYPICAL IpD vs. VDD ACROSS TEMPERATURE (SLEEP MODE)
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FIGURE 27-3: MAXIMUM IpD vs. VDD ACROSS TEMPERATURE (SLEEP MODE)
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APPENDIX C: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442”". The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.

APPENDIX D: MIGRATION FROM
HIGH-END TO
ENHANCED DEVICES

A detailed discussion of the migration pathway and dif-
ferences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXX) is provided in AN726, “PIC17CXXX to
PIC18CXXX Migration”. This Application Note is
available as Literature Number DS00726.
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PIC18F2420/2520/4420/4520 PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Temperature Range

Package

Pattern

PART NO. _|>g /_XIL XXX
Device Temperature  Package Pattern
Range
Device PIC18F2420/2520(0), PIC18F4420/4520(),

PIC18F2420/2520T(), PIC18F4420/4520T);
VDD range 4.2V to 5.5V

PIC18LF2420/2520W, PIC18LF4420/4520(),

PIC18LF2420/2520T®, PIC18LF4420/4520T®;
VDD range 2.0V to 5.5V

| -40°C to +85°C (Industrial)
E

-40°C to +125°C (Extended)
PT = TQFP (Thin Quad Flatpack)
SO = SoIC
SP = Skinny Plastic DIP
P = PDIP
ML = QFN

QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a)  PIC18LF4520-I/P 301 = Industrial temp., PDIP
package, Extended VDD limits, QTP pattern
#301.

b)  PIC18LF2420-I/SO = Industrial temp., SOIC
package, Extended VDD limits.

c)  PIC18F4420-I/P = Industrial temp., PDIP
package, normal VDD limits.

Note 1: F = Standard Voltage Range
LF = Wide Voltage Range
2: T = in tape and reel TQFP
packages only.
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