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PIC18F1220/1320

3.0 POWER MANAGED MODES

The PIC18F1220/1320 devices offer a total of six oper-
ating modes for more efficient power management
(see Table 3-1). These provide a variety of options for
selective power conservation in applications where
resources may be limited (i.e., battery powered
devices).

There are three categories of power managed modes:

» Sleep mode
 |dle modes
¢ Run modes

These categories define which portions of the device
are clocked and sometimes, what speed. The Run and
Idle modes may use any of the three available clock
sources (primary, secondary or INTOSC multiplexer);
the Sleep mode does not use a clock source.

The clock switching feature offered in other PIC18
devices (i.e., using the Timerl oscillator in place of the
primary oscillator) and the Sleep mode offered by all
PIC® devices (where all system clocks are stopped) are
both offered in the PIC18F1220/1320 devices
(SEC_RUN and Sleep modes, respectively). However,
additional power managed modes are available that
allow the user greater flexibility in determining what
portions of the device are operating. The power man-
aged modes are event driven; that is, some specific
event must occur for the device to enter or (more
particularly) exit these operating modes.

For PIC18F1220/1320 devices, the power managed
modes are invoked by using the existing SLEEP
instruction. All modes exit to PRI_RUN mode when trig-
gered by an interrupt, a Reset or a WDT time-out
(PRI_RUN mode is the normal full-power execution
mode; the CPU and peripherals are clocked by the pri-
mary oscillator source). In addition, power managed
Run modes may also exit to Sleep mode, or their
corresponding Idle mode.

3.1

Selecting a power managed mode requires deciding if
the CPU is to be clocked or not and selecting a clock
source. The IDLEN bit controls CPU clocking, while the
SCS1:SCSO bits select a clock source. The individual
modes, bit settings, clock sources and affected
modules are summarized in Table 3-1.

Selecting Power Managed Modes

3.1.1 CLOCK SOURCES

The clock source is selected by setting the SCS bits of
the OSCCON register (Register 2-2). Three clock
sources are available for use in power managed Idle
modes: the primary clock (as configured in Configuration
Register 1H), the secondary clock (Timerl oscillator)
and the internal oscillator block. The secondary and
internal oscillator block sources are available for the
power managed modes (PRI_RUN mode is the normal
full-power execution mode; the CPU and peripherals are
clocked by the primary oscillator source).

TABLE 3-1: POWER MANAGED MODES
OSCCON Bits Module Clocking
Mode IDLEN |scsi1:scso _ Available Clock and Oscillator Source
<7> <1:0> CPU Peripherals
Sleep 0 00 Off Off None — All clocks are disabled
PRI_RUN 0 00 Clocked Clocked  |Primary — LP, XT, HS, HSPLL, RC, EC, INTRC(®
This is the normal full-power execution mode.

SEC_RUN 0 01 Clocked Clocked |Secondary — Timerl Oscillator
RC_RUN 0 1x Clocked Clocked |Internal Oscillator Block(?)
PRI_IDLE 1 00 Off Clocked Primary — LP, XT, HS, HSPLL, RC, EC
SEC_IDLE 1 01 Off Clocked |Secondary — Timerl Oscillator
RC_IDLE 1 1x off Clocked |Internal Oscillator Block(?)
Note 1: Includes INTOSC and INTOSC postscaler, as well as the INTRC source.
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3.4

If the IDLEN bit is clear when a SLEEP instruction is
executed, the CPU and peripherals are both clocked
from the source selected using the SCS1:SCSO0 bits.
While these operating modes may not afford the power
conservation of Idle or Sleep modes, they do allow the
device to continue executing instructions by using a
lower frequency clock source. RC_RUN mode also
offers the possibility of executing code at a frequency
greater than the primary clock.

Run Modes

Wake-up from a power managed Run mode can be
triggered by an interrupt, or any Reset, to return to full-
power operation. As the CPU is executing code in Run
modes, several additional exits from Run modes are
possible. They include exit to Sleep mode, exit to a cor-
responding Idle mode and exit by executing a RESET
instruction. While the device is in any of the power
managed Run modes, a WDT time-out will result in a
WDT Reset.

34.1 PRI_RUN MODE

The PRI_RUN mode is the normal full-power execution
mode. If the SLEEP instruction is never executed, the
microcontroller operates in this mode (a SLEEP instruc-
tion is executed to enter all other power managed
modes). All other power managed modes exit to
PRI_RUN mode when an interrupt or WDT time-out
occur.

There is no entry to PRI_RUN mode. The OSTS bhit is
set. The IOFS bit may be set if the internal oscillator
block is the primary clock source (see Section 2.7.1
“Oscillator Control Register”).

3.4.2 SEC_RUN MODE

The SEC_RUN mode is the compatible mode to the
“clock switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the Timer1 oscillator. This gives users the
option of lower power consumption while still using a
high accuracy clock source.

FIGURE 3-9:

SEC_RUN mode is entered by clearing the IDLEN bit,
setting SCS1:SCSO = 01 and executing a SLEEP
instruction. The system clock source is switched to the
Timerl oscillator (see Figure 3-9), the primary oscilla-
tor is shut down, the TLRUN bit (TLCON<6>) is set and
the OSTS bit is cleared.

Note:  The Timerl oscillator should already be
running prior to entering SEC_RUN
mode. If the TLOSCEN bit is not set when
the SLEEP instruction is executed, the
SLEEP instruction will be ignored and
entry to SEC_RUN mode will not occur. If
the Timerl oscillator is enabled, but not
yet running, system clocks will be delayed
until the oscillator has started; in such
situations, initial oscillator operation is far
from stable and unpredictable operation
may result.

When a wake event occurs, the peripherals and CPU
continue to be clocked from the Timerl oscillator while
the primary clock is started. When the primary clock
becomes ready, a clock switchback to the primary clock
occurs (see Figure 3-6). When the clock switch is com-
plete, the TIRUN bit is cleared, the OSTS bit is set and
the primary clock is providing the system clock. The
IDLEN and SCS bits are not affected by the wake-up.
The Timerl oscillator continues to run.

Firmware can force an exit from SEC_RUN mode. By
clearing the TLOSCEN bit (TLCON<3>), an exit from
SEC_RUN back to normal full-power operation is trig-
gered. The Timerl oscillator will continue to run and
provide the system clock, even though the TLOSCEN
bit is cleared. The primary clock is started. When the
primary clock becomes ready, a clock switchback to the
primary clock occurs (see Figure 3-6). When the clock
switch is complete, the Timerl oscillator is disabled, the
T1RUN bit is cleared, the OSTS bit is set and the pri-
mary clock is providing the system clock. The IDLEN
and SCS bits are not affected by the wake-up.

TIMING TRANSITION FOR ENTRY TO SEC_RUN MODE

—

Clock Transition

CPU _/M\_/\ /M 2
Clock : | ) )
Peripheral _\ M\ M\ N NN e A A
Clock T | ' ' ' ! | '
Program y y T
cogram PC b PC +2 Y PC+2 ~
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6.3 Reading the Flash Program
Memory

The TBLRD instruction is used to retrieve data from
program memory and place it into data RAM. Table
reads from program memory are performed one byte at
atime.

TBLPTR points to a byte address in program space.
Executing a TBLRD instruction places the byte pointed
to into TABLAT. In addition, TBLPTR can be modified
automatically for the next table read operation.

FIGURE 6-4:

The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 6-4
shows the interface between the internal program
memory and the TABLAT.

READS FROM FLASH PROGRAM MEMORY

Odd (High) Byte

Program Memory

Even (Low) Byte

Instruction Register
(IR)

TBLPTR TBLPTR
LSB=1 LSB=0

TABLAT
Read Register

EXAMPLE 6-1:

READING A FLASH PROGRAM MEMORY WORD

MOWE  TBLPTRU
MOVLW  CODE_ADDR_HI GH
MOWAE  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAE  TBLPTRL

MOVW  WORD_ODD

MOVLW  CODE_ADDR_UPPER ; Load TBLPTR with the base
address of the word

READ_WORD
TBLRD* + ; read into TABLAT and increnent TBLPTR
MOVFW  TABLAT ; get data
MOWF  WORD_EVEN
TBLRD* + ; read into TABLAT and increnent TBLPTR
MOVFW  TABLAT ; get data

© 2002-2015 Microchip Technology Inc.
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REGISTER 9-3: INTCON3: INTERRUPT CONTROL REGISTER 3
R/W-1/1 R/W-1/1 uU-0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0
INT2IP INT1IP — INT2IE INT2IF INT1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 INT2IP: INT2 External Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 INT1IP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority

bit 5 Unimplemented: Read as ‘0’

bit 4 INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt

bit 3 INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt

bit 2 Unimplemented: Read as ‘0’

bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur

bit 0 INT1IF: INT1 External Interrupt Flag bit
1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Interrupt Enable bit. User software should
ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt.
This feature allows for software polling.
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FIGURE 10-10: BLOCK DIAGRAM OF RB3/CCP1/P1A PIN

EccP1® pin Output Enable

ECCP1™ pin Input Enable
RBPU®

VDD

P1A/C Tri-State Auto-Shutdown

ECCP1/P1A Data Out

—! Weak
D_| P Pull-up

VDD
—e
P
0
RD LATB
Data Bus D 0
WR LATB or
PORTB CK_\_6
Data Latch
o Hm
& D Q
WR TRISB = vss
CK\LQ
TRIS Latch TTL 'nPUtK7
] Buffer
‘
RD TRISB
/‘ Q D
EN
RD PORTB {>c —I
ECCPL1 Input
Q‘I
Schmitt
Trigger

Note 1: /O pins have diode protection to VbD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bhit (INTCON2<7>).
3: ECCPL1 pin output enable active for any PWM mode and Compare mode, where CCP1M<3:0>=1000 or 1001.
4: ECCPL1 pin input enable active for Capture mode only.

X

RB3 pin
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FIGURE 10-13: BLOCK DIAGRAM OF RB6/PGC/T10SO/T13CKI/P1C/KBI2 PIN

ECCP1 P1C/D Enable

FEEG
RBPU® 5 Weak
Pull-up
P1B/D Tri-State Auto-Shutdown ;D)~

P1C Data

1 a

RD LATB
Data Bus D o) %

WR LATB or ,
— RB6 pin
PORTB CKM_Q P

Data Latch

D Q

Timerl
Oscillator

WR TRISB CK_\‘_a

\/o

TRIS Latch L

*—0KL '7
From RB7 pin
TTL \ -
er

RD TRISB Schmitt\\
T10SCEN : Buff Trigger

*ﬁ- Qe o

RD PORTB EN Q1
Set RBIF
From other :z Q D

RB7:RB4 pins

RD PORTB

EN {I:Qs

PGC

T13CKI

Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (INTCON2<7>).
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TABLE 10-3: PORTB FUNCTIONS

Name Bit# Buffer Function
RBO/AN4/INTO bito | TTLA/STA Input/output port pin, analog input or external interrupt
input 0.
RB1/ANS/TX/CK/INT1 bit1 | TTLA/STA |input/output port pin, analog input, Enhanced USART

Asynchronous Transmit, Addressable USART
Synchronous Clock or external interrupt input 1.

RB2/P1B/INT2 bit2 | TTLA/STA Input/output port pin or external interrupt input 2.
Internal software programmable weak pull-up.
RB3/CCP1/P1A bit3 | TTLA/STG) | Input/output port pin or Capturel input/Comparel output/
PWM output. Internal software programmable weak pull-up.
RB4/AN6/RX/DT/KBIO bit4 | TTLA/ST® |Input/output port pin (with interrupt-on-change), analog input,

Enhanced USART Asynchronous Receive or Addressable
USART Synchronous Data.

RB5/PGM/KBI1 bits5 | TTLA/ST® |Input/output port pin (with interrupt-on-change).
Internal software programmable weak pull-up.
Low-Voltage ICSP™ enable pin.

RB6/PGC/T10SO/T13CKI/ | bit6 |TTLL/STEO) | Input/output port pin (with interrupt-on-change), Timer1/
P1C/KBI2 Timer3 clock input or Timerloscillator output.

Internal software programmable weak pull-up.

Serial programming clock.

RB7/PGD/T10SI/P1D/KBI3 bit7 | TTLA/STO) Input/output port pin (with interrupt-on-change) or Timerl
oscillator input. Internal software programmable weak pull-up.
Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a TTL input when configured as a port input pin.

2:  This buffer is a Schmitt Trigger input when configured as the external interrupt.
This buffer is a Schmitt Trigger input when configured as the CCP1 input.
This buffer is a Schmitt Trigger input when used as EUSART receive input.
This buffer is a Schmitt Trigger input when used in Serial Programming mode.
This buffer is a TTL input when used as the T13CKI input.

TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR all other

Resets
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO xxxXg gggg | uuuu uuuu
LATB LATB Data Output Register XXXX XXXX | uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
INTCON GIE/GIEH |[PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
INTCON2 RBPU | INTEDGO |INTEDG1 |INTEDG?2 — TMROIP — RBIP 1111 -1-1| 1111 -1-1
INTCON3 INT2IP INT1IP — INT2IE | INT1IE — INT2IF | INT1IF | 11-0 0-00 | 11-0 0-00
ADCON1 — PCFG6 PCFG5 | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO | -000 0000 | -000 0000

Legend: x =unknown, u = unchanged, q = value depends on condition. Shaded cells are not used by PORTB.
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17.7 A/D Conversions

Figure 17-3 shows the operation of the A/D converter
after the GO bit has been set and the ACQT2:ACQTO
bits are cleared. A conversion is started after the follow-
ing instruction to allow entry into Low-Power Sleep
mode before the conversion begins.

Figure 17-4 shows the operation of the A/D converter
after the GO bit has been set and the ACQT2:ACQTO
bits are set to ‘010’ and selecting a 4 TAD acquisition
time before the conversion starts.

FIGURE 17-3:

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed A/
D conversion sample. This means 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 completed or aborted, a
2 TAD wait is required before the next acquisition can
be started. After this wait, acquisition on the selected
channel is automatically started.

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

Note:

A/D CONVERSION TAaD CYCLES (AcQT1<2:0> =000, TACQ = 0)

ICY—TAD TAD1 TAD2 TAD3 TAD4 A TADS K TAD6 A TAD7 TAD8 . TAD9 ,TAD10=TAD11

Conversion Starts

T b9 b8 b7 b6 b5

Holding capacitor is disconnected from analog input (typically 100 ns)

b3 b2 bl bO

Set GO bit l

Next Q4: ADRESH/ADRESL is loaded, GO bhit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

FIGURE 17-4:

A/D CONVERSION Tab CYCLES (AcQT<2:0> =010, TACQ =4 TAD)

1 2 3

~@— TAcQT Cycles

TaD Cycles |

4 11 2 3 4 5 6 .7 8 9 10 11

A

acquiring input)

— Automatic —m|

Acquisition Conversion Starts
Time (Holding capacitor is disconnected)
Set GO hit i

(Holding capacitor continues

b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Next Q4: ADRESH:ADRESL is loaded, GO bhit is cleared,
ADIF bit is set, holding capacitor is reconnected to analog input.
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REGISTER 19-2: CONFIG2L: CONFIGURATION REGISTER 2 LOW (BYTE ADDRESS 300002h)

uU-0 uU-0 uU-0 uU-0 R/P-1 R/P-1 R/P-1 R/P-1

_ — _ — BORVI | BORVO | BOR®W [PWRTEN®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bitis cleared P = Programmable bit
bit 7-4 Unimplemented: Read as ‘0’
bit 3-2 BORV<1:0>: Brown-out Reset Voltage bits

11 = Reserved
10 = VBOR setto 2.7V
01 = VBOR set to 4.2V
00 = VBOR set to 4.5V
bit 1 BOR: Brown-out Reset Enable bit(®)
1 = Brown-out Reset enabled
0 = Brown-out Reset disabled
bit 0 PWRTEN: Power-up Timer Enable bit(D)

1 = PWRT disabled
0 = PWRT enabled

Note 1: The Power-up Timer is decoupled from Brown-out Reset, allowing these features to be independently
controlled.
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REGISTER 19-4: CONFIG3H: CONFIGURATION REGISTER 3 HIGH (BYTE ADDRESS 300005h)

R/P-1 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 u-0

MCLRE = = = === =
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bitis cleared P = Programmable bit
bit 7 MCLRE: MCLR Pin Enable bit

1 = MCLR pin enabled, RA5 input pin disabled
0 = RA5 input pin enabled, MCLR disabled

bit 6-0 Unimplemented: Read as ‘0’

REGISTER 19-5: CONFIG4L: CONFIGURATION REGISTER 4 LOW (BYTE ADDRESS 300006h)

R/P-1 U-0 U-0 U-0 U-0 R/P-1 U-0 R/P-1

DEBUG — — — — | wp | — | s
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit
bit 7 DEBUG: Background Debugger Enable bit (see note)

1 = Background debugger disabled, RB6 and RB7 configured as general purpose 1/O pins
0 = Background debugger enabled, RB6 and RB7 are dedicated to In-Circuit Debug

bit 6-3 Unimplemented: Read as ‘0’
bit 2 LVP: Low-Voltage ICSP Enable bit

1 = Low-Voltage ICSP enabled
0 = Low-Voltage ICSP disabled

bit 1 Unimplemented: Read as ‘0’
bit 0 STVR: Stack Full/Underflow Reset Enable bit

1 = Stack full/underflow will cause Reset
0 = Stack full/underflow will not cause Reset

Note:  The Timerl oscillator shares the T10SI and T10SO pins with the PGD and PGC pins used for
programming and debugging.

When using the Timer1 oscillator, In-Circuit Serial Programming (ICSP) may not function correctly (high
voltage or low voltage), or the In-Circuit Debugger (ICD) may not communicate with the controller. As a
result of using either ICSP or ICD, the Timerl crystal may be damaged.

If ICSP or ICD operations are required, the crystal should be disconnected from the circuit (disconnect
either lead) or installed after programming. The oscillator loading capacitors may remain in-circuit during
ICSP or ICD operation.

© 2002-2015 Microchip Technology Inc. DS30009605G-page 169



PIC18F1220/1320

19.4.2 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
oscillator mode, such as OST or PLL timer). The
INTOSC multiplexer provides the system clock until the
primary clock source becomes ready (similar to a Two-
Speed Start-up). The clock system 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
during start-up. In this case, operation is clocked by the
INTOSC multiplexer. The OSCCON register will remain
in its Reset state until a power managed mode is
entered.

Entering a power managed mode by loading the
OSCCON register and executing a SLEEP instruction
will clear the Fail-Safe condition. When the Fail-Safe
condition is cleared, the clock monitor will resume
monitoring the peripheral clock.

19.4.3 FSCM INTERRUPTS IN POWER

MANAGED MODES

As previously mentioned, entering a power managed
mode clears the Fail-Safe condition. By entering a
power managed mode, the clock multiplexer selects
the clock source selected by the OSCCON register.
Fail-Safe monitoring of the power managed clock
source resumes in the power managed mode.

If an oscillator failure occurs during power managed
operation, the subsequent events depend on whether
or not the oscillator failure interrupt is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTOSC multiplexer. An automatic transition
back to the failed clock source will not occur.

If the interrupt is disabled, the device will not exit the
power managed mode on oscillator failure. Instead, the
device will continue to operate as before, but clocked
by the INTOSC multiplexer. While in Idle mode, subse-
quent interrupts will cause the CPU to begin executing
instructions while being clocked by the INTOSC multi-
plexer. The device will not transition to a different clock
source until the Fail-Safe condition is cleared.

FIGURE 19-4: FSCM TIMING DIAGRAM
Sample Clock m
System : | : . Oscillator : :
Clock ! X : Vg ' Failure : :
ouput __ [T LI LI LT LTI . . .
CM Output ) : ' I ' !
Q) %J ! U - —
: . ! ! : Failure ,
) ' ! ' ! Detected ’;7
OSCFIF i X ' ' !
' CM Test CM Test ' CM Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in
this example have been chosen for clarity.

© 2002-2015 Microchip Technology Inc.

DS30009605G-page 177



PIC18F1220/1320

20.2 Instruction Set

ADDLW ADD literal to W ADDWF ADD W to f
Syntax: [label] ADDLW  k Syntax: [label ] ADDWF  f[,d [,a]]
Operands: 0<k<255 Operands: 0<f<255
Operation: W) +k >W de[0,1]
a e [0,1]
Status Affected: N, OV, C,DC, Z )
. Operation: (W) + (f) > dest
Encoding: ‘ 0000 | 1111 ‘ kkkk | kkkk ‘
L Status Affected: N, OV, C, DC, Z
Description: The contents of W are added to the ]
8-bit literal 'k’ and the result is Encoding: ‘ 0010 | 01da ‘ FEfe | FEfe ‘
placed in W. Description: Add W to register ‘f'. If ‘d’ is ‘0", the
Words: 1 result !s stored in W. .If ‘d’ i; ‘1’, the
. result is stored back in register ‘f’
Cycles: 1 (default). If ‘a’ is ‘0", the Access
Q Cycle Activity: Bank will be selected. If ‘a’ is ‘1,
Q1 Q2 Q3 Q4 the BSR is used.
Decode Read Process Write to W Words: 1
literal 'k’ Data .
Cycles: 1
Example: ADDLW  0x15 Q Cycle Activity:
Before Instruction Q1 Q2 Q3 Q4
_ Decode Read Process Write to
W= 0x10 register ‘f’ Data destination
After Instruction
W = 0x25 Example: ADDWF REG, W

Before Instruction

w = 0x17

REG = 0xC2
After Instruction

w = 0xD9

REG = 0xC2
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ANDWF AND W with f
Syntax: [label] ANDWF  f[,d[.a]]
Operands: 0<f<255
d e [0,1]
a e[0,1]
Operation: (W) .AND. (f) —» dest
Status Affected: N, Z
Encoding: ‘ 0001 | 0lda ‘ ffff | ffff ‘
Description: The contents of W are AND’ed with
register ‘', 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. If ‘a’ is ‘1’, the BSR will
not be overridden (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: ANDWF REG W
Before Instruction
w = 0x17
REG =  0xC2
After Instruction
w = 0x02
REG = 0xC2

BC Branch if Carry
Syntax: [label] BC n
Operands: -128 <n <127
Operation: if Carry bit is ‘1’
(PC)+2+2n—>PC
Status Affected:  None
Encoding: ‘ 1110 | 0010 ‘ nnnn | nnnn ‘
Description: If the Carry bit is ‘1’, then the
program will branch.
The 2’s complement number ‘2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then
a 2-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process | Write to PC
‘n Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BC JUWP
Before Instruction
PC address ( HERE)
After Instruction
If Carry = 1
PC = address (JUWP)
If Carry = 0
PC = address (HERE + 2)
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RESET Reset
Syntax: [label] RESET
Operands: None
Operation: Reset all registers and flags that
are affected by a MCLR Reset.
Status Affected:  All
Encoding: ‘ 0000 | 0000 ‘ 1111 | 1111 ‘
Description: This instruction provides a way to
execute a MCLR Reset in software.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Start No No
Reset operation operation
Example: RESET
After Instruction
Registers =  Reset Value
Flags* = ResetValue

RCALL Relative Call
Syntax: [label] RCALL n
Operands: -1024 <n <1023
Operation: (PC)+2 > TOS,
(PC)+2+2n— PC
Status Affected:  None
Encoding: ‘ 1101 | 1lnnn ‘ nnnn | nnnn ‘
Description: Subroutine call with a jump up to 1K
from the current location. First,
return address (PC + 2) is pushed
onto the stack. Then, add the 2's
complement number ‘2n’ to the PC.
Since the PC will have incremented
to fetch the next instruction, the new
address will be PC + 2 + 2n. This
instruction is a 2-cycle instruction.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
‘n Data
Push PC to
stack
No No No No
operation operation operation operation
Example: HERE RCALL Jump

Before Instruction

PC =

Address ( HERE)

After Instruction

PC =
TOS =

Address (Junp)
Address (HERE + 2)
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RLNCF Rotate Left f (no carry) RRCF Rotate Right f through Carry
Syntax: [label] RLNCF f[,d[,a]] Syntax: [label] RRCF f[,d[,a]]
Operands: 0<f<255 Operands: 0<f<255
d e [0,1] d e [0,1]
a e [0,1] ae[0,1]
Operation: (f<n>) — dest<n + 1>, Operation: (f<n>) — dest<n — 1>,
(f<7>) — dest<0> (f<0>) » C,
Status Affected: N, Z (C) — dest<7>
Encoding: ‘ 0100 | 0lda ‘ FEEE | FEEE ‘ Status Affected:  C, N, Z
Description: The contents of register ‘f’ are Encoding: ‘ 0011 | 00da ‘ FEfe | FEfe ‘
rotated one bit to the left. If ‘d’ is ‘0’, Description: The contents of register ‘" are
the result is placed in W. If ‘'d" is ‘1, rotated one bit to the right through
the result is stored back in register the Carry flag. If ‘d’ is ‘0, the result
‘f” (default). If ‘a’ is ‘0", the Access is placed in W. If ‘d’ is ‘1’, the result
Bank will be selected, overriding is placed back in register ‘f’
the BSR value. If ‘a’ is ‘1’, then the (default). If ‘a’ is ‘0’, the Access
bank will be selected as per the Bank will be selected, overriding
BSR value (default). the BSR value. If ‘a’is ‘1’, then the
: bank will be selected as per the
register f
- BSR value (default).
Words: e oo |-
Cycles: 1
. Words: 1
Q Cycle Activity:
o1 Q2 03 04 Cycles: 1
Decode Read Process Write to Q Cycle Activity:
register ‘f’ Data destination Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: RLNCF  REG register ‘f Data destination
Before Instruction
REG = 1010 1011 Example: RRCF REG W
After Instruction Before Instruction
REG = 0101 0111 REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
W = 0111 0011
C = 0
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SLEEP Enter Sleep mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1 T0,
0—->PD
Status Affected: ~ TO, PD
Encoding: | 0000 | 0000 | 0000 | o011 |
Description: The Power-down Status bit (PD)
is cleared. The Time-out status bit
(TO) is set. The Watchdog Timer
and its postscaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
o = 2
PD = 2
After Instruction
TO = 1+t
PD = O

T If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with borrow
Syntax: [label] SUBFWB f[,d[,a]]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (W) = (f) = (C) - dest
Status Affected: N, OV, C,DC, Z
Encoding: ‘ 0101 | 0lda | fiff ‘ fiff |
Description: Subtract register ‘' and Carry flag
(borrow) from W (2's complement
method). If ‘d’ is ‘0, the result is
stored in W. If ‘d’ is ‘17, the result is
stored in register ‘f’ (default). If ‘a’ is
‘0", the Access Bank will be
selected, overriding the BSR value.
If ‘a’is ‘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 1: SUBFVB REG
Before Instruction
REG = 0x03
W = 0x02
C =  0x01
After Instruction
REG = OxFF
W = 0x02
C = 0x00
z = 0x00
N = 0x01 ; result is negative
Example 2: SUBFWB REG 0, O
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
W = 3
C = 1
z = 0
N = 0 ; result is positive
Example 3: SUBFWB REG 1, O
Before Instruction
REG = 1
W = 2
C = 0
After Instruction
REG = 0
W = 2
C = 1
z = 1 ; result is zero
N = 0
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FIGURE 23-19: MAXIMUM IpD vs. VDD (-40°C TO +125°C), 125 kHz TO 8 MHz RC_IDLE MODE,
ALL PERIPHERALS DISABLED
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FIGURE 23-20: TYPICAL AND MAXIMUM IpD vs. VDD (-40°C TO +125°C), 31.25 kHz RC_IDLE MODE,

ALL PERIPHERALS DISABLED
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FIGURE 23-21: IPD SEC_RUN MODE, -10°C TO +70°C, 32.768 kHz XTAL, 2 x 22 pF,
ALL PERIPHERALS DISABLED

80

Typical: statistical mean @ 25°C

70 Maximum: mean + 3c (-40°C to +125°C)
Minimum: mean — 3o (-40°C to +125°C) /
60

Max (+70°C)

/Typ (+25°C)

50

IPD (pA)
5
\

30

. _—
e

10

0

5 3.0 3.5 4.0 4.5 5.0 5.5
VDD (V)

2.

FIGURE 23-22: IPD SEC_IDLE MODE, -10°C TO +70°C, 32.768 kHz, 2 x 22 pF,
ALL PERIPHERALS DISABLED
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FIGURE 23-27: VoL vs. loL OVER TEMPERATURE (-40°C TO +125°C), VDD = 5.0V
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FIGURE 23-28: AlPD TIMER1 OSCILLATOR, -10°C TO +70°C SLEEP MODE,
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APPENDIX A: REVISION HISTORY

Revision A (August 2002)
Original data sheet for PIC18F1220/1320 devices.

Revision B (November 2002)

This revision includes significant changes to
Section 2.0, Section 3.0 and Section 19.0, as well as
updates to the Electrical Specifications in Section 22.0
and includes minor corrections to the data sheet text.
Revision C (May 2004)

This revision includes updates to the Electrical Specifi-
cations in Section 22.0, the DC and AC Characteristics
Graphs and Tables in Section 23.0 and includes minor
corrections to the data sheet text.

Revision D (October 2006)

This revision includes updates to the packaging
diagrams.

Revision E (January 2007)

This revision includes updates to the packaging
diagrams.

Revision F (February 2007)

This revision includes updates to the packaging
diagrams.

TABLE B-1: DEVICE DIFFERENCES

Revision G (April 2015)

Added Section 22.5: High Temperature Operation in
the Electrical Specifications section.

APPENDIX B:

DEVICE
DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table B-1.

Features PIC18F1220 PIC18F1320
Program Memory (Bytes) 4096 8192
Program Memory (Instructions) 2048 4096
Interrupt Sources 15 15
1/0 Ports Ports A, B Ports A, B
Enhanced Capture/Compare/PWM Modules 1 1
10-bit Analog-to-Digital Module 7 input channels 7 input channels
18-pin SDIP 18-pin SDIP
packages 18-pin SOIC 18-pin SOIC
9 20-pin SSOP 20-pin SSOP
28-pin QFN 28-pin QFN
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