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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

48MHz

I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
17

8KB (4K x 16)

FLASH

256 x 8

256 x 8

2.3V ~ 5.5V

A/D 12x10b

Internal

-40°C ~ 125°C (TA)

Through Hole
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20-PDIP
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PIC18(L)F1XK22

TABLE 1: 20-PIN ALLOCATION TABLE (PIC18(L)F1XK22)
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RAO 19 16 ANO C1IN+ VREF-/ — — — — — IOC/INTO | Y PGD
CVREF(DAC10UT)
RA1 18 15 AN1 | C12INO- VREF+ — — — — — IOC/INT1 | Y PGC
RA2 17 14 AN2 | C10UT — — — — SRQ | TOCKI IOC/INT2 | Y —
RA3 4 1 — — — — — — — — I0C Y MCLR/VPP
RA4 3 20 AN3 — — — — — — — 10C Y | 0SC2/CLKOUT
RAS5 2 19 — — — — — — — T13CKI 10C Y | OSC1/CLKIN
RB4 13 10 AN10 — — — — SDI/SDA — — 10C Y —
RB5 12 9 AN11 — — — RX/DT — — — 10C Y —
RB6 1 8 — — — — — SCL/SCK — — 10C Y —
RB7 10 7 — — — — TX/CK — — — I0C Y —
RCO 16 13 AN4 C2IN+ — — — — — — — — —
RC1 15 12 AN5 | C12IN1- — — — — — — — — —
RC2 14 1 ANG6 | C12IN2- — P1D — — — — — — —
RC3 7 4 AN7 | C12IN3- — P1C — — — — — — PGM
RC4 6 3 — C20UT — P1B — — SRNQ — — — —
RC5 5 2 — — — CCP1/P1A — — — — — — —
RC6 8 5 ANS — — — — ss — — — — —
RC7 9 6 AN9 — — — — SDO — — — — —
— 1 18 — — — — — — — — — — VDD
— 20 17 — — — — — — — — — — Vss
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4.4 Erasing Flash Program Memory

The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control, can larger blocks of program memory be
bulk erased. Word erase in the Flash array is not
supported.

When initiating an erase sequence from the
Microcontroller itself, a block of 64 bytes of program
memory is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased. The
TBLPTR<5:0> bits are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

The write initiate sequence for EECON2, shown as
steps 4 through 6 in Section 4.4.1 “Flash Program
Memory Erase Sequence”, is used to guard against
accidental writes. This is sometimes referred to as a
long write.

A long write is necessary for erasing the internal
Flash. Instruction execution is halted during the long
write cycle. The long write is terminated by the internal
programming timer.

EXAMPLE 4-2:

4.4.1 FLASH PROGRAM MEMORY
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory is:

1. Load Table Pointer register with address of
block being erased.

2. Setthe EECON1 register for the erase operation:

» set EEPGD bit to point to program memory;

* clear the CFGS bit to access program memory;

« set WREN bit to enable writes;

« set FREE bit to enable the erase.

Disable interrupts.

Write 55h to EECONZ2.

Write 0AAh to EECON2.

Set the WR bit. This will begin the block erase
cycle.

7. The CPU will stall for duration of the erase
(about 2 ms using internal timer).

8. Re-enable interrupts.

o0k

ERASING A FLASH PROGRAM MEMORY BLOCK

MOVLW  CODE_ADDR_UPPER
MOWE  TBLPTRU
MOVLW  CODE_ADDR_HI GH
MOWAE  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAE  TBLPTRL
ERASE_BLOCK

BSF EECONL, EEPGD
BCF EECONL, CFGS
BSF EECONL, WAREN
BSF EECON1, FREE

BCF INTCON, G E
Requi r ed MOVLW  55h
Sequence MOVWF  EECON2
MOVLW  OAAh

MOVW  EECON2
BSF EECON1, WR
BSF INTCON, G E

; load TBLPTR with the base
address of the menory bl ock

; point to Flash program nmenory
; access Flash program nmenory

; enable wite to nmenory

; enabl e block Erase operation
; disable interrupts

write 55h
; Wwite 0AAh

; start erase (CPU stall)
; re-enable interrupts

DS40001365F-page 50
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8.2 PORTB, TRISB and LATB
Registers

PORTB is an 4-bit wide, bidirectional port. The
corresponding data direction register is TRISB. Setting
a TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., disable the output driver). Clearing a
TRISB bit (= 0) will make the corresponding PORTB
pin an output (i.e., enable the output driver and put the
contents of the output latch on the selected pin).

The PORTB Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

EXAMPLE 8-2:
CLRF  PORTB

INITIALIZING PORTB

Initialize PORTB by
cl eari ng out put

; data latches

; Alternate nethod

CLRF LATB
; to clear output
; data latches
MOVLW  OFOh ; Value used to

initialize data
direction

MOVWF  TRI SB Set RB<7:4> as outputs

All PORTB pins are individually configurable as
interrupt-on-change pins. Control bits in the IOCB
register enable (when set) or disable (when clear) the
interrupt function for each pin.

When set, the RABIE bit of the INTCON register
enables interrupts on all pins which also have their
corresponding IOCB bit set. When clear, the RABIE
bit disables all interrupt-on-changes.

Only pins configured as inputs can cause this interrupt
to occur (i.e., any pin configured as an output is
excluded from the interrupt-on-change comparison).

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTB. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTB Change Interrupt flag
bit (RABIF) in the INTCON register.

This interrupt can wake the device from the Sleep
mode, or any of the Idle modes. The user, in the
Interrupt Service Routine, can clear the interrupt in the
following manner:

a) Any read or write of PORTB to clear the
mismatch condition (except when PORTB is the
source or destination of a MOVFF instruction).

b) Clear the flag bit, RABIF.

A mismatch condition will continue to set the RABIF flag
bit. Reading or writing PORTB will end the mismatch
condition and allow the RABIF bit to be cleared. The latch
holding the last read value is not affected by a MCLR nor
Brown-out Reset. After either one of these Resets, the
RABIF flag will continue to be set if a mismatch s present.

Note:  If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RABIF
interrupt flag may not get set. Furthermore,
since a read or write on a port affects all
bits of that port, care must be taken when
using multiple pins in Interrupt-on-Change
mode. Changes on one pin may not be
seen while servicing changes on another
pin.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

All PORTB pins have individually controlled weak
internal pull-up. When set, each bit of the WPUB
register enables the corresponding pin pull-up. When
cleared, the RABPU bit of the INTCON2 register
enables pull-ups on all pins which also have their
corresponding WPUB bit set. When set, the RABPU bit
disables all weak pull-ups. The weak pull-up is
automatically turned off when the port pin is configured
as an output. The pull-ups are disabled on a Power-on
Reset.

Note: On a Power-on Reset, RB<5:4> are
configured as analog inputs by default and
read as ‘0.

© 2009-2016 Microchip Technology Inc.
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TABLE 8-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
ANSEL ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 247
ANSELH — — — — ANS11 | ANS10 | ANS9 ANS8 247
CCP1CON P1M1 P1MO DC1B1 DC1B0O |CCP1M3|CCP1M2|CCP1M1| CCP1MO 246
ECCP1AS |ECCPASE| ECCPAS2 |ECCPAS1| ECCPASO | PSSAC1 | PSSACO | PSSBD1 | PSSBDO 246
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RABIE | TMROIF | INTOIF RABIF 244
INTCON2 RABPU | INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RABIP 244
INTCON3 INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF 244
LATC LATC7 LATC6 LATC5 LATC4 LATC3 | LATC2 | LATCH1 LATCO 247
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 247
PSTRCON — — — STRSYNC | STRD STRC STRB STRA 246
VREFCON1| D1EN D1LPS | DAC10E D1PSS1 | D1PSS0 D1NSS 246
SLRCON — — — — — SLRC SLRB SLRA 247
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO 245
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 247
T1CON RD16 T1RUN |T1CKPS1 | T1ICKPSO [T1OSCEN| T1SYNC | TMR1CS | TMR10ON 245
T3CON RD16 — T3CKPS1 | T3CKPS0 | T3CCP1 | T3SYNC | TMR3CS | TMR3ON 246

© 2009-2016 Microchip Technology Inc.
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8.4 Port Analog Control

Some port pins are multiplexed with analog functions
such as the Analog-to-Digital Converter and
comparators. When these 1/O pins are to be used as
analog inputs it is necessary to disable the digital input
buffer to avoid excessive current caused by improper
biasing of the digital input. Individual control of the
digital input buffers on pins which share analog
functions is provided by the ANSEL and ANSELH

REGISTER 8-14:

registers. Setting an ANSx bit high will disable the
associated digital input buffer and cause all reads of
that pin to return ‘0’ while allowing analog functions of
that pin to operate correctly.

The state of the ANSx bits has no affect on digital
output functions. A pin with the associated TRISx bit
clear and ANSx bit set will still operate as a digital
output but the Input mode will be analog.

ANSEL: ANALOG SELECT REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

ANS7: RC3 Analog Select Control bit
1 = Digital input buffer of RC3 is disabled
0 = Digital input buffer of RC3 is enabled
ANS6: RC2 Analog Select Control bit
1 = Digital input buffer of RC2 is disabled
0 = Digital input buffer of RC2 is enabled
ANS5: RC1 Analog Select Control bit

1 = Digital input buffer of RC1 is disabled
0 = Digital input buffer of RC1 is enabled

ANS4: RCO Analog Select Control bit
1 = Digital input buffer of RCO is disabled
0 = Digital input buffer of RCO is enabled
ANS3: RA4 Analog Select Control bit
1 = Digital input buffer of RA4 is disabled
0 = Digital input buffer of RA4 is enabled
ANS2: RA2 Analog Select Control bit

1 = Digital input buffer of RA2 is disabled
0 = Digital input buffer of RA2 is enabled

ANS1: RA1 Analog Select Control bit

1 = Digital input buffer of RA1 is disabled
0 = Digital input buffer of RA1 is enabled

ANSO: RAO Analog Select Control bit

1 = Digital input buffer of RAO is disabled
0 = Digital input buffer of RAQ is enabled

DS40001365F-page 88
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Note 1: The auto-shutdown condition is a
level-based signal, not an edge-based
signal. As long as the level is present, the
auto-shutdown will persist.

2: Writing to the ECCPASE bit is disabled
while an auto-shutdown condition
persists.

3: Once the auto-shutdown condition has
been removed and the PWM restarted
(either through firmware or auto-restart)
the PWM signal will always restart at the
beginning of the next PWM period.

4: Prior to an auto-shutdown event caused
by a comparator output or INT pin event,
a software shutdown can be triggered in
firmware by setting the CCPxASE bit to a
‘1’. The Auto-Restart feature tracks the
active status of a shutdown caused by a
comparator output or INT pin event only,
so if it is enabled at this time, it will
immediately clear this bit and restart the
ECCP module at the beginning of the
next PWM period.

FIGURE 13-12: PWM AUTO-SHUTDOWN WITH FIRMWARE RESTART (PRSEN = 0)

- PWM Period >

]

ECCPASE bit |
PWM Activity ] , *
T T<—Norma| PWM—»T T T ECCPASE T

Cleared by
Start of Shutdown Shutdown Firmware PWM
PWM Period Event Occurs Event Clears Resumes

Shutdown Event

© 2009-2016 Microchip Technology Inc. DS40001365F-page 119



PIC18(L)F1XK22

1°C SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 14-11:
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14.3.4.5  Clock Synchronization and

the CKP bit

When the CKP bit is cleared, the SCL output is forced
to ‘0’. However, clearing the CKP bit will not assert the
SCL output low until the SCL output is already
sampled low. Therefore, the CKP bit will not assert the
SCL line until an external 12C master device has
already asserted the SCL line. The SCL output will
remain low until the CKP bit is set and all other
devices on the IC bus have deasserted SCL. This
ensures that a write to the CKP bit will not violate the
minimum high time requirement for SCL (see
Figure 14-12).

FIGURE 14-12: CLOCK SYNCHRONIZATION TIMING
Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1]|Q2|Q3|Q4|Q1[{Q2|Q3[(Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4
| | i I I : L I : I I
SDA | | px, | | | | | >< | Dx—1 |
y . , | ) | ) C ) \
| | ] | i 0 | A |
| | o | S | o |
scL . L . L e I
| | ] | \ | /f [ /‘Q—f
I
| | o | ' S | |
| I l | Master device } | ? | I
CKP | | |’\ ,  asserts clock L« | I | |
| f I —)) 1 *
| | I | | Master device J | : | |
| | | | | deasserts clock | I | |
WR /—\ ' [ )
SSPCON1 | | | L« | . |
I | b | | | | |
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14.3.17.1 Bus Collision During a Start

Condition
During a Start condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the Start condition (Figure 14-26).

b) SCL is sampled low before SDA is asserted low
(Figure 14-27).

During a Start condition, both the SDA and the SCL
pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:

« the Start condition is aborted,
» the BCLIF flag is set and

« the MSSP module is reset to its Idle state
(Figure 14-26).

The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded and counts down. If the
SCL pin is sampled low while SDA is high, a bus
collision occurs because it is assumed that another
master is attempting to drive a data ‘1’ during the Start
condition.

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 14-28). If, however, a ‘1’ is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to O; if the SCL pin is sampled as ‘0’
during this time, a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.

Note: The reason that bus collision is not a
factor during a Start condition is that no
two bus masters can assert a Start
condition at the exact same time.
Therefore, one master will always assert
SDA before the other. This condition does
not cause a bus collision because the two
masters must be allowed to arbitrate the
first address following the Start condition.
If the address is the same, arbitration
must be allowed to continue into the data
portion, Repeated Start or Stop
conditions.

FIGURE 14-26: BUS COLLISION DURING START CONDITION (SDA ONLY)
SDA goes low before the SEN bit is set.
Set BCLIF,
S bit and SSPIF set because
SDA=0,SCL =1.
SDA \ AN
SCL .
Set SEN, enable Start —1 : SEN cleared automatically because of bus collision.
condition if SDA=1,SCL=1 | SSP module reset into Idle state.
SEN |
SDA sampled low before I
Start condition. Set BCLIF. v
S bit and SSPIF set because
BCLIF SDA=0,SCL=1.
| t_ SSPIF and BCLIF are
| cleared by software
S
SSPIF

L

SSPIF and BCLIF are
cleared by software

© 2009-2016 Microchip Technology Inc.
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FIGURE 14-27: BUS COLLISION DURING START CONDITION (SCL = 0)

SDA=0,SCL=1

l+— TBRG —*¢— TBrRG —

SDA N

_—— e — = — o

sCL Set SEN, enable Start N
sequence if SDA=1,SCL=1 >

v t scL=obefore sDA =0,

SEN bus collision occurs. Set BCLIF.

SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCLIF.

BCLIF | _
T_ Interrupt cleared
by software
s o 0
SSPIF O o

FIGURE 14-28: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION

SDA=0,SCL=1
l SetS i Set SSPIF
Less than TBRG —':

SDA  SDA pulled low by other master. | \I\ |
Reset BRG and assert SDA. I

I
| : |
T\
I 1
! |
|
|

1 SCL pulled low after BRG

SEN | time-out
Set SEN, enable START
sequence if SDA=1,SCL=1
BCLIF ) . o
| |
| |
| |
S |
|
|
SSPIF 1 —
SDA=0,SCL=1, Interrupts cleared
set SSPIF — by software
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REGISTER 16-2: ADCON1: A/D CONTROL REGISTER 1

U-0 U-0 U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — PVCFG1 PVCFGO NVCFG1 NVCFGO
bit 7 bit 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
bit 7-4 Unimplemented: Read as ‘0’
bit 3-2 PVCFG<1:0>: Positive Voltage Reference select bit

00 = Positive voltage reference supplied internally by VDD.
01 = Positive voltage reference supplied externally through VREF+ pin.
10 = Positive voltage reference supplied internally through FVR.
11 = Reserved.
bit 1-0 NVCFG<1:0>: Negative Voltage Reference select bit
00 = Negative voltage reference supplied internally by Vss.
01 = Negative voltage reference supplied externally through VREF- pin.
10 = Reserved.
11 = Reserved.

DS40001365F-page 204 © 2009-2016 Microchip Technology Inc.
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23.0 SPECIAL FEATURES OF
THE CPU

PIC18(L)F1XK22 devices include several features
intended to maximize reliability and minimize cost through
elimination of external components. These are:

» Oscillator Selection
* Resets:
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
 Interrupts
» Watchdog Timer (WDT)
» Code Protection
+ ID Locations
* In-Circuit Serial Programming™
The oscillator can be configured for the application
depending on frequency, power, accuracy and cost. All
of the options are discussed in detail in Section 2.0
“Oscillator Module”.

A complete discussion of device Resets and interrupts
is available in previous sections of this data sheet.

In addition to their Power-up and Oscillator Start-up
Timers provided for Resets, PIC18(L)F1XK22 devices
have a Watchdog Timer, which is either permanently
enabled via the Configuration bits or software controlled
(if configured as disabled).

The inclusion of an internal RC oscillator also provides
the additional benefits of a Fail-Safe Clock Monitor
(FSCM) and Two-Speed Start-up. FSCM provides for
background monitoring of the peripheral clock and
automatic switchover in the event of its failure. Two-
Speed Start-up enables code to be executed almost
immediately on start-up, while the primary clock source
completes its start-up delays.

All of these features are enabled and configured by
setting the appropriate Configuration register bits.

© 2009-2016 Microchip Technology Inc. DS40001365F-page 249
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MOVFF Move f to f MOVLB Move literal to low nibble in BSR
Syntax: MOVFF f4,f4 Syntax: MOVLB k
Operands: 0 <fg3 <4095 Operands: 0<k<255
0<fq <4095 Operation: k - BSR
Operation: (fs) = Tq Status Affected: None
Status Affected:  None Encoding: [ 0000 | 0001 [ 0000 | kkkk |
Encoding: Description: The 8-bit literal 'k’ is loaded into the
1st word (source) 1100 ffff ffff fiffg Bank Select Register (BSR). The value
2nd word (destin.) 1111 ffff ffff fiffy of BSR<7:4> always remains ‘0’
Description: The contents of source register fg’ are regardless of the value of k7:ky.
moved to destination register fy'. Words: 1
Location of source ‘fg’ can be anywhere '
in the 4096-byte data space (000h to Cycles: 1
FFFh) and location of destination ‘fy’ Q Cycle Activity:
can also be anywhere from 000h to
FEFh. Q1 Q2 Q3 . Q4.'
Either source or destination can be W Decode . Reac(l , Process \{Vf'te literal
(a useful special situation). literal 'k Data k' to BSR
MOVFF is particularly useful for
transferring a data memory location to a Example: MOVLB 5
peripheral register (such as the transmit Before Instruction
buffer or an 1/0O port). BSR Reaister =  02h
The MOVFF instruction cannot use the After Inst ?g|s er =
PCL, TOSU, TOSH or TOSL as the er B”SS}{“RC on o5h
destination register. egister =
Words: 2
Cycles: 2(3)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
(src)
Decode No No Write
operation operation register f’
No dummy (dest)
read
Example: MOVFF REGL, REG2
Before Instruction
REG1 = 33h
REG2 = 11h
After Instruction
REG1 = 33h
REG2 = 33h
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MOVLW Move literal to W MOVWF Move W to f

Syntax: MOVLW k Syntax: MOVWF  f{,a}

Operands: 0<k<255 Operands: 0<f<255

Operation: k—> W ae[0.1]

Status Affected: None Operation: (W)~ f

Encoding: | 0000 [ 1110 | kkkk | kkkk | Status Affected:  None

Description: The 8-bit literal 'k’ is loaded into W. Encoding: | 0110 ‘ 111a ‘ ffef | fref |

Words: 1 Description: Move.data from W to register.‘f'.
Location ‘' can be anywhere in the

Cycles: 1 256-byte bank.

Q Cycle Activity: If ‘@’ is ‘0’, the Access Bank is selected.

If ‘a’is ‘1’, the BSR is used to select the

o Q2 Qs _Q4 GPR bank (default).
Decode . Read Process Write to W If ‘a’ is ‘0’ and the extended instruction
literal 'k’ Data set is enabled, this instruction operates
in Indexed Literal Offset Addressing
Example: MOVLW 5Ah mode whenever f <95 (5Fh). See

Section 24.2.3 “Byte-Oriented and

After Instruction Bit-Oriented Instructions in Indexed

w = 5Ah Literal Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f Data register ‘f’
Example: MOVWF REG O
Before Instruction
w = 4Fh
REG = FFh
After Instruction
w = 4Fh
REG = 4Fh
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24.2.2 EXTENDED INSTRUCTION SET
ADDFSR Add Literal to FSR
Syntax: ADDFSR f, k
Operands: 0<k<63
fel[0,1,2]
Operation: FSR(f) + k > FSR(f)
Status Affected: None
Encoding: | 1110 [1000 [ffkk | kkkk
Description: The 6-bit literal 'k’ is added to the
contents of the FSR specified by .
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
literal 'k’ Data FSR
Example: ADDFSR 2, 23h

Before Instruction

FSR2

After Instruction

FSR2

03FFh

0422h

ADDULNK Add Literal to FSR2 and Return
Syntax: ADDULNK k
Operands: 0<k<63
Operation: FSR2 + k - FSR2,
(TOS) > PC
Status Affected: None
Encoding: |1120 [1000 |11kk [kkkk |
Description: The 6-bit literal 'k’ is added to the
contents of FSR2. A RETURN is then
executed by loading the PC with the
TOS.
The instruction takes two cycles to
execute; a NOP is performed during
the second cycle.
This may be thought of as a special
case of the ADDFSR instruction,
where f = 3 (binary ‘11’); it operates
only on FSR2.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
literal 'k’ Data FSR
No No No No
Operation Operation Operation Operation
Example: ADDULNK 23h
Before Instruction
FSR2 = 03FFh
PC = 0100h
After Instruction
FSR2 = 0422h
PC = (TOS)

Note:  All PIC18 instructions may take an optional label argument preceding the instruction mnemonic for use in
symbolic addressing. If a label is used, the instruction syntax then becomes: {label} instruction argument(s).
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ADD W to Indexed Bit Set Indexed
ADDWF (Indexed Literal Offset mode) BSF (Indexed Literal Offset mode)
Syntax: ADDWF  [Kk]{,d} Syntax: BSF [Kk], b
Operands: 0<k<95 Operands: 0<f<95
d € [0,1] 0<b<7
Operation: (W) + ((FSR2) + k) — dest Operation: 1 - ((FSR2) + k)<b>
Status Affected: N, OV, C,DC, zZ Status Affected: None
Encoding: | 0010 | 01d0 | kkkk | kkkk | Encoding: | 1000 | bbbo | Kkkk [ kkkk |
Description: The contents of W are added to the Description: Bit ‘b’ of the register indicated by FSR2,
contents of the register indicated by offset by the value ‘K’, is set.
FSR2, offset by the value k. Words: 1
If ‘d’ is ‘0’, the result is stored in W. If ‘d’ '
is ‘1°, the result is stored back in Cycles: 1
register ‘f’ (default). Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read Process Write to
Q Cycle Activity: register ‘f Data destination
Q Q2 Q3 Q4 Example: BSF  [FLAG OFST], 7
Decode Read ‘K’ Process Write to .
Dat destination Before Instruction
aa estinatio FLAG_OFST = 0Ah
FSR2 = 0A0Oh
Example: ADDWF [OFST], O Contents
. of 0AOAh = 55h
Before Instruction )
After Instruction
w = 17h Contents
OFST = 2Ch of 0AOAh = D5h
FSR2 = 0AOQOh
Contents
of 0A2Ch = 20h
After Instruction
w = 37h
Contents SETF Set Indexepl
of 0A2Ch = 20h (Indexed Literal Offset mode)
Syntax: SETF [K]
Operands: 0<k<95
Operation: FFh — ((FSR2) + k)
Status Affected: None
Encoding: ‘ 0110 | 1000 ‘ kkkk | kkkk ‘
Description: The contents of the register indicated by
FSR2, offset by ‘k’, are set to FFh.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read ‘k’ Process Write
Data register
Example: SETF [ OFST]
Before Instruction
OFST = 2Ch
FSR2 = 0AO0Oh
Contents
of 0A2Ch = 00h
After Instruction
Contents
of 0A2Ch = FFh
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TABLE 26-10: MEMORY PROGRAMMING REQUIREMENTS

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Pe;\:(a;m. Sym. Characteristic Min. Typ.T Max. Units Conditions
Internal Program Memory
Programming Specifications(l)
D110 VPP Voltage on MCLR/VPP/RA3 pin 8 — 9 \Y (Note 3, Note 4)
D113 IDDP Supply Current during Programming — — 10 mA
Data EEPROM Memory®
D120 ED Byte Endurance 100K — — E/W |-40°C to +85°C
D121 VDRW | VDD for Read/Write VDDMIN — VDDMAX \% Using EECON to read/write
D122 ToeEw | Erase/Write Cycle Time — 3 4 ms
D123 TRETD | Characteristic Retention — 40 — Year | Provided no other
specifications are violated
D124 TREF Number of Total Erase/Write Cycles ™M 10M — E/W |-40°C to +85°C
before Refresh(®
D130 Program Flash Memory
Ep Cell Endurance 10k — — E/W | Temperature during program-
ming: 10°C < TA <40°C
D131 VPR VDD for Read VDDMIN — VDDMAX \Y
D131A Voltage on MCLR/VPP during 8.0 — 9.0 v | Temperature during program-
Erase/Program ming: 10°C < TA<40°C
D131B | VBE VDD for Bulk Erase 2.7 — VDDMAX \Y Temperature during program-
ming: 10°C < TA<40°C
D132 VPEW | VDD for Write or Row Erase 2.2 — VVDDMAX \% PIC18LF1XK22
VDDMIN — VDDMAX PIC18F1XK22
D132A | IPPPGM | Current on MCLR/VPP during — 1.0 — mA | Temperature during program-
Erase/Write ming: 10°C < TA <40°C
D132B | IbbPGM | Current on VDD during Erase/Write — 50 — mA | Temperature during program-
ming: 10°C < TA <40°C
D133 TPEW | Erase/Write cycle time — 2.0 2.8 ms | Temperature during program-
ming: 10°C < TA <40°C
D134 TRETD | Characteristic Retention — 40 — Year |Provided no other
specifications are violated

Note 1:

2:
3:
4

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.

These specifications are for programming the on-chip program memory through the use of table write instructions.
Refer to Section 5.8 “Using the Data EEPROM” for a more detailed discussion on data EEPROM endurance.
Required only if single-supply programming is disabled.

The MPLAB ICD 2 does not support variable VPP output. Circuitry to limit the ICD 2 VPP voltage must be placed
between the ICD 2 and target system when programming or debugging with the ICD 2.
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FIGURE 26-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

35
VDD /
: (C
R d ))
MCLR ; ' '
' <30 —,
Internal , .
POR . SS
33— : ((
PWRT . : ))
Time-out ' 32 . \
(- f ((
0OSsC ' ' ) )
Start-Up Time X
; ((
— ))
Internal Reset
. : : ((
Watchdog Timer ; . ) )
Reset® X ' 51
—='34 - 31A __.34:__
1/0 pins / )

Note 1: Asserted low.

FIGURE 26-11: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

VBOR and VHYST

' (Device not in Brown-out Reset)

TBORREJ —' = .
' < 37 -

Reset : —
: . 33(1) I—

(due to BOR)

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programmed to ‘0’. 2 ms delay if PWRTE = 0.
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27.0 DC AND AC CHARACTERISTICS GRAPHS AND CHARTS

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD
range). This is for information only and devices are ensured to operate properly only within the specified range.

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “MAXIMUM”, “Max.”, “MINIMUM” or “Min.”
represents (mean + 3c) or (mean - 3c) respectively, where o is a standard deviation, over each
temperature range.
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Package Marking Information (Continued)

20-Lead SOIC (7.50 mm) Example

ININININIRINININIE] ININININIRININEIE]

XOOOXKXXXXXXXX PIC18F14K22
XOXOXXXXXXKXXX E/SO@3
XXXKXKXXXXKXKX R\ 0910017
O R\ YYWWNNN o

IRININIRIRIRINIRIAI INININRIRIRINRN

20-Lead QFN (4x4x0.9 mm) Example

XXXXXX EML @
YWWN N N 910017

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
e3 Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

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