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PIC18(L)F2X/4XK22

TABLE 1-3: PIC18(L)F4XK22 PINOUT 1I/O DESCRIPTIONS (CONTINUED)
Pin Number Pin Name Pin Buiffer Description
PDIP | TQFP | QFN | UQFN Type | Type
10 27 27 25 RE2/CCP5/AN7
RE2 lfe} ST | Digital I/O.
CCP5 1/0 ST Capture 5 input/Compare 5 output/PWM 5 output
AN7 | Analog | Analog input 7.
1 18 18 16 | RE3/VPP/IMCLR
RE3 | ST Digital input.
VPP P Programming voltage input.
MCLR | ST | Active-low Master Clear (device Reset) input.
11,32 | 7,28 7,8, 7,26 VDD P — Positive supply for logic and 1/O pins.
28, 29
12,31 | 6,29 6,30, 6, 27 Vss P — Ground reference for logic and 1/O pins.
31
12,13, 13 NC
33,34
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 pin assignment for P2B, T3CKI, CCP3/P3A and CCP2/P2A when Configuration bits PB2MX, T3CMX, CCP3MX
and CCP2MX are set.

2: Alternate pin assignment for P2B, T3CKI, CCP3/P3A and CCP2/P2A when Configuration bits PB2MX, T3CMX,
CCP3MX and CCP2MX are clear.
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PIC18(L)F2X/4XK22

254 EXTERNAL RC MODES

The external Resistor-Capacitor (RC) modes support
the use of an external RC circuit. This allows the
designer maximum flexibility in frequency choice while
keeping costs to a minimum when clock accuracy is not
required. There are two modes: RC and RCIO.

2541 RC Mode

In RC mode, the RC circuit connects to OSC1. OSC2/
CLKOUT outputs the RC oscillator frequency divided
by four. This signal may be used to provide a clock for
external circuitry, synchronization, calibration, test or
other application requirements. Figure 2-8 shows the
external RC mode connections.

FIGURE 2-8: EXTERNAL RC MODES
VDD PIC® MCU
REXT
OSC1/CLKIN Internal
l 1 Clock
CEXT:I:
Vss = N
Foscl4 or <— 0SC2/CLKOUT®
/0@

Recommended values: 10 kQ < REXT <100 kQ
CEXT > 20 pF

Note 1: Alternate pin functions are listed in
Section 1.0 “Device Overview”.
2:  Output depends upon RC or RCIO clock mode.

25472 RCIO Mode

In RCIO mode, the RC circuit is connected to OSC1.
OSC2 becomes a general purpose I/O pin.

The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) values
and the operating temperature. Other factors affecting
the oscillator frequency are:

* input threshold voltage variation
« component tolerances
» packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.

2.6 Internal Clock Modes

The oscillator module has three independent, internal
oscillators that can be configured or selected as the
system clock source.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
16 MHz. The frequency of the HFINTOSC can
be user-adjusted via software using the
OSCTUNE register (Register 2-3).

2. The MFINTOSC (Medium-Frequency Internal
Oscillator) is factory calibrated and operates
at 500 kHz. The frequency of the MFINTOSC
can be user-adjusted via software using the
OSCTUNE register (Register 2-3).

3. The LFINTOSC (Low-Frequency Internal
Oscillator) is factory calibrated and operates at
31.25kHz. The LFINTOSC cannot be user-
adjusted, but is designed to be stable over
temperature and voltage.

The system clock speed can be selected via software
using the Internal Oscillator Frequency select bits
IRCF<2:0> of the OSCCON register.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS<1:0>) bits of the OSCCON register. See
Section 2.11 “Clock Switching” for more information.

2.6.1 INTOSC WITH I/O OR CLOCKOUT

Two of the clock modes selectable with the FOSC<3:0>
bits of the CONFIG1H Configuration register configure
the internal oscillator block as the primary oscillator.
Mode selection determines whether the OSC2/
CLKOUT pin will be configured as general purpose 1/O
or Fosc/4 (CLKOUT). In both modes, the OSC1/CLKIN
pin is configured as general purpose /0. See
Section 24.0 “ Special Features of the CPU” for more
information.

The CLKOUT signal may be used to provide a clock for
external circuitry, synchronization, calibration, test or
other application requirements.
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FIGURE 6-2:

TABLE WRITE OPERATION

Instruction: TBLWI'*

Program Memory

Holding Registers

Table Pointer(®)

TBLPTRU | TBLPTRH : TBLPTRL
- AK_—

Program Memory

(TBLPTR<MSBs>) SR

Table Latch (8-bit)
’ TABLAT

Note 1: During table writes the Table Pointer does not point directly to Program Memory. The LSBs of TBLPRTL
actually point to an address within the write block holding registers. The MSBs of the Table Pointer deter-
mine where the write block will eventually be written. The process for writing the holding registers to the
program memory array is discussed in Section 6.6 “Writing to Flash Program Memory”.

6.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWI instructions. These include the:

« EECONL1 register
« EECONZ2 register
* TABLAT register

e TBLPTR registers

6.2.1 EECON1 AND EECON2 REGISTERS

The EECON1 register (Register 6-1) is the control
register for memory accesses. The EECON2 register is
not a physical register; it is used exclusively in the
memory write and erase sequences. Reading
EECON2 will read all ‘0’s.

The EEPGD control bit determines if the access will be
a program or data EEPROM memory access. When
EEPGD is clear, any subsequent operations will
operate on the data EEPROM memory. When EEPGD
is set, any subsequent operations will operate on the
program memory.

The CFGS control bit determines if the access will be
to the Configuration/Calibration registers or to program
memory/data EEPROM memory. When CFGS is set,
subsequent operations will operate on Configuration
registers regardless of EEPGD (see Section 24.0
“Special Features of the CPU”). When CFGS is clear,
memory selection access is determined by EEPGD.

The FREE bit allows the program memory erase
operation. When FREE is set, an erase operation is
initiated on the next WR command. When FREE is
clear, only writes are enabled.

The WREN bit, when set, will allow a write operation.
The WREN bit is clear on power-up.

The WRERR bit is set by hardware when the WR bit is
set and cleared when the internal programming timer
expires and the write operation is complete.

Note: During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset, or a write operation was

attempted improperly.

The WR control bit initiates write operations. The WR
bit cannot be cleared, only set, by firmware. Then WR
bit is cleared by hardware at the completion of the write
operation.

Note:  The EEIF interrupt flag bit of the PIR2
register is set when the write is complete.
The EEIF flag stays set until cleared by

firmware.

© 2010-2016 Microchip Technology Inc.
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EXAMPLE 6-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)
DECFSZ COUNTER loop until holding registers are full
BRA WRI TE_WORD_TO_HREGS
PROGRAM_MEMORY
BSF EECON1, EEPCD point to Flash program nmenory
BCF EECON1, CFGS access Fl ash program nenory
BSF EECON1, WREN enable wite to nmenory
BCF INTCON, G E di sable interrupts
MOVLW  55h
Requi r ed MOVWF  EECON2 wite 55h
Sequence MOVLW  O0AAh
MOVWF  EECON2 write OAAh
BSF EECON1, WR start program (CPU stall)
DCFSZ  COUNTER2 repeat for renmmining wite bl ocks
BRA WRI TE_BYTE_TO_HREGS
BSF INTCON, G E re-enable interrupts
BCF EECON1, WREN di sable wite to nenory
6.6.2 WRITE VERIFY 6.6.4 PROTECTION AGAINST

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

6.6.3 UNEXPECTED TERMINATION OF

WRITE OPERATION

If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and
reprogrammed if needed. If the write operation is
interrupted by a MCLR Reset or a WDT Time-out Reset
during normal operation, the WRERR bit will be set
which the user can check to decide whether a rewrite
of the location(s) is needed.

SPURIOUS WRITES

To protect against spurious writes to Flash program
memory, the write initiate sequence must also be
followed. See Section 24.0 “Special Features of the
CPU” for more detail.

6.7 Flash Program Operation During

Code Protection

See Section 24.5 “Program Verification and Code
Protection” for details on code protection of Flash
program memory.

TABLE 6-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values on
page
TBLPTRU — — Program Memory Table Pointer Upper Byte (TBLPTR<21:16>) —
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) —
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) —
TABLAT Program Memory Table Latch —
INTCON | GIE/GIEH | PEIE/GIEL [TMROIE| INTOIE | RBIE | TMROIF | INTOIF RBIF 109
EECON2 EEPROM Control Register 2 (not a physical register) —
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD 92
IPR2 OSCFIP C1IP c2IP EEIP BCL1IP HLVDIP TMR3IP CCP2IP 122
PIR2 OSCFIF C1IF C2IF EEIF BCL1IF HLVDIF TMR3IF CCP2IF 113
PIE2 OSCFIE C1IE C2IE EEIE BCL1IE HLVDIE TMR3IE CCP2IE 118
Legend: — =unimplemented, read as ‘0’. Shaded bits are not used during Flash/EEPROM access.
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TABLE 9-1: REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 EﬁgF',Z;eé
ANSELB — — ANSB5 ANSB4 | ANSB3 | ANSB2 ANSB1 ANSBO 150
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
INTCON2 RBPU INTEDGO | INTEDGL1 [ INTEDG2 — TMROIP — RBIP 110
INTCON3 INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF 111
10CB 10CB7 10CB6 10CB5 I0CB4 — — — — 153
IPR1 — ADIP RC1IP TX1IP | SSP1IP | CCP1IP TMR2IP TMR1IP 121
IPR2 OSCFIP C1lIP C2IP EEIP BCL1IP | HLVDIP TMRS3IP CCP2IP 122
IPR3 SSP2IP BCL2IP RC2IP TX2IP [CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
IPR4 — — — — — CCP5IP CCP4IP CCP3IP 124
IPR5 — — — — — TMRG6IP TMRSIP TMR4IP 124
PIE1 — ADIE RC1IE TX1IE | SSPlIE | CCPlIE TMR2IE TMR1IE 117
PIE2 OSCFIE Cl1IE C2IE EEIE BCL1IE | HLVDIE TMR3IE CCP2IE 118
PIE3 SSP2IE BCL2IE RC2IE TX2IE |CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIE4 — — — — — CCP5IE CCP4IE CCP3IE 120
PIE5 — — — — — TMR6IE | TMRSIE TMRA4IE 120
PIR1 — ADIF RC1IF TX1IF SSP1IF | CCP1IF TMR2IF TMR1IF 112
PIR2 OSCFIF C1IF C2IF EEIF BCL1IF | HLVDIF TMR3IF CCP2IF 113
PIR3 SSP2IF BCL2IF RC2IF TX2IF |CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PIR4 — — — — — CCP5IF CCP4IF CCP3IF 115
PIR5 — — — — — TMR6IF TMRSIF TMRA4IF 116
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 148
RCON IPEN | SBOREN — RI TO PD POR BOR 56
Legend: — =unimplemented locations, read as ‘0. Shaded bits are not used for Interrupts.
TABLE 9-2: CONFIGURATION REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Srfg;z;eé
CONFIG3H | MCLRE — P2BMX | T3CMX | HFOFST | CCP3MX | PBADEN | CCP2MX 348
CONFIGAL | DEBUG | XINST — — — LVP — STRVEN | 349
Legend: — =unimplemented locations, read as ‘0’. Shaded bits are not used for Interrupts.
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15.4 1°C Mode Operation

All MSSPx 12C communication is byte oriented and
shifted out MSb first. Six SFR registers and 2 interrupt
flags interface the module with the PIC microcontroller
and user software. Two pins, SDAx and SCLx, are
exercised by the module to communicate with other
external I1°C devices.

15.4.1 BYTE FORMAT

All communication in 12C is done in 9-bit segments. A
byte is sent from a master to a slave or vice-versa,
followed by an Acknowledge bit sent back. After the
8th falling edge of the SCLx line, the device outputting
data on the SDAXx changes that pin to an input and
reads in an acknowledge value on the next clock
pulse.

The clock signal, SCLx, is provided by the master.
Data is valid to change while the SCLx signal is low,
and sampled on the rising edge of the clock. Changes
on the SDAX line while the SCLx line is high define
special conditions on the bus, explained below.

15.4.2 DEFINITION OF 1°C TERMINOLOGY

There is language and terminology in the description
of I°C communication that have definitions specific to
I2C. That word usage is defined below and may be
used in the rest of this document without explanation.
This table was adapted from the Phillips I°C
specification.

15.4.3 SDAx AND SCLx PINS

Selection of any 12C mode with the SSPXEN bit set,
forces the SCLx and SDAx pins to be open-drain.
These pins should be set by the user to inputs by
setting the appropriate TRIS bits.

Note: Data is tied to output zero when an 12c
mode is enabled.

15.4.4 SDAx HOLD TIME

The hold time of the SDAXx pin is selected by the
SDAHT bit of the SSPxCON3 register. Hold time is the
time SDAX is held valid after the falling edge of SCLx.
Setting the SDAHT bit selects a longer 300 ns mini-
mum hold time and may help on buses with large
capacitance.

TABLE 15-1:

I2C BUS TERMS

TERM

Description

Transmitter

The device which shifts data out
onto the bus.

Receiver The device which shifts data in
from the bus.

Master The device that initiates a transfer,
generates clock signals and termi-
nates a transfer.

Slave The device addressed by the mas-
ter.

Multi-master A bus with more than one device
that can initiate data transfers.

Arbitration Procedure to ensure that only one

master at a time controls the bus.
Winning arbitration ensures that
the message is not corrupted.

Synchronization

Procedure to synchronize the
clocks of two or more devices on
the bus.

Idle No master is controlling the bus,
and both SDAx and SCLx lines are
high.

Active Any time one or more master
devices are controlling the bus.

Addressed Slave device that has received a

Slave matching address and is actively
being clocked by a master.

Matching Address byte that is clocked into a

Address slave that matches the value

stored in SSPxADD.

Write Request

Slave receives a matching
address with R/W bit clear, and is
ready to clock in data.

Read Request

Master sends an address byte with
the R/W bit set, indicating that it
wishes to clock data out of the
Slave. This data is the next and all
following bytes until a Restart or
Stop.

Clock Stretching

When a device on the bus holds
SCLx low to stall communication.

Bus Collision

Any time the SDAX line is sampled
low by the module while it is out-
putting and expected high state.

© 2010-2016 Microchip Technology Inc.
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FIGURE 15-15: I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 1, AHEN = 0, DHEN = 0)

Receive Address Receive Data Receive Data
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SCLx

SSPxIF

Bus Master sends
Stop condition

ACK ,_l_,

Cleared by software

e

: T—:—Cleared by software

L SSPxIF set on 9th
! falling edge of SCLx

. —L |

, . First byte : '

' t t  of datais ' X

' SSPxBUF is read ' available X )

: j : . in SSPXBUF oo

SSPXOV : j ; ! .
' ' ! ' SSPXOV set because X

l l : : SSPXBUF s still full. .

' X ' X ACK is not sent. |

CKP . . , , :

s . . . LSCLx is not held
LCKP is written to ‘1’ in software CKP is written to 1 in software,
> ' f low because
releasing SCLx releasing SCLx ACK-1
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15.5.8 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the I2C bus is such that
the first byte after the Start condition usually
determines which device will be the slave addressed
by the master device. The exception is the general call
address which can address all devices. When this
address is used, all devices should, in theory, respond
with an acknowledge.

The general call address is a reserved address in the
12C protocol, defined as address 0x00. When the
GCEN hit of the SSPxCON2 register is set, the slave
module will automatically ACK the reception of this
address regardless of the value stored in SSPxADD.
After the slave clocks in an address of all zeros with the
R/W bit clear, an interrupt is generated and slave soft-
ware can read SSPxBUF and respond. Figure 15-24
shows a general call reception sequence.

FIGURE 15-24:

In 10-bit Address mode, the UA bit will not be set on
the reception of the general call address. The slave
will prepare to receive the second byte as data, just as
it would in 7-bit mode.

If the AHEN bit of the SSPXCON3 register is set, just
as with any other address reception, the slave
hardware will stretch the clock after the 8th falling
edge of SCLx. The slave must then set its ACKDT
value and release the clock with communication
progressing as it would normally.

SLAVE MODE GENERAL CALL ADDRESS SEQUENCE

General Call Address

SDAX T\

i

Address is compared to General Call Address
after ACK, set interrupt

Receiving Data ACK

SCLx

1]

SSPxIF

/ACK/ D7) b6 X D5 X 04 X D3 X D2 X D1 X DO)

o

BF (SSPXSTAT<0>)

.: [
— T

GCEN (SSPXCON2<7>)

I |— Cleared by software
SSPxBUF is read

15.5.9 SSPx MASK REGISTER

An SSPx Mask (SSPxMSK) register (Register 15-6) is
available in 12C Slave mode as a mask for the value
held in the SSPxSR register during an address
comparison operation. A zero (‘0’) bit in the SSPxMSK
register has the effect of making the corresponding bit
of the received address a “don’t care”.

This register is reset to all ‘l’'s upon any Reset
condition and, therefore, has no effect on standard
SSPx operation until written with a mask value.

The SSPx Mask register is active during:

 7-bit Address mode: address compare of A<7:1>.

 10-bit Address mode: address compare of A<7:0>
only. The SSPx mask has no effect during the
reception of the first (high) byte of the address.
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15.7 Baud Rate Generator

The MSSPx module has a Baud Rate Generator
available for clock generation in both 12C and SPI
Master modes. The Baud Rate Generator (BRG)
reload value is placed in the SSPxADD register
(Register 15-7). When a write occurs to SSPxBUF, the
Baud Rate Generator will automatically begin counting
down.

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state.

An internal signal “Reload” in Figure 15-40 triggers the
value from SSPxADD to be loaded into the BRG
counter.

FIGURE 15-40:

This occurs twice for each oscillation of the module
clock line. The logic dictating when the reload signal is
asserted depends on the mode the MSSPx is being
operated in.

Table 15-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPXADD.

EQUATION 15-1: FcLock FORMULA

Fosc

FCLOCK = SSPxADD + 1)(4)

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPxM<3:0> il>{ SSPxADD<7:0>

SSPxM<3:0> _‘/‘ Reload

SCLx—P» Control

Reload

A

SSPxCLK«—‘ BRG Down Counter [<—— Fosc/2

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSPXADD when used as a Baud Rate
Generator for IC. This is an implementation
limitation.

TABLE 15-3: MSSPx CLOCK RATE W/BRG

Fosc Fcy BRG Value 2 Roll('):\(/:éroscgf BRG)
32 MHz 8 MHz 13h 400 kHz®
32 MHz 8 MHz 19h 308 kHz
32 MHz 8 MHz 4Fh 100 kHz
16 MHz 4 MHz 09h 400 kHz®
16 MHz 4 MHz 0Ch 308 kHz
16 MHz 4 MHz 27h 100 kHz
4 MHz 1 MHz 09h 100 kHz

Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.

© 2010-2016 Microchip Technology Inc.
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16.4 EUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit or 16-bit
timer that is dedicated to the support of both the
asynchronous and synchronous EUSART operation.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 bit of the BAUDCONX register selects 16-bit
mode.

The SPBRGHx:SPBRGXx register pair determines the
period of the free running baud rate timer. In
Asynchronous mode the multiplier of the baud rate
period is determined by both the BRGH bit of the
TXSTAX register and the BRG16 bit of the BAUDCONXx
register. In Synchronous mode, the BRGH bit is ignored.

Table 16-3 contains the formulas for determining the
baud rate. Example 16-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
Asynchronous modes have been computed for your
convenience and are shown in Table 16-5. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

Writing a new value to the SPBRGHx, SPBRGXx
register pair causes the BRG timer to be reset (or
cleared). This ensures that the BRG does not wait for a
timer overflow before outputting the new baud rate.

TABLE 16-3: BAUD RATE FORMULAS

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make sure that the receive operation is Idle before
changing the system clock.

EXAMPLE 16-1: CALCULATING BAUD
RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

Fosc

Desred Baud Rate = o SPBRGA + 1)

Solving for SPBRGHx:SPBRGx:

Fosc
Desired Baud Rate
64

16000000
_ 9600
= & 1

1

= [25.042] = 25

16000000

Calculated Baud Rate m

= 9615

Calc. Baud Rate — Desired Baud Rate

Error = Desired Baud Rate

_ (9615 9600) _

o
9600 0.16%

Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH

0 0 0 8-bit/Asynchronous Fosc/[64 (n+1)]
0 0 1 8-bit/Asynchronous

Fosc/[16 (n+1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 X 8-bit/Synchronous Foscl/[4 (n+1)]
1 1 X 16-bit/Synchronous

Legend: x =Don't care, n = value of SPBRGHx, SPBRGX register pair.
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20.0 SR LATCH

The module consists of a single SR latch with multiple
Set and Reset inputs as well as separate latch outputs.
The SR latch module includes the following features:

* Programmable input selection

* SR latch output is available internally/externally
+ Selectable Q and Q output

» Firmware Set and Reset

The SR latch can be used in a variety of analog
applications, including oscillator circuits, one-shot
circuit, hysteretic controllers, and analog timing
applications.

20.1 Latch Operation

The latch is a Set-Reset latch that does not depend on a
clock source. Each of the Set and Reset inputs are
active-high. The latch can be set or reset by:

» Software control (SRPS and SRPR bits)
e Comparator C1 output (sync_C10UT)

» Comparator C2 output (sync_C20UT)

e SRIPin

* Programmable clock (DIVSRCLK)

The SRPS and the SRPR bits of the SRCONO register
may be used to set or reset the SR latch, respectively.
The latch is Reset-dominant. Therefore, if both Set and
Reset inputs are high, the latch will go to the Reset
state. Both the SRPS and SRPR bits are self resetting
which means that a single write to either of the bits is all
that is necessary to complete a latch Set or Reset
operation.

The output from Comparator C1 or C2 can be used as
the Set or Reset inputs of the SR latch. The output of
either Comparator can be synchronized to the Timerl
clock source. See Section 18.0 “Comparator
Module” and Section 12.0 “Timer1/3/5 Module with
Gate Control” for more information.

An external source on the SRI pin can be used as the
Set or Reset inputs of the SR latch.

An internal clock source, DIVSRCLK, is available and it
can periodically set or reset the SR latch. The
SRCLK<2:0> bits in the SRCONO register are used to
select the clock source period. The SRSCKE and
SRRCKE bits of the SRCON1 register enable the clock
source to set or reset the SR latch, respectively.

20.2 Latch QOutput

The SRQEN and SRNQEN bits of the SRCONO register
control the Q and Q latch outputs. Both of the SR latch
outputs may be directly output to I/O pins at the same
time. Control is determined by the state of bits SRQEN
and SRNQEN in the SRCONO register.

The applicable TRIS bit of the corresponding port must
be cleared to enable the port pin output driver.

20.3 DIVSRCLK Clock Generation

The DIVSRCLK clock signal is generated from the
peripheral clock which is pre-scaled by a value
determined by the SRCLK<2:0> bits. See Figure 20-2
and Table 20-1 for additional detail.

20.4 Effects of a Reset

Upon any device Reset, the SR latch is not initialized,
and the SRQ and SRNQ outputs are unknown. The
user’s firmware is responsible to initialize the latch
output before enabling it to the output pins.
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TABLE 25-2: PIC18(L)F2X/4XK22 INSTRUCTION SET (CONTINUED)

16-Bit Instruction Word Status

Mnemonic, _—
Operands Description Cycles VSh Lsb Affected Notes

LITERAL OPERATIONS

ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk [C,DC, Z, 0V, N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk [Z,N
IORLW k Inclusive OR literal with WREG 1 0000 1001 kkkk kkkk |Z,N
LFSR f, k Move literal (12-bit) 2nd word 2 1110 1110 OOff kkkk | None
to FSR(f) 1st word 1111 0000 kkkk kkkk
MOVLB k Move literal to BSR<3:0> 1 0000 0001 0000 kkkk |None
MOVLW k Move literal to WREG 1 0000 1110 kkkk kkkk |None
MULLW k Multiply literal with WREG 1 0000 1101 Kkkkk kkkk | None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk [C,DC, Z, OV, N
XORLW k Exclusive OR literal with WREG 1 0000 1010 kkkk kkkk |Z,N
DATA MEMORY «> PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 | None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 | None
TBLWT* Table Write 2 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 | None

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 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 mem-
ory locations have a valid instruction.
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SUBLW Subtract W from literal
Syntax: SUBLW k
Operands: 0<k<255
Operation: k—(W)->W
Status Affected: N, OV, C,DC, Z
Encoding: ‘ 0000 | 1000 ‘ kkkk ‘ kkkk |
Description W is subtracted from the 8-bit
literal 'k’. The result is placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal 'k’ Data
Example 1: SUBLW 02h
Before Instruction
w = 01h
C = ?
After Instruction
w = 01h
C = 1 ;resultis positive
4 = 0
N = 0
Example 2: SUBLW 02h
Before Instruction
w = 02h
C = ?
After Instruction
w = 00h
C = 1 ; result is zero
V4 = 1
N = 0
Example 3: SUBLW 02h
Before Instruction
w = 03h
C = ?

After Instruction

ZNOS

FFh ; (2's complement)
0 ; result is negative
0
1

SUBWF Subtract W from f
Syntax: SUBWF f{,d{a}}
Operands: 0<f<255

d € [0,1]

a € [0,1]
Operation: (f) = (W) > dest
Status Affected: N, OV, C,DC, Z

Encoding: | o101 | 11da [ fef | ffff |
Description: Subtract W from register ‘f’ (2's
complement method). 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 is
selected. If ‘a’ is ‘1, the BSR is used
to select the GPR bank.
If ‘a’is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever
f <95 (5Fh). See Section 25.2.3
“Byte-Oriented and Bit-Oriented
Instructions in Indexed Literal Offset
Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBWF REG, 1, O
Before Instruction
= 3
w = 2
C = ?
After Instruction
RE = 1
w = 2
C = 1 ;resultis positive
V4 = 0
N = 0
Example 2: SUBWF REG 0, O
Before Instruction
R = 2
w = 2
C = ?
After Instruction
REG = 2
w = 0
C = 1 ; result is zero
V4 = 1
N = 0
Example 3: SUBWF REG, 1, O
Before Instruction
REG = 1
w = 2
C = ?
After Instruction
REG =  FFh ;(2's complement)
w = 2
C = 0 ;resultis negative
V4 = 0
N = 1
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SUBFSR Subtract Literal from FSR SUBULNK  Subtract Literal from FSR2 and Return
Syntax: SUBFSR f, k Syntax: SUBULNK k
Operands: 0<k<63 Operands: 0<k<63
fel[0,1,2] Operation: FSR2 —k - FSR2
Operation: FSR(f) — k > FSRf (TOS) » PC
Status Affected: None Status Affected: None
Encoding: |1110 [1001 [ffkk |[kkkk | Encoding: | 1110 | 1001 [ 11kk | kkkk
Description: The 6-bit literal 'k’ is subtracted from Description: The 6-bit literal 'k’ is subtracted from the
the contents of the FSR specified by contents of the FSR2. A RETURN is then
‘. executed by loading the PC with the TOS.
Words: 1 The instruction takes two cycles to
Cycles: 1 execute; a NOP is performed during the

second cycle.

Q Cycle Activity: This may be thought of as a special case of

Q1 Q2 Q3 Q4 the SUBFSR instruction, where f = 3 (binary
Decode Read Process Write to ‘11’); it operates only on FSR2.
register ‘f’ Data destination Words: 1
Cycles: 2
Example: SUBFSR 2, 23h Q Cycle Activity:
Before Instruction Q1 Q2 Qs Q4
FSR2 = O03FFh Decode Read Process Write to

After Instruction register ‘f Data destination

FSR2 = 03DCh No No No No
Operation Operation Operation Operation

Example: SUBULNK 23h
Before Instruction
FSR2 = O03FFh
PC = 0100h
After Instruction
FSR2 = 03DCh
PC = (TOS)
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27.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (7

Ambient tempPerature UNAET DIBS .........ocuuiiiiiiieiie e e ettt e e sbneeenees -40°C to +125°C
SEOrage tEMPEIALUIE ........eiiiiie ettt e e e e e et e e e s e en e e e e e s snn e e e e e e s enn e e e e e e e e sanneeessnnneeeeenns -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, and MCLR). oottt -0.3V to (VDD + 0.3V)
Voltage on VDD with respect to Vss

PICLBLIF24K22 ...ttt ettt et -0.3V to +4.5V

PIC18(L)F26K22 -0.3V to +6.5V
Voltage on MCLR With reSpect t0 VSS (NOTE 2) ........vuivoveieeeeeeeeeeeeeeeeieseseeeeseeees s s seese s neeee s 0V to +11.0V
Total POWEr diSSIPALION (NOTE L)...eiueeiiiiiee ittt ettt ettt e s e st e e aar e e e arn e e asne e e e sb e e e anne e e s nneeeanreeens 1.0w
Maximum current out 0f VSS Pin (-40°C 0 +85°C) ...uuuiiiiiiiiiiiiieiiiie ettt srte e sb e et e s nntee e sbae e e e 300 mA
Maximum current out of VSS pin (+85°C 10 +125°%C) .....uuuiiiiiiiiiiiiee ittt e e e e e e et be e e e e aneaeeea e 125 mA
Maximum current into VDD PiN (-40°C 10 +85°C)....uiiuiiiiiiiieiiiie i itiie ettt ettt et sttt et b e e e snbb e enae e naeee s 200 mA
Maximum current into VDD PiN (#85°C 10 +125°C) ....viiiiiiiiiiiiiisiiiie sttt e 85 mA
Input clamp current, K (V1 < O OF VI > VDD).....coioirieieiiieieieiesiieieteee st ieiese ettt ssss s esesesess et sssassesesassasesesansessesessasesens +20 mA
Output clamp current, I0K (VO < 0 OF VO 3 VDD) ...ociiiuieieiiiiieieieie ettt ettt se s b sesseseeseseesessesesseseesessesessens +20 mA
Maximum output current sunk by any /O pin...........cccceevneee.
Maximum output current Sourced BY any 1/O PiN.........oooeieiiiieeie e
Maximum current sunk by all Ports (-40°C 10 +85°C) ....uiiuuiiiiiiei ettt ettt e et e e
Maximum current sunk by all ports (+85°C 10 +125°C) .....uuiiiuiiiiiriieiirie ittt
Maximum current sourced by all ports (-40°C 10 +85°C)....cciuuiiiiiiiiiiiiii e ettt e et e e e e st sneas

Maximum current sourced by all ports (+85°C to +125°C)

Note 1: Power dissipation is calculated as follows:
Pdis = VDD x {IDD — ¥, I0H} + X {(VDD — VOH) x loH} + > (VoL x loL)

2: Voltage spikes below Vss at the MCLR/VPP/RES pin, inducing currents greater than 80 mA, may cause
latch-up. Thus, a series resistor of 50-100Q should be used when applying a “low” level to the MCLR/VPp/
RES3 pin, rather than pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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27.6 DC Characteristics: Primary Idle Supply Current, PIC18(L)F2X/4XK22

PIC18LF2X/4XK22

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA £ +125°C

PIC18F2X/4XK22

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C

Pi{jm Device Characteristics | Typ | Max |Units Conditions

D100 | Supply Current (Iop)?®  [0.030[0.050| mA [-40°C to +125°C| Vbp=1.8V |Fosc=1MHz

D101 0.045]0.065| mA |-40°Cto +125°C| vop=3.0v |(PRIIDLE mode,
ECM source)

D102 0.06 | 0.12 | mA |-40°Cto +125°C| VDD =2.3V |Fosc=1MHz

D103 008 | 0.15 | mA |-40°C to +125°C| vop=3.0v |(PRLIDLE mode,
ECM source)

D104 0.13 | 0.20 | mA |-40°Cto +125°C| VDD =5.0V

D105 0.45 | 0.8 mA |[-40°Cto +125°C| VbpD=1.8V |Fosc =20 MHz

D106 070 | 1.0 | mA [-40°Cto +125°C| vop=3.0v |(PRIIDLE mode,
ECH source)

D107 055 | 0.8 mA |[-40°C to +125°C| VDD =2.3V |Fosc =20 MHz

D108 075 | 1.0 | mA [-40°Cto +125°C| vop=3.0v |(PRI_IDLE mode,
ECH source)

D109 0.90 | 1.2 | mA |-40°Cto +125°C| VDD =5.0V

D110 225 | 3.0 mA |-40°Cto +125°C| VDD =3.0V |Fosc =64 MHz
(PRI_IDLE mode,
ECH source)

D111 225 | 3.0 mA |-40°Cto +125°C| VDD =3.0V |Fosc =64 MHz

D112 260 | 35 | mA |-40°Cto+125°C| vop=5.0v |(PRI_IDLE mode,
ECH source)

D113 0.35 | 0.6 mA |[-40°Cto +125°C| VDbD=1.8V |Fosc=4 MHz

D114 055 | 0.8 | mA |-40°Cto +125°C| vpp=3.0v |16MHzInternal
(PRI_IDLE mode,
ECM + PLL source)

D115 0.45 | 0.6 mA |[-40°C to +125°C| VDD =2.3V |Fosc =4 MHz

D116 0.60 | 0.9 | mA |-40°Cto +125°C| vpp=3.0v |16 MHz Internal
(PRI_IDLE mode,

D117 0.70 1.0 mA |-40°C to +125°C VDD = 5.0V ECM + PLL source)

D118 2.2 3.0 mA |[-40°C to +125°C| VDD =3.0V |Fosc =16 MHz
64 MHz Internal
(PRI_IDLE mode,
ECH + PLL source)

D119 2.2 3.0 mA |[-40°C to +125°C| VDD =3.0V |Fosc =16 MHz

D120 25 | 35 | mA |-40°Cto+125°C| Vop=5.0v |84MHzInternal
(PRI_IDLE mode,
ECH + PLL source)

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

Test condition: All Peripheral Module Control bits in PMDO, PMD1 and PMD2 set to ‘1'.
2: The test conditions for all IDD measurements in active operation mode are:

All /O pins set as outputs driven to Vss;
MCLR = VDD;
OSC1 = external square wave, from rail-to-rail (PRI_RUN and PRI_IDLE only).
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27.7 DC Characteristics: Secondary Oscillator Supply Current, PIC18(L)F2X/4XK22

S s L e e
R T T e b R
Pilrjm Device Characteristics | Typ | Max |Units Conditions
D130 | Supply Current (Ioo)P®@ [ 35 | 23 | pA -40°C VDD = 1.8V |Fosc = 32 kHz
37 25 LA +25°C (SEC_RUN mode,
SOSC source)
3.8 — pA +60°C
4.0 28 pA +85°C
5.1 30 pA +125°C
D131 6.2 26 pA -40°C VDD = 3.0V
6.4 30 pA +25°C
6.5 — pA +60°C
6.8 35 pA +85°C
7.8 40 pA +125°C
D132 15 35 pA -40°C VDD = 2.3V | Fosc = 32 kHz
16 35 WA +25°C (SEC_RUN mode,
SOSC source)
17 35 pA +85°C
19 50 pA +125°C
D133 18 50 pA -40°C VDD = 3.0V
19 50 pA +25°C
21 50 pA +85°C
22 60 pA +125°C
D134 19 55 pA -40°C VDD = 5.0V
20 55 pA +25°C
22 55 pA +85°C
23 70 pA +125°C

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

Test condition: All Peripheral Module Control bits in PMDO, PMD1 and PMD2 set to ‘1'.
2: The test conditions for all IDD measurements in active operation mode are:
All I/O pins set as outputs driven to Vss;
MCLR = VDD;
SOSCI/ SOSCO = complementary external square wave, from rail-to-rail.
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27.9 Memory Programming Requirements

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +125°C
Pilrsm Sym Characteristic Min Typt Max | Units Conditions
Internal Program Memory
Programming Specifications(l)
D170 |vep Voltage on MCLR/VPP pin 8 — 9 V | (Note 3), (Note 4)
D171 |Ibopp | Supply Current during — — 10 mA
Programming
Data EEPROM Memory
D172 |ED Byte Endurance 100K — — E/W |-40°C to +85°C
D173 |VDRw |VDD for Read/Write VVDDMIN — VDDMAX | V| Using EECON to read/
write
D175 |Toew |Erase/Write Cycle Time — 3 4 ms
D176 |TReTD |Characteristic Retention — 40 — Year | Provided no other
specifications are violated
D177 |TrRer |Number of Total Erase/Write M 10M — E/W |-40°C to +85°C
Cycles before Refresh®
Program Flash Memory
D178 |Ep Cell Endurance 10K — — E/W |-40°C to +85°C (Note 5)
D179 |VPR VDD for Read VDDMIN — VDDMAX | V
D181 |Viw VDD for Row Erase or Write 2.2 — VDDMAX | V PIC18LF24K22
D182 |viw VDDMIN — VDDMAX | V| PIC18(L)F26K22
D183 |Tiw Self-timed Write Cycle Time — 2 — ms
D184 |TrReTD |Characteristic Retention — 40 — Year | Provided no other
specifications are violated

1t Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: These specifications are for programming the on-chip program memory through the use of table write

instructions.

2: Refer to Section 7.8 “Using the Data EEPROM” for a more detailed discussion on data EEPROM
endurance.

3. Required only if single-supply programming is disabled.

4: The MPLAB ICD 2 does not support variable VpPp output. Circuitry to limit the MPLAB ICD 2 VPP voltage must
be placed between the MPLAB ICD 2 and target system when programming or debugging with the MPLAB
ICD 2.

5:  Self-write and Block Erase.
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FIGURE 28-60: PIC18LF2X/4XK22 TYPICAL Ipp: PRI_IDLE EC MEDIUM POWER
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FIGURE 28-61: PIC18LF2X/4XK22 MAXIMUM Ipp: PRI_IDLE EC MEDIUM POWER
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FIGURE 28-90: PIC18(L)F2X/4XK22 COMPARATOR OFFSET VOLTAGE,
LOW-POWER MODE; VDD=5.5V
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FIGURE 28-91: PIC18(L)F2X/4XK22 COMPARATOR OFFSET VOLTAGE,
LOW-POWER MODE; VDD=3.0V
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