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PIC18(L)F2X/4XK22

TABLE 1-2: PIC18(L)F2XK22 PINOUT 1I/O DESCRIPTIONS
Pin Number '
PDIP, | QFN, Pin Name Tl;lg?e Efl_l;/fgzr Description
SOIC | UQFN
2 27 | RAO/C12INO-/ANO
RAO 110 TTL | Digital I/O.
C12INO- | Analog | Comparators C1 and C2 inverting input.
ANO | Analog | Analog input O.
3 28 | RA1/C12IN1-/AN1
RA1 110 TTL | Digital I/O.
C12IN1- | Analog | Comparators C1 and C2 inverting input.
AN1 | Analog | Analog input 1.
4 1 RA2/C2IN+/AN2/DACOUT/VREF-
RA2 lfe} TTL | Digital I/O.
C2IN+ | Analog | Comparator C2 non-inverting input.
AN2 | Analog | Analog input 2.
DACOUT O | Analog | DAC Reference output.
VREF- | Analog | A/D reference voltage (low) input.
5 2 RA3/C1IN+/AN3/VREF+
RA3 lfe} TTL | Digital I/O.
C1IN+ | Analog | Comparator C1 non-inverting input.
AN3 | Analog | Analog input 3.
VREF+ | Analog | A/D reference voltage (high) input.
6 3 RA4/CCP5/C10UT/SRQ/TOCKI
RA4 110 ST Digital I/O.
CCP5 /0 ST Capture 5 input/Compare 5 output/PWM 5 output.
C1louT (6] CMOS | Comparator C1 output.
SRQ (0] TTL SR latch Q output.
TOCKI | ST Timer0 external clock input.
7 4 RA5/C20UT/SRNQ/SS1/HLVDIN/AN4
RA5 lfe} TTL | Digital I/O.
C20UT (0] CMOS | Comparator C2 output.
SRNQ o) TTL |SR latch Q output.
Ss1 I TTL | SPI slave select input (MSSP).
HLVDIN | Analog | High/Low-Voltage Detect input.
AN4 | Analog | Analog input 4.
10 7 RA6/CLKO/OSC2
RA6 lfe} TTL | Digital I/O.
CLKO O In RC mode, OSC2 pin outputs CLKOUT which has
1/4 the frequency of OSC1 and denotes the instruction
cycle rate.
0SsC2 O Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output; ST = Schmitt Trigger input with CMOS levels;
I = Input; O = Output; P = Power.
Note 1: Default pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are set.
2:  Alternate pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and

CCP2MX are clear.
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PIC18(L)F2X/4XK22

253 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 2-6). The mode selects a low,
medium or high gain setting of the internal inverter-
amplifier to support various resonator types and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is best suited
to drive resonators with a low drive level specification, for
example, tuning fork type crystals.

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification.

HS Oscillator mode offers a Medium Power (MP) and a
High Power (HP) option selectable by the FOSC<3:0>
bits. The MP selections are best suited for oscillator
frequencies between 4 MHz and 16 MHz. The HP
selection has the highest gain setting of the internal
inverter-amplifier and is best suited for frequencies
above 16 MHz. HS mode is best suited for resonators
that require a high drive setting.

FIGURE 2-6: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L OSC1/CLKIN
I
C1
Quartz
Crystal
c2 Rs® 0SC2/CLKOUT
Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3: For oscillator design assistance, refer to the
following Microchip Application Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

» AN849, “Basic PIC® Oscillator Design”
(DS00849)

» AN943, “Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, “Making Your Oscillator Work”
(DS00949)

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

FIGURE 2-7:

PIC® MCU

OSC1/CLKIN

OSC2/CLKOUT

Rs®

Ceramic
Resonator

Note 1: A series resistor (Rs) may be required for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

3: An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.
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TABLE 4-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation
BOREN1 | BORENO | (RCON<6>)
0 0 Unavailable | BOR disabled; must be enabled by reprogramming the Configuration bits.
0 1 Available BOR enabled by software; operation controlled by SBOREN.
1 0 Unavailable |BOR enabled by hardware in Run and Idle modes, disabled during Sleep mode.
1 1 Unavailable | BOR enabled by hardware; must be disabled by reprogramming the Configuration bits.

4.6 Device Reset Timers

PIC18(L)F2X/4XK22 devices incorporate three
separate on-chip timers that help regulate the Power-
on Reset process. Their main function is to ensure that
the device clock is stable before code is executed.
These timers are:

» Power-up Timer (PWRT)
 Oscillator Start-up Timer (OST)
e PLL Lock Time-out

46.1 POWER-UP TIMER (PWRT)

The Power-up Timer (PWRT) of PIC18(L)F2X/4XK22
devices is an 11-bit counter which uses the
LFINTOSC source as the clock input. This yields an
approximate time interval of 2048 x 32 us = 65.6 ms.
While the PWRT is counting, the device is held in
Reset.

The power-up time delay depends on the LFINTOSC
clock and will vary from chip-to-chip due to temperature
and process variation.

The PWRT is enabled by clearing the PWRTEN
Configuration bit.

4.6.2 OSCILLATOR START-UP TIMER
(OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal
oscillator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset, or on exit from all
power-managed modes that stop the external oscillator.

4.6.3 PLL LOCK TIME-OUT

With the PLL enabled, the time-out sequence following a
Power-on Reset is slightly different from other oscillator
modes. A separate timer is used to provide a fixed time-
out that is sufficient for the PLL to lock to the main
oscillator frequency. This PLL lock time-out (TPLL) is
typically 2 ms and follows the oscillator start-up time-out.

4.6.4 TIME-OUT SEQUENCE
On power-up, the time-out sequence is as follows:

1. Afterthe POR pulse has cleared, PWRT time-out
is invoked (if enabled).

2. Then, the OST is activated.

The total time-out will vary based on oscillator
configuration and the status of the PWRT. Figure 4-3,
Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 4-3 through 4-6 also
apply to devices operating in XT or LP modes. For
devices in RC mode and with the PWRT disabled, on
the other hand, there will be no time-out at all.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire, after
which, bringing MCLR high will allow program
execution to begin immediately (Figure 4-5). This is
useful for testing purposes or to synchronize more than
one PIC® MCU device operating in parallel.
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Example 8-3 shows the sequence to do a 16 x 16
unsigned multiplication. Equation 8-1 shows the
algorithm that is used. The 32-bit result is stored in four
registers (RES<3:0>).

EQUATION 8-1: 16 x 16 UNSIGNED
MULTIPLICATION
ALGORITHM

RES3:RES0 = ARGIH:ARGIL ¢ ARG2H:ARG2L

= (ARGIH e ARG2H o 2!'%) +
(ARGIH e ARG2L # 28) +
(ARGIL o ARG2H o 28) +
(ARGIL » ARG2L)

EXAMPLE 8-3: 16 x 16 UNSIGNED
MULTIPLY ROUTINE
MOVF  ARGIL, W

MULW  ARG2L ; ARGIL * ARG2L->
;  PRODH: PRODL

MOVFF  PRODH, RES1 ;
MOVFF  PRODL, RESO ;

MOVF ARGLH, W

MJULW  ARG2H ; ARGLH * AR&H- >
; PRODH: PRODL
MOVFF  PRODH, RES3 ;
MOVFF  PRODL, RES2 ;

MOVF ARGLL, W

MULWF  ARG2H ; ARGLL * ARGRH >
;  PRODH: PRODL

MOVF PRODL, W ;

ADDW  RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWC RES2, F ;

CLRF WREG ;

ADDWC RES3, F ;

MOVF ARGLH, W ;

MULWF  ARGRL ; ARGLH * AR®RL- >
;  PRODH: PRODL

MOVF PRODL, W ;

ADDW RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWFC RES2, F ;

CLRF VWREG ;
ADDWC RES3, F ;

Example 8-4 shows the sequence to do a 16 x 16
signed multiply. Equation 8-2 shows the algorithm
used. The 32-bit result is stored in four registers
(RES<3:0>). To account for the sign bits of the argu-
ments, the MSb for each argument pair is tested and
the appropriate subtractions are done.

EQUATION 8-2: 16 x 16 SIGNED
MULTIPLICATION
ALGORITHM

RES3:RESO = ARGIH:ARGIL ¢ ARG2H:ARG2L

= (ARGIH o ARG2H o 216) +
(ARGIH e ARG2L e 2%) +
(ARGIL o ARG2H e 28) +
(ARGIL » ARG2L) +
(-1 « ARG2H<7> ¢ ARGIH:ARGIL o 2!6) +
(-1 « ARGIH<7> « ARG2H:ARG2L o 219)

EXAMPLE 8-4: 16 x 16 SIGNED

MULTIPLY ROUTINE

MOVF ARGIL, W
MULWF  ARG2L ; ARGIL * ARG2L ->
;  PRODH: PRODL
MOVFF  PRODH, RES1

MOVFF  PRODL, RESO ;

MOVF ARGLH, W
MILW  ARG2H ; ARGIH * ARG2H ->
;  PRODH: PRODL
MOVFF  PRODH, RES3

MOVFF  PRODL, RES2

MOVF ARGIL, W
MULW  ARG2H ARGIL * ARGH ->

;  PRODH: PRODL

MOVF PRODL, W ;

ADDW RES1, F ; Add cross
MOVF PRODH, W ; products
ADDWFC RES2, F ;

CLRF WREG ;

ADDWC RES3, F ;

MOVF ARGIH, W

MULWF  ARG2L ARGIH * ARGL ->

;  PRODH: PRODL
MOVF PRODL, W
ADDW  RES1, F ; Add cross
MOVF PRODH, W ; products
ADDWC RES2, F ;
CLRF WREG

ADDWC RES3, F ;

BTFSS AR&H, 7 ; ARGH: ARGL neg?

BRA SI GN_ARGL ; no, check ARGL
MOVF ARGLL, W
SUBWF  RES2 ;
MOVF ARGLH, W ;
SUBWB RES3
S| GN_ARGL
BTFSS ARGLH, 7 ; ARGLH: ARGLL neg?
BRA CONT_CODE ; no, done
MOVF ARRL, W ;
SUBWF  RES2 ;
MOVF ARRH, W
SUBWFB RES3

CONT_CODE
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10.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to five ports available. All pins of
the 1/0O ports are multiplexed with one or more alternate
functions from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose 1/O pin.

Each port has five registers for its operation. These
registers are:
* TRIS register (data direction register)

» PORT register (reads the levels on the pins of the
device)

» LAT register (output latch)

» ANSEL register (analog input control)

» SLRCON register (port slew rate control)

The Data Latch (LAT register) is useful for read-modify-

write operations on the value that the 1/0O pins are
driving.

A simplified model of a generic 1/O port, without the
interfaces to other peripherals, is shown in Figure 10-1.

FIGURE 10-1: GENERIC I/O PORT
OPERATION
!
RD LAT \!\I
Data ,\
Bus D o) I/( %
WR LAT 1/0 pin®
or Port E CK_\_
Data Latch
b TRISX
I Q ANSELX
WR TRIS cK
TRIS Latch Input
/| Buffer
RD TRIS \l\I
/I Q D

EN
RD Port DC _|

Note 1: 1/O pins have diode protection to VDD and Vss.

10.1 PORTA Registers

PORTA is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA. Setting
a TRISA bit (= 1) will make the corresponding PORTA
pin an input (i.e., disable the output driver). Clearing a
TRISA bit (= 0) will make the corresponding PORTA pin
an output (i.e., enable the output driver and put the
contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it, will write to the PORT latch.

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

The RA4 pin is multiplexed with the Timer0 module
clock input and one of the comparator outputs to
become the RA4/TOCKI/C10OUT pin. Pins RA6 and
RAY are multiplexed with the main oscillator pins; they
are enabled as oscillator or I/O pins by the selection of
the main oscillator in the Configuration register (see
Section 24.1 “Configuration Bits” for details). When
they are not used as port pins, RA6 and RA7 and their
associated TRIS and LAT bits are read as ‘0.

The other PORTA pins are multiplexed with analog
inputs, the analog VREF+ and VREF- inputs, and the
comparator voltage reference output. The operation of
pins RA<3:0> and RA5 as analog is selected by setting
the ANSELA<S5, 3:0> bits in the ANSELA register which
is the default setting after a Power-on Reset.

Pins RAO through RA5 may also be used as comparator
inputs or outputs by setting the appropriate bits in the
CM1CONO and CM2CONO registers.

Note: On a Power-on Reset, RA5 and RA<3:0>
are configured as analog inputs and read

as ‘0. RA4 is configured as a digital input.

The RA4/TOCKI/C1OUT pin is a Schmitt Trigger input.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

The TRISA register controls the drivers of the PORTA
pins, even when they are being used as analog inputs.
The user should ensure the bits in the TRISA register
are maintained set when using them as analog inputs.

EXAMPLE 10-1: INITIALIZING PORTA
MOVLB  OxF ; Set BSR for banked SFRs
CLRF PORTA ; Initialize PORTA by

; clearing output
; data latches

CLRF LATA Al ternate net hod

; to clear output

; data latches
MOVLW  EOh Configure 1/0
MOVWWF  ANSELA ; for digital inputs
MOVLW  OCFh ; Value used to

; initialize data

; direction

MOWWF  TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs

© 2010-2016 Microchip Technology Inc.

DS40001412G-page 127



PIC18(L)F2X/4XK22

11.2 Timer0 Operation

Timer0Q can operate as either a timer or a counter; the
mode is selected with the TOCS bit of the TOCON
register. In Timer mode (TOCS = 0), the module
increments on every clock by default unless a different
prescaler value is selected (see Section 11.4
“Prescaler”). Timer0 incrementing is inhibited for two
instruction cycles following a TMRO register write. The
user can work around this by adjusting the value written
to the TMRO register to compensate for the anticipated
missing increments.

The Counter mode is selected by setting the TOCS bit
(= 1). In this mode, TimerO increments either on every
rising or falling edge of pin RA4/TOCKI. The increment-
ing edge is determined by the TimerO0 Source Edge
Select bit, TOSE of the TOCON register; clearing this bit
selects the rising edge. Restrictions on the external
clock input are discussed below.

An external clock source can be used to drive TimerO;
however, it must meet certain requirements (see
Table 27-12) to ensure that the external clock can be
synchronized with the internal phase clock (Tosc).
There is a delay between synchronization and the
onset of incrementing the timer/counter.

11.3 Timer0O Reads and Writes in
16-Bit Mode

TMROH is not the actual high byte of Timer0 in 16-bit
mode; it is actually a buffered version of the real high
byte of TimerO which is neither directly readable nor
writable (refer to Figure 11-2). TMROH is updated with
the contents of the high byte of Timer0 during a read of
TMROL. This provides the ability to read all 16 bits of
Timer0 without the need to verify that the read of the
high and low byte were valid. Invalid reads could
otherwise occur due to a rollover between successive
reads of the high and low byte.

Similarly, a write to the high byte of TimerO must also
take place through the TMROH Buffer register. Writing
to TMROH does not directly affect TimerO. Instead, the
high byte of Timer0O is updated with the contents of
TMROH when a write occurs to TMROL. This allows alll
16 bits of TimerO to be updated at once.

FIGURE 11-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Foscl4 0
Sync with Set
1 Internal |——» TMROL TMROIF
TOCKI pin Programmable Clocks on Overflow
Prescaler
TOSE (2 Tcy Delay)
TOCS 8
TOPS<2:0> s
/
PSA < > Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
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14.4.7 START-UP CONSIDERATIONS

When any PWM mode is used, the application
hardware must use the proper external pull-up and/or
pull-down resistors on the PWM output pins.

The CCPxM<1:0> bits of the CCPxCON register allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (PxA/PxC and PxB/PxD). The PWM output
polarities must be selected before the PWM pin output
drivers are enabled. Changing the polarity
configuration while the PWM pin output drivers are
enable is not recommended since it may result in
damage to the application circuits.

The PxA, PxB, PxC and PxD output latches may not be
in the proper states when the PWM module is
initialized. Enabling the PWM pin output drivers at the
same time as the Enhanced PWM modes may cause
damage to the application circuit.

FIGURE 14-19:

The Enhanced PWM modes must be enabled in the
proper Output mode and complete a full PWM cycle
before enabling the PWM pin output drivers. The
completion of a full PWM cycle is indicated by the
TMRXIF bit of the PIR1, PIR2 or PIRS5 register being set
as the second PWM period begins.

Note: When the microcontroller is released from
Reset, all of the 1/O pins are in the high-
impedance state. The external circuits
must keep the power switch devices in the
Off state until the microcontroller drives
the 1/0 pins with the proper signal levels or

activates the PWM output(s).

EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRxSYNC = 0)

< PWM Period ——

PWM Q I_‘

L L L

STRx |

P1<D:A> PORT Datay'" \ /

Pln=PWM

PORT Data

FIGURE 14-20:
(STRXSYNC = 1)

EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION

PWM \_!

L

I

STRx ;

P1<D:A> —(

PORT Data X

T\

PORT Data

Pln=PWM
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16.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VoH Mark state which
represents a ‘1’ data bit, and a VoL Space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port idles in the Mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is eight bits. Each transmitted bit persists for a
period of 1/(Baud Rate). An on-chip dedicated 8-bit/16-
bit Baud Rate Generator is used to derive standard
baud rate frequencies from the system oscillator. See
Table 16-5 for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART's transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

16.1.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 16-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREGx register.

16.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
* SYNC=0
* SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXSTAX register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXSTAX register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTAx register enables the EUSART and
automatically configures the TXxX/CKx I/O pin as an
output. If the TXx/CKx pin is shared with an analog
peripheral the analog 1/O function must be disabled by
clearing the corresponding ANSEL bit.

Note:  The TXxIF transmitter interrupt flag is set
when the TXEN enable bit is set.

16.1.1.2 Transmitting Data

A transmission is initiated by writing a character to the
TXREGx register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXREGx is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXREGx until the Stop bit of the
previous character has been transmitted. The pending
character in the TXREGX is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXREGX.

16.1.1.3 Transmit Data Polarity

The polarity of the transmit data can be controlled with
the CKTXP bit of the BAUDCONKX register. The default
state of this bit is ‘0’ which selects high true transmit
idle and data bits. Setting the CKTXP bit to ‘1’ will invert
the transmit data resulting in low true idle and data bits.
The CKTXP bit controls transmit data polarity only in
Asynchronous mode. In Synchronous mode the
CKTXP bit has a different function.

16.1.1.4  Transmit Interrupt Flag

The TXXIF interrupt flag bit of the PIR1/PIR3 register is
set whenever the EUSART transmitter is enabled and
no character is being held for transmission in the
TXREGX. In other words, the TXxIF bit is only clear
when the TSR is busy with a character and a new
character has been queued for transmission in the
TXREGx. The TXXxIF flag bit is not cleared immediately
upon writing TXREGx. TXxIF becomes valid in the
second instruction cycle following the write execution.
Polling TXxIF immediately following the TXREGx write
will return invalid results. The TXxIF bit is read-only, it
cannot be set or cleared by software.

The TXxIF interrupt can be enabled by setting the
TXXIE interrupt enable bit of the PIEL/PIE3 register.
However, the TXxIF flag bit will be set whenever the
TXREGxX is empty, regardless of the state of TXxIE
enable bit.

To use interrupts when transmitting data, set the TXxIE
bit only when there is more data to send. Clear the
TXXIE interrupt enable bit upon writing the last
character of the transmission to the TXREGx.
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16.5.2.3 EUSART Synchronous Slave

Reception

The operation of the Synchronous Master and Slave
modes is identical (Section 16.5.1.6 “Synchronous
Master Reception”), with the following exceptions:

* Sleep

* CREN bit is always set, therefore the receiver is
never Idle

* SREN bit, which is a “don't care” in Slave mode

A character may be received while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCREGKX register. If the RCxIE enable bit is set,
the interrupt generated will wake the device from Sleep
and execute the next instruction. If the GIE/GIEH bit is
also set, the program will branch to the interrupt vector.

16.5.2.4 Synchronous Slave Reception
Setup:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.
2. Set the RXx/DTx and TXx/CKx TRIS controls to
1.

3. If using interrupts, ensure that the GIE/GIEH
and PEIE/GIEL bits of the INTCON register are
set and set the RCXIE bit.

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

5. Setthe CREN bit to enable reception.

6. The RCxIF bit will be set when reception is
complete. An interrupt will be generated if the
RCXIE bit was set.

7. If 9-bit mode is enabled, retrieve the Most
Significant bit from the RX9D bit of the RCSTAXx
register.

8. Retrieve the eight Least Significant bits from the
receive FIFO by reading the RCREGX register.

9. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTAXx
register or by clearing the SPEN bit which resets
the EUSART.

TABLE 16-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ';ﬁgp'zgeé
BAUDCON1 | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 271
BAUDCON2 | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 271
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 121
IPR3 SSP2|P BCL2IP RC2IP TX2IP CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
PIE1 — ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 117
PIE3 SSP2IE BCL2IE RC2IE TX2IE CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIR1 — ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 112
PIR3 SSP2IF BCL2IF RC2IF TX2IF CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PMDO UART2MD | UART1IMD | TMR6MD | TMR5MD | TMR4MD | TMR3MD | TMR2MD | TMR1MD 52
RCREG1 EUSARTL1 Receive Register —
RCSTA1 SPEN | Rx9 | SREN | CREN [ ADDEN | FERR | OERR | RX9D 270
RCREG2 EUSART2 Receive Register —
RCSTA2 SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D 270
SPBRG1 EUSART1 Baud Rate Generator, Low Byte —
SPBRGH1 EUSART1 Baud Rate Generator, High Byte —
SPBRG2 EUSART2 Baud Rate Generator, Low Byte —
SPBRGH2 EUSART2 Baud Rate Generator, High Byte —
TXSTAl CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 269
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 269
Legend: — =unimplemented locations, read as ‘0’. Shaded bits are not used for synchronous slave reception.
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19.1 CTMU Operation

The CTMU works by using a fixed current source to
charge a circuit. The type of circuit depends on the type
of measurement being made. In the case of charge
measurement, the current is fixed, and the amount of
time the current is applied to the circuit is fixed. The
amount of voltage read by the A/D is then a
measurement of the capacitance of the circuit. In the
case of time measurement, the current, as well as the
capacitance of the circuit, is fixed. In this case, the
voltage read by the A/D is then representative of the
amount of time elapsed from the time the current
source starts and stops charging the circuit.

If the CTMU is being used as a time delay, both
capacitance and current source are fixed, as well as the
voltage supplied to the comparator circuit. The delay of
a signal is determined by the amount of time it takes the
voltage to charge to the comparator threshold voltage.

19.1.1 THEORY OF OPERATION

The operation of the CTMU is based on the equation
for charge:

More simply, the amount of charge measured in
coulombs in a circuit is defined as current in amperes
(1) multiplied by the amount of time in seconds that the
current flows (t). Charge is also defined as the
capacitance in farads (C) multiplied by the voltage of
the circuit (V). It follows that:

The CTMU module provides a constant, known current
source. The A/D Converter is used to measure (V) in
the equation, leaving two unknowns: capacitance (C)
and time (t). The above equation can be used to
calculate capacitance or time, by either the relationship
using the known fixed capacitance of the circuit:

t=(C-V)/I

or by:

C=(-tyv

using a fixed time that the current source is applied to
the circuit.

19.1.2 CURRENT SOURCE

At the heart of the CTMU is a precision current source,
designed to provide a constant reference for
measurements. The level of current is user-selectable
across three ranges, with the ability to trim the output.
The current range is selected by the IRNG<1:0> bits
(CTMUICONK<1:0>), with a value of ‘00’ representing
the lowest range.

Current trim is provided by the ITRIM<5:0> bits
(CTMUICON<7:2>). Note that half of the range adjusts
the current source positively and the other half reduces
the current source. A value of ‘000000’ is the neutral
position (no change). A value of ‘100000’ is the maxi-
mum negative adjustment, and ‘011111’ is the maxi-
mum positive adjustment.

19.1.3 EDGE SELECTION AND CONTROL

CTMU measurements are controlled by edge events
occurring on the module’s two input channels. Each
channel, referred to as Edge 1 and Edge 2, can be
configured to receive input pulses from one of the edge
input pins (CTED1 and CTED2) or ECCPx Special
Event Triggers. The input channels are level-sensitive,
responding to the instantaneous level on the channel
rather than a transition between levels. The inputs are
selected using the EDG1SEL and EDG2SEL bit pairs
(CTMUCONL<3:2 and 6:5>).

In addition to source, each channel can be configured for
event polarity using the EDGE2POL and EDGE1POL
bits (CTMUCONL<7,4>). The input channels can also
be filtered for an edge event sequence (Edge 1 occur-
ring before Edge 2) by setting the EDGSEQEN bit
(CTMUCONH<2>).

19.1.4 EDGE STATUS

The CTMUCONL register also contains two Status bits:
EDG2STAT and EDGI1STAT (CTMUCONL<1:0>).
Their primary function is to show if an edge response
has occurred on the corresponding channel. The
CTMU automatically sets a particular bit when an edge
response is detected on its channel. The level-sensitive
nature of the input channels also means that the Status
bits become set immediately if the channel’s configura-
tion is changed and is the same as the channel’s
current state.
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TABLE 25-2: PIC18(L)F2X/4XK22 INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f, b, a | Bit Clear f 1 1001 bbba ffff ffff [None 1,2
BSF f, b, a | Bit Set f 1 1000 bbba ffff ffff [None 1,2
BTFSC f, b, a | Bit Test f, Skip if Clear 1(2or3)| 1011 bbba ffff ffff [None 3,4
BTFSS f, b, a | Bit Test f, Skip if Set 1(2or3)| 1010 bbba ffff ffff |None 3,4
BTG f, b, a | Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn  nnnn | None
BN n Branch if Negative 1(2) 1110 0110 nnnn  nnnn | None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn  nnnn | None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn  nnnn | None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn  nnnn | None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn  nnnn | None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn  nnnn | None
BRA n Branch Unconditionally 2 1101 Onnn  nnnn  nnnn | None
BZ n Branch if Zero 1(2) 1110 0000 nnnn  nnnn | None
CALL k, s Call subroutine 1st word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk  kkkk  kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO k Go to address ~ 1st word 2 1110 1111 kkkk  Kkkkk [None

2nd word 1111 kkkk  kkkk  kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 XXXX  XXXX  XXXX | None 4
POP — Pop top of return stack (TOS) 1 0000 0000 0000 0110 |None
PUSH — Push top of return stack (TOS) 1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1nnn  nnnn  nnnn | None
RESET Software device Reset 1 0000 0000 1111 1111 |Al
RETFIE S Return from interrupt enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s [None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD

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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COMF Complement f CPFSEQ Compare f with W, skip if f =W
Syntax: COMF  f{d{a}} Syntax: CPFSEQ f{.a}
Operands: 0<f<255 Operands: 0<f<255

de[01] ae[0,1]

ae[0,1] Operation: ) — (W),
Operation: (f) - dest skip if (f) = (W)

(unsigned comparison)

Status Affected: N, Z

Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

\ 0001 | 11da \ fEff | fEff \

The contents of register ‘f’ are
complemented. If ‘d’ is ‘0’, the result is
stored in W. If ‘d’ is ‘1’, the result is
stored back in register ‘f’ (default).

If ‘a’ is ‘0, the Access Bank 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.

1
1

Q2 Q3 Q4

Decode

Read Process Write to
register ‘f’ Data destination

Example:

COVF REG 0, O

Before Instruction

REG

= 13h

After Instruction

REG
w

= 13h
= ECh

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

None
| 0110 | 00la | frff | FEff |

Compares the contents of data memory
location ‘f’ to the contents of W by
performing an unsigned subtraction.

If ‘f = W, then the fetched instruction is
discarded and a NOP is executed
instead, making this a 2-cycle
instruction.

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.

1

1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Ql Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG, 0
NEQUAL
EQUAL
Before Instruction
PC Address = HERE
W = ?
REG = 2
After Instruction
If REG = W
PC =  Address (EQUAL)
If REG = W,
PC =  Address ( NEQUAL)
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27.2 DC Characteristics: Power-Down Current, PIC18(L)F2X/4XK22
e i " Lees e e st
o et Conlore (s ggvise sate)
PaNrsm Device Characteristics Jgf,’c +-EI$-)(;?C +'\é|5az(c +1’4‘?§C Units Vo Condutu;:es
Power-down Base Current (IPD)™®
D006 |Sleep mode 0.01 0.04 10 pA 1.8V |WDT, BOR, FVR and
001 | 0.06 10 WA | 3.0v |SOSC disabled, all
Peripherals inactive
12 13 25 35 pA 2.3V
13 14 30 40 pA 3.0V
13 14 35 50 pA 5.0V
Power-down Module Differential Current (delta IPD)
D007 |Watchdog Timer 0.3 0.3 25 2.5 pA 1.8v
0.5 05 25 25 pA 3.0V
0.35 | 0.35 5.0 5.0 pA 2.3V
0.5 0.5 5.0 5.0 pA 3.0V
0.5 0.5 5.0 5.0 pA 5.0V
D008 |Brown-out Reset® 8.5 15 16 uA | 2.0V
9.5 15 16 pA | 3.0V
34 34 15 16 pA 2.3V
3.8 3.8 15 16 pA 3.0V
5.2 5.2 15 16 pA 5.0V
D010 |High/Low Voltage Detect® | 6.5 6.7 15 15 A | 2.0V
7 7.5 15 15 pA 3.0v
2.1 2.1 15 15 pA 2.3V
2.4 2.4 15 15 pA 3.0V
3.2 3.2 15 15 pA 5.0V
D011 |Secondary Oscillator 0.5 1 3 10 pA 1.8v
0.6 1.1 4 10 pA 3.0V 32 kHz on SOSC
0.5 1 3 10 pA 2.3V
0.6 1.1 4 10 pA 3.0V
0.6 1.1 5 10 pA 5.0V
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is
measured with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss
and all features that add delta current disabled (such as WDT, Timerl Oscillator, BOR, etc.).

2:  On PIC18LF2X/4XK22 the BOR, HLVD and FVR enable internal band gap reference. With more than one
of these modules enabled, the current consumption will be less than the sum of the specifications. On
PIC18F2X/4XK22, the internal band gap reference is always enabled and its current consumption is
included in the Power-down Base Current (IPD).

3:  A/D converter differential currents apply only in Run mode. In Sleep or Idle mode both the ADC and the

FRC turn off as soon as conversion (if any) is complete.
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27.3 DC Characteristics: RC Run Supply Current, PIC18(L)F2X/4XK22 (Continued)

Standard Operating Conditions (unless otherwise stated)

PIC18LF2X/4XK22 Operating temperature -40°C < TA < +125°C
Standard Operating Conditions (unless otherwise stated)
ISR Operating temperature -40°C < TA £ +125°C
PaNr:m Device Characteristics Typ Max | Units Conditions

D030 0.35 | 0.50 | mA |-40°Cto +125°C VoD = 1.8V Fosc =1 MHz

D031 045 | 0.65 | mA |-40°Cto+125°C| wvop=3.0v |(RC_RUNmode,
HFINTOSC
source)

D032 0.40 | 0.60 | mA |[-40°C to +125°C VpD = 2.3V Fosc = 1 MHz

D033 050 | 0.65 | mA |-40°Cto+125°C| vop=3.0v |(RC_RUNmode,
HFINTOSC

D034 0.55 | 0.75 | mA |[-40°C to +125°C VbD = 5.0V source)

D035 1.3 2.0 | mA |-40°Cto +125°C VoD = 1.8V Fosc = 16 MHz

D036 22 | 30 | mA [-40°Cto+125°C| vop=30v |(RC_RUNmode,
HFINTOSC
source)

D037 1.7 2.0 | mA |-40°C to +125°C VpD = 2.3V Fosc = 16 MHz

D038 22 | 30 | mA [-40°Cto+125°C| wvop=30v |(RC_RUN mode,
HFINTOSC

D039 25 3.5 | mA |-40°C to +125°C VpD = 5.0V source)

D041 6.2 8.5 | mA |-40°C to +125°C VDD = 3.0V Fosc = 64 MHz
(RC_RUN mode,
HFINTOSC + PLL
source)

D043 6.2 8.5 | mA |-40°C to +125°C VDD = 3.0V Fosc = 64 MHz

D044 68 | 95 | mA [-40°Cto+125°C| vop=5.0v |(RC_RUN mode,
HFINTOSC + PLL
source)

Note 1: The supply currentis mainly a function of operating voltage, frequency and mode. Other factors, such as I/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;
OSCL1 = external square wave, from rail-to-rail (PRI_RUN and PRI_IDLE only).
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FIGURE 28-15: PIC18LF2X/4XK22 DELTA Ipp DAC
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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 28-70: PIC18F2X/4XK22 TYPICAL Ipb: PRI_IDLE EC with PLL
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FIGURE 28-71: PIC18F2X/4XK22 MAXIMUM IpD: PRI_IDLE EC with PLL
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FIGURE 28-84: PIC18(L)F2X/4XK22 PIN INPUT LEAKAGE
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FIGURE 28-96: PIC18(L)F2X/4XK22 TYPICAL FIXED VOLTAGE REFERENCE 2x OUTPUT
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FIGURE 28-97: PIC18(L)F2X/4XK22 TYPICAL FIXED VOLTAGE REFERENCE 2x OUTPUT
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN or VQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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[ EV —= ’« [
44
f — G2
-—-—(1000000P0010
— | =
2 1 O O O O O —
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E24-0 o o o o g_
EV —
c2 Y2 gEg0 o o o o*l=
f — = — G1
— 0 O O O |—» .
] 1 |
— O O O O —J
— —] *
1 Y1 —f
l«— SILK SCREEN
X1
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOoM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width X2 6.60
Optional Center Pad Length Y2 6.60
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.85
Contact Pad to Contact Pad (X40) | G1 0.30
Contact Pad to Center Pad (X44) G2 0.28
Thermal Via Diameter \ 0.33
Thermal Via Pitch EV 1.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing No. C04-2103C
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