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PIC18(L)F1XK22

2.12 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue operating should the external oscillator fail.
The FSCM can detect oscillator failure any time after
the Oscillator Start-up Timer (OST) has expired. The
FSCM is enabled by setting the FCMEN bit in the
CONFIG1H Configuration register. The FSCM is
applicable to all external oscillator modes (LP, XT, HS,
EC and RC).

FIGURE 2-6: FSCM BLOCK DIAGRAM
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2121 FAIL-SAFE DETECTION

The FSCM module detects a failed oscillator by
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC by 64. See Figure 2-6. Inside the fail
detector block is a latch. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clock. A failure is detected when an entire half-
cycle of the sample clock elapses before the primary
clock goes low.

2122 FAIL-SAFE OPERATION

When the external clock fails, the FSCM switches the
device clock to an internal clock source and sets the bit
flag OSCFIF of the PIR2 register. The OSCFIF flag will
generate an interrupt if the OSCFIE bit of the PIE2
register is also set. The device firmware can then take
steps to mitigate the problems that may arise from a
failed clock. The system clock will continue to be
sourced from the internal clock source until the device
firmware successfully restarts the external oscillator
and switches back to external operation. An automatic
transition back to the failed clock source will not occur.

The internal clock source chosen by the FSCM is
determined by the IRCF<2:0> bits of the OSCCON
register. This allows the internal oscillator to be
configured before a failure occurs.

2123 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared by either one of the
following:

* Any Reset
» By toggling the SCS1 bit of the OSCCON register

Both of these conditions restart the OST. While the
OST is running, the device continues to operate from
the INTOSC selected in OSCCON. When the OST
times out, the Fail-Safe condition is cleared and the
device automatically switches over to the external clock
source. The Fail-Safe condition need not be cleared
before the OSCFIF flag is cleared.

2124 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an oscillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after
any type of Reset. The OST is not used with the EC or
RC Clock modes so that the FSCM will be active as
soon as the Reset or wake-up has completed. When
the FSCM is enabled, the Two-Speed Start-up is also
enabled. Therefore, the device will always be executing
code while the OST is operating.

Note: Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
OSTS bit of the OSCCON register to verify
the oscillator start-up and that the system
clock switchover has  successfully
completed.
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TABLE 3-2:  REGISTER FILE SUMMARY (PIC18(L)F1XK22) (CONTINUED)
) . . . . . . ; . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR pgge:
TMROH Timer0 Register, High Byte 0000 0000 (246, 92
TMROL Timer0 Register, Low Byte XXXX XXXX |246, 92
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 1111 1111 (246, 91
OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS HFIOFS SCS1 SCS0 0011 qq00|246, 17
OSCCON2 — — — — — PRI_SD HFIOFL LFIOFS |[---- -10x 246,18
WDTCON — — — — — — — SWDTEN | --- --- 0 (246, 260
RCON IPEN SBOREN(® — RI TO PD POR BOR |0g-1 11q0 gié: 7
TMR1H Timer1 Register, High Byte XXXX XXXX |246, 94
TMR1L Timer1 Register, Low Bytes XXXX XXXX |246, 94
T1CON RD16 | T1RUN | T1CKPS1 | T1CKPSO | T10SCEN | T1SYNC TMR1CS | TMR1ON |0000 0000|246, 94
TMR2 Timer2 Register 0000 0000 (246, 100
PR2 Timer2 Period Register 1111 1111|246, 100
T2CON — | 120UTPs3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMR20N | T2CKPS1 | T2CKPSO |-000 0000246, 100
SSPBUF SSP Receive Buffer/Transmit Register XXXX XXXX fgg 130
SSPADD SSP Address Register in I2C Slave Mode. SSP Baud Rate Reload Register in 12C Master Mode. 0000 0000 (246, 147
SSPSTAT SMP CKE D/A P s RIW UA BF  |0000 0000 f‘z‘g: 137
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0O |0000 0000 fgg 138
SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 |246, 139
ADRESH A/D Result Register, High Byte XXXX XXXX |247,197
ADRESL A/D Result Register, Low B XXXX XXXX |247,197
ADCONO = = CHS3 CHS2 CHS1 CHSO0 GO/DONE ADON --00 0000 (247, 203
ADCON1 — — — — PVCFG1 PVCFGO NVCFG1 NVCFGO |---- 0000|247, 204
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCS0 |0-00 0000|247, 205
CCPR1H Capture/Compare/PWM Register 1, High Byte XXXX XXXX |247,126
CCPR1L Capture/Compare/PWM Register 1, Low Byte XXXX XXXX |247,126
CCP1CON P1M1 P1MO DC1B1 DC1B0O CCP1M3 CCP1M2 CCP1M1 CCP1MO |0000 0000|247, 106
VREFCON2 — — = DAC1R<4:0> ---0 0000 (247, 236
VREFCON1 D1EN D1LPS DAC10E D1PSS<1:0> — D1NSS |000- 00-0|247,235
VREFCONO| FVR1EN FVR1ST FVR1S<1:0> — — = = 0001 ---- (247,232
PSTRCON — — — STRSYNC STRD STRC STRB STRA ---0 0001 (247,123
BAUDCON | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN [0100 0- 00247, 181
PWM1CON | PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO 0000 0000 (247, 122
ECCP1AS | ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO PSSAC1 PSSACO PSSBD1 PSSBDO |0000 0000|247, 118
TMR3H Timer3 Register, High Byte XXXX XXXX|247,102
TMR3L Timer3 Register, Low Byte XXXX XXXX|247,102
T3CON RD16 — T3CKPS1 | T3CKPSO | T3CCP1 T3SYNC TMR3CS | TMR3ON [0-00 0000|247, 102
Legend: X =unknown, u = unchanged, — unimplemented, q = value depends on condition
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise it is disabled and reads as ‘0’. See
Section 22.4 “Brown-out Reset (BOR)".
2:  The RA3 bit is only available when Master Clear Reset is disabled (MCLRE Configuration bit = 0). Otherwise, RA3 reads as ‘0’. This bit is
read-only.
3: Unimplemented, read as ‘1’.

© 2009-2016 Microchip Technology Inc.
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EXAMPLE 4-3: 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 MOV 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
452 WRITE VERIFY 454 PROTECTION AGAINST
SPURIOUS WRITES

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.

453 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.

To protect against spurious writes to Flash program
memory, the write initiate sequence must also be
followed. See Section 23.0 “Special Features of the
CPU” for more detail.

4.6 Flash Program Operation During

Code Protection

See Section 23.3 “Program Verification and Code
Protection” for details on code protection of Flash
program memory.

TABLE 4-3: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |Valueson

page
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD 247
EECON2 |EEPROM Control Register 2 (not a physical register) 247
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE| INTOIE RABIE TMROIF INTOIF RABIF 245
IPR2 OSCFIP C1IP C2IP EEIP BCLIP — TMR3IP — 248
PIE2 OSCFIE C1IE C2IE EEIE BCLIE — TMRSIE — 248
PIR2 OSCFIF C1IF C2IF EEIF BCLIF — TMRS3IF — 248
TABLAT  |Program Memory Table Latch 245
TBLPTRL |Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 245
TBLPTRU — — | bit 21 ‘ Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) 245
TBPLTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>) 245
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.

© 2009-2016 Microchip Technology Inc.
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7.9 INTX Pin Interrupts

External interrupts on the INTO, INT1 and INT2 pins are
edge-triggered. If the corresponding INTEDGx bit in the
INTCONZ2 register is set (= 1), the interrupt is triggered
by a rising edge; if the bit is clear, the trigger is on the
falling edge. When a valid edge appears on the INTx
pin, the corresponding flag bit, INTxF, is set. This
interrupt can be disabled by clearing the corresponding
enable bit, INTxE. Flag bit, INTxF, must be cleared by
software in the Interrupt Service Routine before re-
enabling the interrupt.

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

Interrupt priority for INT1 and INT2 is determined by
the value contained in the interrupt priority bits,
INT1IP and INT2IP of the INTCONS register. There is
no priority bit associated with INTO. It is always a high-
priority interrupt source.

7.10 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit, TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL
register pair (FFFFh — 0000h) will set TMROIF. The
interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE of the INTCON register. Interrupt
priority for TimerO is determined by the value contained
in the interrupt priority bit, TMROIP of the INTCON2
register. See Section 9.0 “Timer0 Module” for further
details on the TimerO module.

7.11 PORTA and PORTB Interrupt-on-
Change

An input change on PORTA or PORTB sets flag bit,
RABIF of the INTCON register. The interrupt can be
enabled/disabled by setting/clearing enable bit, RABIE
of the INTCON register. Pins must also be individually
enabled with the IOCA and IOCB register. Interrupt
priority for PORTA and PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RABIP of the INTCON2 register.

7.12 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the fast return stack. If a fast
return from interrupt is not used (see Section 3.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 7-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

EXAMPLE 7-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM
MOVWF W TEMP ; WTEMP is in virtual bank
MOVFF STATUS, STATUS_TEMP STATUS_TEMP | ocat ed anywhere

BSR_TMEP | ocat ed anywhere

MOVFF BSR, BSR_TEMWP
USER | SR CODE

MOVFF BSR_TEMP, BSR

MOVF WTEMP, W
MOVFF STATUS_TEMP, STATUS

Rest ore BSR
Rest ore WREG
Rest ore STATUS

DS40001365F-page 72
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8.0 I/OPORTS

There are up to three ports available. Some pins of the
I/O ports are multiplexed with an alternate function 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 three 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)
The PORTA Data Latch (LATA register) is useful for

read-modify-write operations on the value that the 1/0
pins are driving.

A simplified model of a generic 1/O port, without the
interfaces to other peripherals, is shown in Figure 8-1.

FIGURE 8-1: GENERIC I/O PORT
OPERATION
e

RD LAT N
Data
Bus D Q } ° EZ'
WR LAT /0 pin(l)
or Port E CK_\_

Data Latch

o— D Q

WR TRIS ) KL

TRIS Latch Input
[ Buffer

]
RD TRIS ~

/‘ Q D

EN
RD Port >C _|

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

8.1 PORTA, TRISA and LATA Registers

PORTA is a 6-bit wide, bidirectional port, with the
exception of RA3, which is input-only and its TRIS bit
will always read as ‘1. 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 PORTA 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.

All of the PORTA pins are individually configurable as
interrupt-on-change pins. Control bits in the IOCA
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 IOCA 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
PORTA. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTA Change Interrupt flag
bit (RABIF) in the INTCON register.

© 2009-2016 Microchip Technology Inc.
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REGISTER 8-1: PORTA: PORTA REGISTER
U-0 U-0 R/W-x R/W-x R-x R/W-x R/W-x R/W-x
— — RA5 RA4 RA3 RA2 RA1 RAO
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 RA<5:0>: PORTA /O Pin it
1 = Port pin is > VIH
0 = Port pin is < VIL
Note 1. The RAS3 bit is only available when Master Clear Reset is disabled (MCLRE Configuration bit = 0).
Otherwise, RA3 reads as ‘0’. This bit is read-only.
REGISTER 8-2: TRISA: PORTA TRI-STATE REGISTER
U-0 U-0 R/W-1 R/W-1 U-1 R/W-1 R/W-1 R/W-1
— — TRISA5 TRISA4 — TRISA2 TRISA1 TRISAO
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 7-6 Unimplemented: Read as ‘0’
bit 5-4 TRISA<5:4>; PORTA Tri-State Control bit()
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
bit 3 Unimplemented: Read as ‘1’
bit 2-0 TRISA<2:0>: PORTA Tri-State Control bit®)
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
Note 1: TRISA<5:4> always reads ‘1’ in XT, HS and LP Oscillator modes.

© 2009-2016 Microchip Technology Inc.
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REGISTER 13-3: PWM1CON: ENHANCED PWM CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDCA1 PDCO
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 PRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the ECCPASE bit clears automatically once the shutdown event goes
away; the PWM restarts automatically
0 = Upon auto-shutdown, ECCPASE must be cleared by software to restart the PWM
bit 6-0 PDC<6:0>: PWM Delay Count bits

PDCn = Number of Fosc/4 (4 * Tosc) cycles between the scheduled time when a PWM signal
should transition active and the actual time it transitions active
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14.2.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
external clock pulses appear on SCK. When the last bit
is latched, the SSPIF interrupt flag bit is set.

Before enabling the module in SPI Slave mode, the clock
line must match the proper Idle state. The clock line can
be observed by reading the SCK pin. The Idle state is
determined by the CKP bit of the SSPCON1 register.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from Sleep.

FIGURE 14-4:

14.2.7 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with S8S pin control enabled
(SSPCON1<3:0> = 0100). When the SS pin is low,
transmission and reception are enabled and the SDO
pin is driven. When the SS pin goes high, the SDO pin
is no longer driven, even if in the middle of a transmitted
byte and becomes a floating output. External
pull-up/pull-down  resistors may be desirable
depending on the application.

Note 1: When the SPI s in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the SPI module will reset if the SS pin is
set to VDD.

2: When the SPI is used in Slave mode with
CKE set the SS pin control must also be
enabled.

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

SLAVE SYNCHRONIZATION WAVEFORM

51
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(CKP =1 :
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Write to
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(SMP =0) ; Copit7 ; bit 7 l l l
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(SMP=0) ; : : ! ! ' 27 ! :
SSPIF : : : | !
Interrupt (C :
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SSPBUF >p;
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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
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FIGURE 16-5: ANALOG INPUT MODEL
Voo Sampling
o VT =06V . Switch
. Rs '+ ANx Ric<1k ' SS Rss .
X J\N\’_:_@ AMA- A X )
: . CPIN _L @ a CHOLD = 13.5 pF
. @ . 5pF T VT = O'GVCDI LEAKAGE X .
= . T Discharge VSS/VREF-
L Switch
3.5V
Legend: CPIN = Input Capacitance 3.0V------
\ai = Threshold Voltage 2 25v :
| LEAKAGE = Leakage current at the pin due to 20V !
various junctions ) '
Ric = Interconnect Resistance 1.5V :
SS = Sampling Switch } } } }
CHOLD = Sample/Hold Capacitance A 1 10 100
Rss (kQ)
Note 1: See Section 26.0 “Electrical Specifications”.
FIGURE 16-6: ADC TRANSFER FUNCTION
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21.0 DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The Digital-to-Analog Converter supplies a variable
voltage reference, ratiometric with the input source,
with 32 selectable output levels.

The input of the DAC can be connected to:

« External VREF pins

« VDD supply voltage

* FVR (Fixed Voltage Reference)

The output of the DAC can be configured to supply a
reference voltage to the following:

» Comparator positive input

* ADC input channel

* DAC10UT pin

The Digital-to-Analog Converter (DAC) can be enabled
by setting the D1EN bit of the VREFCON1 register.

21.1 Output Voltage Selection

The DAC has 32 voltage level ranges. The 32 levels
are set with the DAC1R<4:0> bits of the VREFCON2
register.

The DAC output voltage is determined by the following
equations:

EQUATION 21-1: DAC OUTPUT VOLTAGE

DACR<4:O>) +VSRC-

Vout = ((VSRC+—VSRC—) x
25

Vsrc+ = VDD, VREF+ or FVR1

VSRC- = Vssor VREF-

21.2 Ratiometric Output Level

The DAC output value is derived using a resistor ladder
with each end of the ladder tied to a positive and
negative voltage reference input source. If the voltage
of either input source fluctuates, a similar fluctuation will
result in the DAC output value.

The value of the individual resistors within the ladder
can be found in Section 26.0 “Electrical
Specifications”.

21.3 Low-Power Voltage State

In order for the DAC module to consume the least
amount of power, one of the two voltage reference input
sources to the resistor ladder must be disconnected.
Either the positive voltage source, (VSRc+), or the
negative voltage source, (VSRC-) can be disabled.

The negative voltage source is disabled by setting the
D1LPS bit in the VREFCON1 register. Clearing the
D1LPS bit in the VREFCON1 register disables the
positive voltage source.

21.4 Output Clamped to Positive
Voltage Source

The DAC output voltage can be set to VSRC+ with the
least amount of power consumption by performing the
following:

» Clearing the D1EN bit in the VREFCON1 register.

» Setting the D1LPS bit in the VREFCON1 register.

» Configuring the D1PSS bits to the proper positive
source.

» Configuring the DAC1RXx bits to ‘11111’ in the
VREFCON2 register.

This is also the method used to output the voltage level
from the FVR to an output pin. See Section 21.6 “DAC
Voltage Reference Output” for more information.

21.5 Output Clamped to Negative
Voltage Source

The DAC output voltage can be set to VSRC- with the
least amount of power consumption by performing the
following:

» Clearing the D1EN bit in the VREFCON1 register.

» Clearing the DAC1R bit in the VREFCON1 register.

» Configuring the D1PSS bits to the proper negative
source.

» Configuring the DAC1RXx bits to ‘00000’ in the
VREFCONZ2 register.

This allows the comparator to detect a zero-crossing
while not consuming additional current through the DAC
module.

21.6 DAC Voltage Reference Output

The DAC can be output to the DAC10UT (CVREF) pin by
setting the DAC10OE bit of the VREFCON1 register to ‘1’.
Selecting the DAC reference voltage for output on the
DAC10UT pin automatically overrides the digital output
buffer and digital input threshold detector functions of
that pin. Reading the DAC10UT pin when it has been
configured for DAC reference voltage output will always
return a ‘0’.

Due to the limited current drive capability, a buffer must
be used on the DAC voltage reference output for
external connections to DAC10UT. Figure 21-2 shows
an example buffering technique.

© 2009-2016 Microchip Technology Inc.
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TABLE 22-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MCLR Resets,
Register Address Power-on Reset, WDT Reset,_ Wake-up via WDT
Brown-out Reset RESET Instruction, or Interrupt
Stack Resets

ADRESH FC4h XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL FC3h XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO FC2h --00 0000 --00 0000 --uu uuuu
ADCON1 FC1h ---- 0000 ---- 0000 ---- uuuu
ADCON2 FCOh 0- 00 0000 0- 00 0000 u- uu uuuu
CCPR1H FBFh XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1L FBEh XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON FBDh 0000 0000 0000 0000 uuuu uuuu
VREFCON2 FBCh ---0 0000 ---0 0000 ---Uu uuuu
VREFCON1 FBBh 000- 00-0 000- 00-0 uuu- uu-u
VREFCONO FBAh 0001 ---- 0001 ---- uuuu - ---
PSTRCON FBOh ---0 0001 ---0 0001 ---Uu uuuu
BAUDCON FB8h 0100 0-00 0100 0-00 uuuu u-uu
PWM1CON FB7h 0000 0000 0000 0000 uuuu uuuu
ECCP1AS FB6h 0000 0000 0000 0000 uuuu uuuu
TMR3H FB3h XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L FB2h XXXX XXXX uuuu uuuu uuuu uuuu
T3CON FB1h 0- 00 0000 u- uu uuuu u- uu uuuu
SPBRGH FBOh 0000 0000 0000 0000 uuuu uuuu
SPBRG FAFh 0000 0000 0000 0000 uuuu uuuu
RCREG FAEh 0000 0000 0000 0000 uuuu uuuu
TXREG FADh 0000 0000 0000 0000 uuuu uuuu
TXSTA FACh 0000 0010 0000 0010 uuuu uuuu
RCSTA FABh 0000 000x 0000 000x uuuu uuuu
EEADR FAAh 0000 0000 0000 0000 uuuu uuuu
EEDATA FA8h 0000 0000 0000 0000 uuuu uuuu
EECON2 FA7h 0000 0000 0000 0000 0000 0000
EECON1 FA6h xx-0 x000 uu-0 u000 uu-0 u000
Legend: u =unchanged, x =unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).

2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

3:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

4: See Table 22-3 for Reset value for specific condition.
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RRNCF Rotate Right f (No Carry) SETF Set f
Syntax: RRNCF f{,d {,a}} Syntax: SETF f{,a}
Operands: 0<f<255 Operands: 0<f<255
de[0,1] ae[0,1]
a<0.1] Operation: FFh > f
Operation: (f<n>) — dest<n — 1>, Status Affected: None
(f<0>) — dest<7> '
Encoding: | o110 [ 100a | ffif | frff |
Status Affected: N, Z
Description: The contents of the specified register
Encoding: [ 0100 [ ooda [ fref [ etet | P ars ot 10 FE P 9
Description: The contents of register ‘" are rotated If ‘a’ is ‘0, the Access Bank is selected.
one bit to the right. If ‘d’” is ‘0’, the result If ‘a’is ‘1’, the BSR is used to select the
is placed in W. If 'd’ is ‘1, the result is GPR bank (default).
placed back in register f’ (default). If ‘a’ is ‘0’ and the extended instruction
If ‘a’ is ‘0’, the Access Bank will be set is enabled, this instruction operates
selected, overriding the BSR value. If ‘@’ in Indexed Literal Offset Addressing
is ‘1’, then the bank will be selected as mode whenever f <95 (5Fh). See
per the BSR value (default). Section 24.2.3 “Byte-Oriented and
If ‘a’ is ‘0’ and the extended instruction Bit-Oriented Instructions in Indexed
set is enabled, this instruction operates Literal Offset Mode” for details.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 24.2.3 “Byte-Oriented and Cycles: 1
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. Q1 Q2 Q3 Q4
|—> Decode Read Process Write
register ‘f’ Data register ‘f
Words: 1
Cycles: 1 Example: SETF REG 1
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 REG = S5Ah
Decode Read Process Write to After ll_:Esguctlon - FFh
register ‘f Data destination B
Example 1: RRNCF REG 1, O
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF REG 0, O
Before Instruction
W = ?
REG = 1101 0111
After Instruction
W = 1110 1011
REG = 1101 0111
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SUBFSR Subtract Literal from FSR SUBULNK Subtract Literal from FSR2 and Return
Syntax: SUBFSRf, 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 Q3 Q4
FSR2 =  03FFh Decode Read Process Write to
register ‘f Data destination

After Instruction

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

Example: SUBULNK 23h
Before Instruction
FSR2 =  03FFh
PC = 0100h
After Instruction
FSR2 = 03DCh
PC = (TOS)

© 2009-2016 Microchip Technology Inc. DS40001365F-page 311



PIC18(L)F1XK22

26.3

DC Characteristics
TABLE 26-1:

SUPPLY VOLTAGE

PIC18LF1XK22

Standard Operating Conditions (unless otherwise stated)

PIC18F1XK22

Standard Operating Conditions (unless otherwise stated)

Param. | Sym. Characteristic Min. | Typ.T | Max. | Units Conditions
No.
D001 VDD Supply Voltage
PIC18LF1XK22| 1.8 — 3.6 V |Fosc <16 MHz
2.0 — 3.6 V  |Fosc <20 MHz
3.0 — 3.6 V |Fosc <64 MHz < 85°C
3.0 — 3.6 V | Fosc <48 MHz <125°C
D001 PIC18F1XK22 | 2.3 — 5.5 V | Fosc <20 MHz
3.0 — 5.5 V | Fosc <64 MHz < 85°C
3.0 — 5.5 V |Fosc <48 MHz < 125°C
D002* |VDR RAM Data Retention Voltage(
PIC18LF1XK22| 1.5 — — \% Device in Sleep mode
DO002* PIC18F1XK22 | 1.7 — — \ Device in Sleep mode
VPOR* | Power-on Reset Release Voltage — 1.6 — \%
VPORR* | Power-on Reset Rearm Voltage — 0.8 — \Y
D004* | SvbD VDD Rise Rate to ensure internal 0.05 — — | V/Ims
Power-on Reset signal
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.
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TABLE 26-9: 1/O PORTS (CONTINUED)

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Pa;\:zm. Sym. Characteristic Min. Typ.T Max. Units Conditions
VOH Output High Voltage®
D090 1/0 ports VDD-0.7 IoH = 3.5 mA, VDD = 5V
VDD-0.7 — — V |loH =3 mA, VbD = 3.3V
VDD-0.7 IOH =2 mA, VDD = VDDMIN
Capacitive Loading Specs on Output Pins
D101* | COSC2 | OSC2 pin — — 15 pF | In XT, HS and LP modes when
external clock is used to drive
0OSC1
D101A* | Cio All'1/O pins — — 50 pF
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an external
clock in RC mode.
2: Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.
4: Including OSC2 in CLKOUT mode.
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20-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

D

ANInn

L

E
E1
1] I
A
b |
. L/ | o o© y |
T
A1 ‘l
L1 |——
Units MILLIMETERS
Dimension Limits MIN NOM MAX

Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 6.90 7.20 7.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle 1) 0° 4° 8°
Lead Width b 0.22 - 0.38

2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-072B
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20-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

/f\ ~~— a4X
C]
1
— L | ———
(L1) —~——
4X B .
VIEW C
Units MILLIMETERS
Dimension Limits MIN | NoMm | MAX
Number of Pins N 20
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 12.80 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle ) 0° - -
Foot Angle 2 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom [ 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-094C Sheet 2 of 2
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APPENDIX A: REVISION HISTORY

Revision A (February 2009)
Original data sheet for PIC18(L)F1XK22 devices.

Revision B (04/2009)

Revised data sheet title; Revised Peripheral Features
section; Revised Table 3-1, Table 3-2; Revised
Example 15-1; Revised Table 21-4.

Revision C (10/2009)

Updated Table 1-1; Updated the “Electrical
Specifications” section (Figures 25-1 to 25-4; sub-
sections 25.1, 25.2, 25.3, 25.4, 25.5, 25.6, 25.7, 25.8,
Added Param No. OS09 to Table 25-2; Added Param
No. DOO3A and Note 1 to Table 25-12); Added graphs
to the “DC and AC Characteristics Graphs and Charts”
section; Other minor corrections.

Revision D (05/2010)

Revised Section 1.3 (deleted #2); Revised Figure 1-1;
Added Table 2-4; Removed register EEADRH from
Tables 3-1 and 3-2; Revised Section 5 (Data EEPROM
Memory); Updated Example 5-2 and Table 5-1;
Revised Section 13.4.4 (Enhanced PWM Auto-Shut-
down Mode); Added Note 4 below Register 13-2;
Revised Figure 16-1; Revised Equation 20-1;
Removed sub-section 20.1.3 (Output Clamped to Vss);
Updated Figure 20-1; Revised Tables 21-4 and Table
22-1; Updated Register 22-5, Figure 25-5, Table 25-2,
Table 25-8, Table 25-10 and Table 25-12; Updated the
Electrical  Specification section; Other  minor
corrections.

Revision E (10/2011)

Updated data sheet to new format; Updated the Pin
Diagrams; Updated the Electrical Specifications
section; Updated the Packaging Information section;
Updated Table B-1; Updated the Product Identification
System section; Other minor corrections.

Revision F (04/2016)

Updated Analog Features section on page 1; Updated
Tables 1-2, 3-2, 8-5, 8-6, 16-2 and 22-4; Added Note 3
to Tables 3-2, 8-1 and 8-2; Added Note 1 to Tables 9-1,
10-2, 12-1 and 17-2, and Register 8-4; Updated
Figures 3-7, 9-1 and 9-2; Updated Registers 13-2,
16-2, 19-1; Updated Section 1.1.2, 7.9 and 8.1;
Replaced chapter 20.0 (Voltage References) with
chapter 20.0 (Fixed Voltage Reference) and 21.0
(Digital-to-Analog Converter (DAC) Module); Updated
Chapter 26.0 (Electrical Specifications); Other minor
corrections.
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THE MICROCHIP WEBSITE

Microchip provides online support via our WWW site at
www.microchip.com. This website is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the website contains the following information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip website at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the website
at: http://microchip.com/support
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