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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

64MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
35

8KB (4K x 16)

FLASH

256 x 8

512 x 8

2.3V ~ 5.5V

A/D 30x10b

Internal

-40°C ~ 85°C (TA)
Surface Mount
40-UFQFN Exposed Pad
40-UQFN (5x5)
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PIC18(L)F2X/4XK22

TABLE 2: PIC18(L)F2XK22 PIN SUMMARY
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2 | 27 | RAD ANO | C12INO-
3 | 28 | RAL AN1 | C12IN1-
4 1 RA2 AN2 C2IN+ VREF-
DACOUT
5 2 RA3 AN3 C1IN+ VREF+
3 RA4 c10ouUT SRQ CCP5 TOCKI
7 4 RA5 AN4 C20UT SRNQ | HLVDIN Ss1
10 | 7 RA6 0sc2
CLKO
9 6 RA7 0osc1
CLKI
21 | 18 | RBO | AN12 SRI CCP4 SS2 INTO | Y
FLTO
22 | 19 | RB1 | AN10 | C12IN3- P1C SCK2 INTL | Y
SCL2
23 | 20 | RB2 AN8 CTED1 P1B SDI2 INT2 | Y
SDA2
24 | 21 | RB3 AN9 | C12IN2- | CTED2 CCP2 SDO2 Y
p2A®
25 | 22 | RB4 | AN11 P1D T5G 10C Y
26 | 23 | RB5 | AN13 cCcP3 T1G 10C Y
p3A® T3CKI®
p2B®
27 | 24 | RB6 TX2/CK2 10C Y PGC
28 | 25 | RB7 RX2/DT2 10C Y PGD
1 8 RCO p2B®) SOSCO
TICKI
T3CKI®
T3G
12 | 9 RC1 CCP2 soscl
p2A®
13 | 10 | RC2 | AN14 CTPLS CcCP1 T5CKI
P1A
14 | 11 | RC3 | AN15 SCK1
SCL1
15 | 12 | RC4 | AN16 SDI1
SDA1
16 | 13 | RC5 | AN17 SDO1
17 | 14 | RC6 | AN18 CCP3 | TX1/CK1
P3AX)
18 | 15 | RC7 | AN19 P3B RX1/DT1
1 | 26 | RE3 MCLR
VPP
8,19|5,16 Vss Vss
19 | 16
20 17 VDD VDD

Note 1: CCP2/P2A multiplexed in fuses.
T3CKI multiplexed in fuses.
P2B multiplexed in fuses.
CCP3/P3A multiplexed in fuses.

Awn
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2.13 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, RC and RCIO).

FIGURE 2-10: FSCM BLOCK DIAGRAM
Clock Monitor
c | Latch
xternal
Clock ¢ =St Q
r— - — — = — — 1
| |LFINTOSC , ||
| | Oscillator =64 | ™R Q
| 31kHz 488 Hz | |
| (~32 ps) (~2 ms)
| Sample Clock | Clock
- - - — _— __ _ .
Failure
Detected

2.131 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 2-10). Inside the fall
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.

2.13.2 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> bhits of the OSCCON
register. This allows the internal oscillator to be
configured before a failure occurs.

2.13.3 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.

2.13.4 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.

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.

Note:  When the device is configured for Fail-
Safe clock monitoring in either HS, XT, or
LS Oscillator modes then the IESO config-
uration bit should also be set so that the
clock will automatically switch from the
internal clock to the external oscillator
when the OST times out.
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PIC18(L)F2X/4XK22

4.5 Brown-out Reset (BOR)

PIC18(L)F2X/4XK22 devices implement a BOR circuit
that provides the user with a number of configuration and
power-saving options. The BOR is controlled by the
BORV<1:0> and BOREN<1:0> bits of the CONFIG2L
Configuration register. There are a total of four BOR
configurations which are summarized in Table 4-1.

The BOR threshold is set by the BORV<1:0> bits. If
BOR is enabled (any values of BOREN<1:0>, except
‘00’), any drop of VDD below VBOR for greater than
TBoOR will reset the device. A Reset may or may not
occur if VDD falls below VBOR for less than TBOR. The
chip will remain in Brown-out Reset until VDD rises
above VBOR.

If the Power-up Timer is enabled, it will be invoked after
VDD rises above VBOR; it then will keep the chip in
Reset for an additional time delay, TPWRT. If VDD drops
below VBOR while the Power-up Timer is running, the
chip will go back into a Brown-out Reset and the
Power-up Timer will be initialized. Once VDD rises
above VBOR, the Power-up Timer will execute the
additional time delay.

BOR and the Power-on Timer (PWRT) are
independently configured. Enabling BOR Reset does
not automatically enable the PWRT.

The BOR circuit has an output that feeds into the POR
circuit and rearms the POR within the operating range
of the BOR. This early rearming of the POR ensures
that the device will remain in Reset in the event that VDD
falls below the operating range of the BOR circuitry.

451 DETECTING BOR

When BOR is enabled, the BOR bit always resets to ‘0’
on any BOR or POR event. This makes it difficult to
determine if a BOR event has occurred just by reading
the state of BOR alone. A more reliable method is to
simultaneously check the state of both POR and BOR.
This assumes that the POR and BOR bits are reset to
‘1’ by software immediately after any POR event. If
BOR is ‘0’ while POR is ‘1’, it can be reliably assumed
that a BOR event has occurred.

45.2 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
SBOREN control bit of the RCON register. Setting
SBOREN enables the BOR to function as previously
described. Clearing SBOREN disables the BOR
entirely. The SBOREN bit operates only in this mode;
otherwise it is read as ‘0.

Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to the
environment without having to reprogram the device to
change BOR configuration. It also allows the user to
tailor device power consumption in software by
eliminating the incremental current that the BOR
consumes. While the BOR current is typically very small,
it may have some impact in low-power applications.

Note: Even when BOR is under software
control, the BOR Reset voltage level is still
set by the BORV<1:0> Configuration bits.

It cannot be changed by software.

45.3 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, the BOR remains under
hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

454 MINIMUM BOR ENABLE TIME

Enabling the BOR also enables the Fixed Voltage
Reference (FVR) when no other peripheral requiring the
FVR is active. The BOR becomes active only after the
FVR stabilizes. Therefore, to ensure BOR protection,
the FVR settling time must be considered when
enabling the BOR in software or when the BOR is
automatically enabled after waking from Sleep. If the
BOR is disabled, in software or by reentering Sleep
before the FVR stabilizes, the BOR circuit will not sense
a BOR condition. The FVRST bit of the VREFCONO
register can be used to determine FVR stability.
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REGISTER 9-17:

IPR4: PERIPHERAL INTERRUPT PRIORITY REGISTER 4

uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0

= = = = — CCP5IP CCP4IP CCP3IP
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 7-3 Unimplemented: Read as ‘0’

bit 2 CCP5IP: CCPS5 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1 CCPA4IP: CCP4 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 0 CCP3IP: CCP3 Interrupt Priority bit

REGISTER 9-18:

1 = High priority
0 = Low priority

IPR5: PERIPHERAL INTERRUPT PRIORITY REGISTER 5

uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0

— — — — — TMRG6IP TMR5IP TMRA4IP
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 7-3 Unimplemented: Read as ‘0’
bit 2 TMRG6IP: TMR6 to PR6 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR5IP: TMRS5 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMRA4IP: TMR4 to PR4 Match Interrupt Priority bit

1 = High priority
0 = Low priority

DS40001412G-page 124

© 2010-2016 Microchip Technology Inc.




PIC18(L)F2X/4XK22

TABLE 10-5: PORTB I/O SUMMARY (CONTINUED)

Pin Function TR.IS ANS.EL Pin Buffer Description
Setting | Setting | Type Type
RB2/INT2/CTED1/ RB2 0 0 o DIG | LATB<2> data output; not affected by analog input.
Z;l?}/SDIZ/SDAZ/ 1 0 | TTL | PORTB<2> data input; disabled when analog input
enabled.
INT2 1 0 | ST | External interrupt 2.
CTED1 1 0 | ST |CTMU Edge 1 input.
P1B® 0 0 o) DIG |Enhanced CCP1 PWM output 2.
spi2® 1 0 I ST |MSSP2 SPI data input.
spA20 0 0 o) DIG |MSSP2 I2C data output.
1 0 I 1’C | MSSP2 I°C data input.
AN8 1 1 | AN | Analog input 8.
RB3/CTED2/P2A/ RB3 0 0 (0] DIG |LATB<3> data output; not affected by analog input.
gf;ig&?\g 1 0 | TTL | PORTB<3> data input; disabled when analog input
enabled.
CTED2 1 0 | ST |CTMU Edge 2 input.
P2A 0 0 (0] DIG |Enhanced CCP1 PWM output 1.
ccp2® 0 0 o] DIG | Compare 2 output/PWM 2 output.
1 0 | ST | Capture 2 input.
spo2 0 0 o] DIG |MSSP2 SPI data output.
C12IN2- 1 1 | AN | Comparators C1 and C2 inverting input.
AN9 1 1 | AN | Analog input 9.
RB4/I0CO/P1D/ RB4 0 0 O DIG | LATB<4> data output; not affected by analog input.
T5G/ANI1 1 0 | TTL | PORTB<4> data input; disabled when analog input
enabled.
10CO 1 0 | TTL | Interrupt-on-change pin.
P1D 0 0 (0] DIG |Enhanced CCP1 PWM output 4.
T5G 1 0 | ST | Timer5 external clock gate input.
AN11 1 1 | AN | Analog input 11.
RB5/I0C1/P2B/ RB5 0 0 o DIG | LATB<5> data output; not affected by analog input.
_';ié’/iﬁfgmc*(” 1 0 | TTL |PORTB<5> data input; disabled when analog input
enabled.
10C1 1 0 | TTL | Interrupt-on-change pin 1.
p2BME) 0 0 o) DIG |Enhanced CCP2 PWM output 2.
p3a® 0 0 o) DIG |Enhanced CCP3 PWM output 1.
ccp3® 0 0 o) DIG | Compare 3 output/PWM 3 output.
1 0 | ST | Capture 3 input.
T3CKI@ 1 0 I ST | Timer3 clock input.
T1G 1 0 | ST | Timerl external clock gate input.
AN13 1 1 | AN | Analog input 13.

Legend: AN = Analog input or output; TTL = TTL compatible input; HV = High Voltage; OD = Open Drain; XTAL = Crystal; CMOS =
CMOS compatible input or output; ST = Schmitt Trigger input with CMOS levels; I°C = Schmitt Trigger input with 1°C.
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.
3:  Function on PORTD and PORTE for PIC18(L)F4XK22 devices.
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FIGURE 12-7: TIMER1/3/5 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE

TMRXGE
TxGPOL
TXGSPM

TXGTM

Cleared by hardware on
TXGGO/ \4— Set by software ‘ ¢ falling edge of TXGVAL
DONE

Counting enabled on
rising edge of TxG

2] i I I B B B B e

TXGVAL | ; |

TIMER1/3/5 N N+1>< N+2>< N+3I>< N+ 4

Set by hardware on Cleared by
TMRxGlF“‘* Cleared by software falling edge of TXGVAL mware

12.12 Peripheral Module Disable

When a peripheral module is not used or inactive, the
module can be disabled by setting the Module Disable
bit in the PMD registers. This will reduce power con-
sumption to an absolute minimum. Setting the PMD
bits holds the module in Reset and disconnects the
module’s clock source. The Module Disable bits for
Timerl (TMR1MD), Timer3 (TMR3MD) and Timer5
(TMR5MD) are in the PMDO Register. See Section 3.0
“Power-Managed Modes” for more information.
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14.2.4 SPECIAL EVENT TRIGGER

When Special Event Trigger mode is selected
(CCPxM<3:0>=1011), and a match of the
TMRxH:TMRxL and the CCPRxH:CCPRXxL registers
occurs, all CCPx and ECCPx modules will immediately:

» Set the CCP interrupt flag bit — CCPxIF

¢ CCP5 will start an ADC conversion, if the ADC is
enabled

On the next TimerX rising clock edge:

» A Reset of TimerX register pair occurs —
TMRxH: TMRxL = 0x0000,

This Special Event Trigger mode does not:

 Assert control over the CCPx or ECCPXx pins.

» Set the TMRXIF interrupt bit when the
TMRxH:TMRXL register pair is reset. (TMRxIF
gets set on a TimerX overflow.)

If the value of the CCPRxH:CCPRXL registers are
modified when a match occurs, the user should be
aware that the automatic reset of TimerX occurs on the
next rising edge of the clock. Therefore, modifying the
CCPRxH:CCPRXxL registers before this reset occurs
will allow the TimerX to continue without being reset,
inadvertently resulting in the next event being
advanced or delayed.

The Special Event Trigger mode allows the
CCPRxH:CCPRXxL register pair to effectively provide a
16-bit programmable period register for TimerX.

14.2.5 COMPARE DURING SLEEP

The Compare mode is dependent upon the system
clock (Fosc) for proper operation. Since Fosc is shut
down during Sleep mode, the Compare mode will not
function properly during Sleep.

TABLE 14-5: REGISTERS ASSOCIATED WITH COMPARE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁggzt;
CCP1CON P1M<1:0> DC1B<1:0> CCP1M<3:0> 198
CCP2CON P2M<1:0> DC2B<1:0> CCP2M<3:0> 198
CCP3CON P3M<1:0> DC3B<1:0> CCP3M<3:0> 198
CCP4CON — — DC4B<1:0> CCP4M<3:0> 198
CCP5CON — — DC5B<1:0> CCP5M<3:0> 198
CCPR1H Capture/Compare/PWM Register 1 High Byte (MSB) —
CCPRI1L Capture/Compare/PWM Register 1 Low Byte (LSB) _
CCPR2H Capture/Compare/PWM Register 2 High Byte (MSB) —
CCPR2L Capture/Compare/PWM Register 2 Low Byte (LSB) —
CCPR3H Capture/Compare/PWM Register 3 High Byte (MSB) —
CCPR3L Capture/Compare/PWM Register 3 Low Byte (LSB) —
CCPR4H Capture/Compare/PWM Register 4 High Byte (MSB) —
CCPR4L Capture/Compare/PWM Register 4 Low Byte (LSB) —
CCPR5H Capture/Compare/PWM Register 5 High Byte (MSB) —
CCPR5L Capture/Compare/PWM Register 5 Low Byte (LSB) —
CCPTMRSO C3TSEL<1:0> — C2TSEL<1:0> — C1TSEL<1:0> 201
CCPTMRS1 = = = = C5TSEL<1:0> CATSEL<1:0> 201
INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 121
Legend: — = Unimplemented location, read as ‘0’. Shaded bits are not used by Compare mode.

Note 1: These registers/bits are available on PIC18(L)F4XK22 devices.
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15.2.3 SPI MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCKx line. The master
determines when the slave (Processor 2, Figure 15-5)
is to broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPxBUF register is written to. If the SPI
is only going to receive, the SDOx output could be dis-
abled (programmed as an input). The SSPxSR register
will continue to shift in the signal present on the SDIx
pin at the programmed clock rate. As each byte is
received, it will be loaded into the SSPxBUF register as
if a normal received byte (interrupts and Status bits
appropriately set).

The clock polarity is selected by appropriately
programming the CKP bit of the SSPxCONL1 register
and the CKE bit of the SSPxSTAT register.

FIGURE 15-6:

This then, would give waveforms for SPI
communication as shown in Figure 15-6, Figure 15-8,
Figure 15-9 and Figure 15-10, where the MSB is
transmitted first. In Master mode, the SPI clock rate (bit
rate) is user programmable to be one of the following:

» Fosc/4 (or Tey)

» Fosc/16 (or 4 * Tcy)

» Fosc/64 (or 16 * Tcy)

e Timer2 output/2

» Fosc/(4 * (SSPxADD + 1))

Figure 15-6 shows the waveforms for Master mode.

When the CKE bit is set, the SDOXx data is valid before
there is a clock edge on SCKx. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPxBUF is loaded with the received
data is shown.

SPI MODE WAVEFORM (MASTER MODE)

Write to

SSPxBUF l

SCKx
(CKP=0

CKE =0)

SCKx
(CKP =1

CKE =0)

4 Clock
Modes

SCKx
(CKP =0

CKE =1)

SCKx
(CKP=1

CKE =1)

SDOx

| | | | | | |
bit 7 |>< bit6!>< bit 5 |>< bit4 | bit3 | X bit2 X bit1!>< bit 0|

(CKE = 0)

SDOx

99—

(CKE = 1)

SDIx
(SMP =0) | pit7 | I |

Input |
Sample . T

I\ | I | I
bit 7 X bit6 > bit5 X bit4 X bit3 X bit2
I I I I I

(SMP = 0) ! ' ' '
SDIx

(SMP = 1) ::j C:; C:j <::> <::> <::> <::> <:t>

| bit 7 bit 0
TR N S S N S SN S S
(SMP = 1) , I
SSPxIF
SSPxSR to *
SSPXBUF
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FIGURE 23-3:

HIGH-VOLTAGE DETECT OPERATION (VDIRMAG = 1)

CASE 1:
HLVDIF may not be set

——————— /—\ ————————ﬂ——————————— VHLVD
VDD |

HLVDIF

Enable HLVD

|
|
IRVST '« TIRVST ]

CASE 2:

Internal Reference is stable

HLVDIF cleared in software

HLVDIF

_________j____________t ————————————— VHLVD
VDD

Enable HLVD

|
|
IRVST '« TIRVST |

Internal Reference is stable J

HLVDIF cleared in software

HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists

23.6 Applications

In many applications, it is desirable to detect a drop
below, or rise above, a particular voltage threshold. For
example, the HLVD module could be periodically
enabled to detect Universal Serial Bus (USB) attach or
detach. This assumes the device is powered by a lower
voltage source than the USB when detached. An attach
would indicate a high-voltage detect from, for example,
3.3V to 5V (the voltage on USB) and vice versa for a
detach. This feature could save a design a few extra
components and an attach signal (input pin).

For general battery applications, Figure 23-4 shows a
possible voltage curve. Over time, the device voltage
decreases. When the device voltage reaches voltage
VA, the HLVD logic generates an interrupt at time, TA.
The interrupt could cause the execution of an ISR,
which would allow the application to perform “house-
keeping tasks” and a controlled shutdown before the
device voltage exits the valid operating range at TB.
This would give the application a time window,
represented by the difference between TA and T, to
safely exit.

TYPICAL LOW-VOLTAGE
DETECT APPLICATION

FIGURE 23-4:

Voltage

Time

Legend: Va =HLVD trip point
VB = Minimum valid device
operating voltage
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BZ Branch if Zero CALL Subroutine Call
Syntax: BZ n Syntax: CALL k{s}
Operands: -128 <n <127 Operands: 0<k<1048575
Operation: if ZERO bit is ‘1’ s<[0.1]
(PC)+2+2n—>PC Operation: (PC) +4 - TOS,
Status Affected: None :; :_P1C<20:1>’
Encoding: ‘ 1110 | 0000 ‘ nnnn | nnnn ‘ (W) > WS,
Description: If the ZERO bit is ‘1’, then the program (Status) — STATUSS,
will branch. (BSR) —» BSRS
The 2's complement number ‘2n’ is Status Affected: None
added to the PC. Since the PC will .
have incremented to fetch the next EnCOd'Tjg'k ) Kokkk | kkkk
instruction, the new address will be Lst word ( <7'9>) 1110 110s 7 0
PC + 2 + 2n. This instruction is then a 2nd word(k<19:8>) 1111 | kqgkkk | kkkk kkkkg
2-cycle instruction. Description: Subroutine call of entire 2-Mbyte
Words: 1 memory range. First, return address
(PC + 4) is pushed onto the return
Cycles: 12) stack. If ‘s’ = 1, the W, STATUS and
Q Cycle Activity: BSR registers are also pushed into their
If Jump: respective shadow registers, WS,
o1 Q2 Q3 Q4 STATUSS and BSRS. If 's’ = 0, no
p d literal - update occurs (default). Then, the
Decode Reak ’|tera P::c;cess Write to PC 20-bit value 'k’ is loaded into PC<20:1>.
n ata CALL is a 2-cycle instruction.
No No No No Words: 2
operation operation operation operation oras:
If No Jump: Cycles: 2
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode Read literal Process No Q1 Q2 Q3 Q4
Ll Data operation Decode | Read literal | PUSHPCto | Read literal
‘K'<7:0>, stack ‘k'<19:8>,
Example: HERE BZ Junp Write to PC
Before Instruction No_ No_ NO. No.
PC = address (HERE) operation operation operation operation
After Instruction
If ZERO = 1 Example: HERE CALL THERE, 1
PC = address (Junp) .
If ZERO = 0; Before Instruction
PC = address (HERE + 2) PC = address (HERE)
After Instruction
PC = address ( THERE)
TOS = address (HERE + 4)
WS = W
BSRS = BSR
STATUSS=  Status
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PIC18(L)F2X/4XK22

TABLE 27-12: TIMERO AND TIMER1/3/5 EXTERNAL CLOCK REQUIREMENTS

Pe:\:gm. Symbol Characteristic Min Max | Units | Conditions
40 TtOH TOCKI High Pulse Width No prescaler 0.5Tcy + 20 — ns
With prescaler 10 — ns
41 TtOL TOCKI Low Pulse Width No prescaler 0.5Tcy + 20 — ns
With prescaler 10 — ns
42 TtOP TOCKI Period No prescaler Tcy + 10 — ns
With prescaler Greater of: — ns | N = prescale
20 ns or value
(Tey + 40)/N 1,2, 4,..., 256)
45 TtlH TxCKI High | Synchronous, no prescaler 0.5Tcy + 20 — ns
Time Synchronous, 10 — ns
with prescaler
Asynchronous 30 — ns
46 TtlL TXCKI Low Synchronous, no prescaler 05Tcy +5 — ns
Time Synchronous, 10 — ns
with prescaler
Asynchronous 30 — ns
47 Tt1P TxCKI Input | Synchronous Greater of: — ns | N = prescale
Period 20 ns or value (1, 2, 4, 8)
(Tcy + 40)/N
Asynchronous 60 — ns
Ftl TxCKI Clock Input Frequency Range DC 50 kHz
48 Tcke2tmrl | Delay from External TxCKI Clock Edge to Timer 2 Tosc 7 Tosc —
Increment
FIGURE 27-12: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)

Note:

(Capture Mode)

CCPx

CCPx

(Compare or PWM Mode)

Refer to Figure 27-6 for load conditions.
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PIC18(L)F2X/4XK22

TABLE 27-21: A/D CONVERTER CHARACTERISTICS:PIC18(L)F2X/4XK22

Standard Operating Conditions (unless otherwise stated)
PIC18(L)F2X/axK22 Operating temperature Tested at +25°C
Pal\zzlm. Symbol Characteristic Min Typ Max Units Conditions
A01 NR Resolution — — 10 bits | AVREF = 3.0V
AO3 EiL Integral Linearity Error — +0.5 +1 LSb | AVREF = 3.0V
A04 EbL Differential Linearity Error — 0.5 +1 LSb |[AVREF = 3.0V
A06 EOFF Offset Error — 0.7 +2 LSb |AVREF = 3.0V
A07 EGN Gain Error — 0.7 +2 LSb | AVREF = 3.0V
A08 EToTL | Total Error — +0.8 +3 LSb |AVREF = 3.0V
A20 AVREF | Reference Voltage Range 2 — VDD \%
(VREFH — VREFL)
A21 VREFH | Reference Voltage High VDD/2 — VpD + 0.3 \Y,
A22 VREFL | Reference Voltage Low Vss - 0.3V — \VDD/2 \%
A25 VAIN Analog Input Voltage VREFL — VREFH \Y
A30 ZAN Recommended Impedance of — — 3 kQ
Analog Voltage Source
Note:  The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
FIGURE 27-23: A/D CONVERSION TIMING
BSF ADCONO, GOX .
—>,  <— (Note2) .
: 131 .
Q4 [T - :
- — ! 130 '——— .
ADCLK «—132» [ [
A/D DATA j :><9><8><7><---><---><2><1><0
ADRES Lo OLD_DATA >< NEW_DATA
ADIF '
GO : DONE
SAMPLE ' .
SAMPLING STOPPED
Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts.
This allows the SLEEP instruction to be executed.
2: This is a minimal RC delay (0.5TAD), which also disconnects the holding capacitor from the analog input.
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PIC18(L)F2X/4XK22

FIGURE 28-22: PIC18F2X/4XK22 TYPICAL Ipb: RC_RUN LF-INTOSC 31 kHz
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FIGURE 28-23: PIC18F2X/4XK22 MAXIMUM IpD: RC_RUN LF-INTOSC 31 kHz
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PIC18(L)F2X/4XK22

FIGURE 28-30: PIC18LF2X/4XK22 TYPICAL IpD: RC_RUN HF-INTOSC with PLL
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FIGURE 28-31: PIC18LF2X/4XK22 MAXIMUM Ipp: RC_RUN HF-INTOSC with PLL
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PIC18(L)F2X/4XK22

FIGURE 28-42: PIC18F2X/4XK22 TYPICAL Ipb: RC_IDLE HF-INTOSC
1

16 MHz

0.9 e —

0.8

0.7

/ / 8 MHz
0.6
/ / 4 MHz
0.5
L~ 2 MHz
/ 1 MHz
0.4 | —

0.3 r r " "
23 2.7 3.1 3.5 3.9 4.3 4.7 5.1 5.5

VDD (V)

IDD (MA)

FIGURE 28-43: PIC18F2X/4XK22 MAXIMUM IpD: RC_IDLE HF-INTOSC
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PIC18(L)F2X/4XK22

FIGURE 28-80:  PIC18(L)F2X/4XK22 TTL BUFFER INPUT LOW VOLTAGE
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FIGURE 28-81:  PIC18(L)F2X/4XK22 SCHMITT TRIGGER BUFFER INPUT LOW VOLTAGE
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PIC18(L)F2X/4XK22

FIGURE 28-92: PIC18LF2X/4XK22 COMPARATOR OFFSET VOLTAGE,
LOW-POWER MODE; Vbb=1.8V
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PIC18(L)F2X/4XK22

28-Lead Plastic Quad Flat, No Lead Package (ML) - 6x6 mm Body [QFN]
With 0.55 mm Terminal Length

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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PIC18(L)F2X/4XK22

28-Lead Plastic Ultra Thin Quad Flat, No Lead Package (MV) — 4x4x0.5 mm Body [UQFN]

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

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Pins N 28
Pitch e 0.40 BSC
Overall Height A 0.45 0.50 0.55
Standoff A1l 0.00 0.02 0.05
Contact Thickness A3 0.127 REF
Overall Width E 4.00 BSC
Exposed Pad Width E2 255 | 265 | 275
Overall Length D 4.00 BSC
Exposed Pad Length D2 2.55 2.65 2.75
Contact Width b 0.15 0.20 0.25
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
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 C04-152A Sheet 2 of 2
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PIC18(L)F2X/4XK22

40-Lead Ultra Thin Plastic Quad Flat, No Lead Package (MV) — 5x5x0.5 mm Body [UQFN]

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

Units MILLIMETERS

Dimension Limits|  MIN [ NOM | MAX
Number of Pins N 40
Pitch e 0.40 BSC
Overall Height A 0.45 0.50 0.55
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.127 REF
Overall Width E 5.00 BSC
Exposed Pad Width E2 360 | 370 | 380
Overall Length D 5.00 BSC
Exposed Pad Length D2 3.60 3.70 3.80
Contact Width b 0.15 0.20 0.25
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
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.
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