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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC18(L)F1XK22
3.3.5 STATUS REGISTER

The STATUS register, shown in Register 3-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction. 

If the STATUS register is the destination for an
instruction that affects the Z, DC, C, OV or N bits, the
results of the instruction are not written; instead, the
STATUS register is updated according to the
instruction performed. Therefore, the result of an
instruction with the STATUS register as its destination
may be different than intended. As an example, CLRF
STATUS will set the Z bit and leave the remaining
Status bits unchanged (‘000u u1uu’). 

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOVWF instructions are used to alter the STATUS
register, because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register. 

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 24-2 and
Table 24-3.      

Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in
subtraction.

REGISTER 3-2: STATUS: STATUS REGISTER

U-0 U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x

— — — N OV Z DC(1) C(1)

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 7-5 Unimplemented: Read as ‘0’

bit 4 N: Negative bit 
This bit is used for signed arithmetic (two’s complement). It indicates whether the result was negative 
(ALU MSB = 1).

1 = Result was negative 
0 = Result was positive

bit 3 OV: Overflow bit 
This bit is used for signed arithmetic (two’s complement). It indicates an overflow of the 7-bit 
magnitude which causes the sign bit (bit 7 of the result) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation) 
0 = No overflow occurred 

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions)(1)

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)(1)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the 
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order 
bit of the source register.
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REGISTER 7-9: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 U-0 R/W-1 U-0

OSCFIP C1IP C2IP EEIP BCLIP — TMR3IP —

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 OSCFIP: Oscillator Fail Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 C1IP: Comparator C1 Interrupt Priority bit

1 = High priority
0 = Low priority

bit 5 C2IP: Comparator C2 Interrupt Priority bit

1 = High priority
0 = Low priority

bit 4 EEIP: Data EEPROM/Flash Write Operation Interrupt Priority bit 

1 = High priority
0 = Low priority

bit 3 BCLIP: Bus Collision Interrupt Priority bit 

1 = High priority
0 = Low priority

bit 2 Unimplemented: Read as ‘0’

bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit 

1 = High priority
0 = Low priority

bit 0 Unimplemented: Read as ‘0’
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PIC18(L)F1XK22
8.0 I/O PORTS

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 I/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 I/O
pins are driving.

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

FIGURE 8-1: GENERIC I/O PORT 
OPERATION   

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.

Data
Bus

WR LAT

WR TRIS

RD Port

Data Latch

TRIS Latch

RD TRIS

Input
Buffer

I/O pin(1)

QD

CK

QD

CK

EN

Q D

EN

RD LAT

or Port

Note 1: I/O pins have diode protection to VDD and VSS.
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FIGURE 13-9: EXAMPLE OF FULL-BRIDGE PWM OUTPUT

Period

Pulse Width

P1A(2)

P1B(2)

P1C(2)

P1D(2)

Forward Mode

(1)

Period

Pulse Width

P1A(2)

P1C(2)

P1D(2)

P1B(2)

Reverse Mode

(1)

(1)(1)

Note 1: At this time, the TMR2 register is equal to the PR2 register.

2: Output signal is shown as active-high.
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14.2.3 ENABLING SPI I/O

To enable the serial port, SSP Enable bit, SSPEN of the
SSPCON1 register, must be set. To reset or
reconfigure SPI mode, clear the SSPEN bit, reinitialize
the SSPCON registers and then set the SSPEN bit.
This configures the SDI, SDO, SCK and SS pins as
serial port pins. For the pins to behave as the serial port
function, some must have their data direction bits (in
the TRIS register) appropriately programmed as
follows:

• SDI is automatically controlled by the SPI module 

• SDO must have corresponding TRIS bit cleared

• SCK (Master mode) must have corresponding 
TRIS bit cleared

• SCK (Slave mode) must have corresponding 
TRIS bit set 

• SS must have corresponding TRIS bit set 

Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

14.2.4 TYPICAL CONNECTION

Figure 14-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their
programmed clock edge and latched on the opposite
edge of the clock. Both processors should be
programmed to the same Clock Polarity (CKP), then
both controllers would send and receive data at the
same time. Whether the data is meaningful (or dummy
data) depends on the application software. This leads
to three scenarios for data transmission:

• Master sends data–Slave sends dummy data

• Master sends data–Slave sends data

• Master sends dummy data–Slave sends data

FIGURE 14-2: TYPICAL SPI MASTER/SLAVE CONNECTION    

Serial Input Buffer
(SSPBUF)

Shift Register
(SSPSR)

MSb LSb

SDO

SDI

Processor 1

SCK

SPI Master SSPM<3:0> = 00xx

Serial Input Buffer
(SSPBUF)

Shift Register
(SSPSR)

LSbMSb

SDI

SDO

Processor 2

SCK

SPI Slave SSPM<3:0> = 010x

Serial Clock

SS
Slave Select

General I/O
(optional)
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14.3.3.4 SSP Mask Register

An SSP Mask (SSPMSK) register is available in I2C
Slave mode as a mask for the value held in the
SSPSR register during an address comparison
operation. A zero (‘0’) bit in the SSPMSK register has
the effect of making the corresponding bit in the
SSPSR register a “don’t care”.

This register is reset to all ‘1’s upon any Reset
condition and, therefore, has no effect on standard
SSP operation until written with a mask value.

This register must be initiated prior to setting
SSPM<3:0> bits to select the I2C Slave mode (7-bit or
10-bit address).

The SSP Mask register is active during:

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

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

             

REGISTER 14-6: SSPMSK: SSP MASK REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSK0(1)

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 7-1 MSK<7:1>: Mask bits

1 = The received address bit n is compared to SSPADD<n> to detect I2C address match
0 = The received address bit n is not used to detect I2C address match

bit 0 MSK<0>: Mask bit for I2C Slave mode, 10-bit Address(1)

I2C Slave mode, 10-bit Address (SSPM<3:0> = 0111):
1 = The received address bit 0 is compared to SSPADD<0> to detect I2C address match
0 = The received address bit 0 is not used to detect I2C address match

Note 1: The MSK0 bit is used only in 10-bit Slave mode. In all other modes, this bit has no effect.
DS40001365F-page 146  2009-2016 Microchip Technology Inc.
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14.3.5 GENERAL CALL ADDRESS 
SUPPORT

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

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all ‘0’s with R/W = 0.

The general call address is recognized when the
GCEN bit of the SSPCON2 is set. Following a Start bit
detect, eight bits are shifted into the SSPSR and the
address is compared against the SSPADD. It is also
compared to the general call address and fixed in
hardware. 

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit) and on the falling edge of the ninth bit (ACK bit), the
SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the
interrupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match and the UA
bit of the SSPSTAT register is set. If the general call
address is sampled when the GCEN bit is set, while the
slave is configured in 10-bit Address mode, then the
second half of the address is not necessary, the UA bit
will not be set and the slave will begin receiving data
after the Acknowledge (Figure 14-15). 

FIGURE 14-15: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE 
(7 OR 10-BIT ADDRESS MODE)          

SDA

SCL

S

SSPIF

BF (SSPSTAT<0>)

SSPOV (SSPCON1<6>)

Cleared by software

SSPBUF is read

R/W = 0

ACKGeneral Call Address

Address is compared to General Call Address

GCEN (SSPCON2<7>)

Receiving Data ACK

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

D7 D6 D5 D4 D3 D2 D1 D0

after ACK, set interrupt

‘0’

‘1’
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14.3.9 I2C MASTER MODE REPEATED 
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
of the SSPCON2 register is programmed high and the
I2C logic module is in the Idle state. When the RSEN bit
is set, the SCL pin is asserted low. When the SCL pin
is sampled low, the Baud Rate Generator is loaded and
begins counting. The SDA pin is released (brought
high) for one Baud Rate Generator count (TBRG). When
the Baud Rate Generator times out, if SDA is sampled
high, the SCL pin will be deasserted (brought high).
When SCL is sampled high, the Baud Rate Generator
is reloaded and begins counting. SDA and SCL must
be sampled high for one TBRG. This action is then
followed by assertion of the SDA pin (SDA = 0) for one
TBRG while SCL is high. Following this, the RSEN bit of
the SSPCON2 register will be automatically cleared
and the Baud Rate Generator will not be reloaded,
leaving the SDA pin held low. As soon as a Start
condition is detected on the SDA and SCL pins, the S
bit of the SSPSTAT register will be set. The SSPIF bit
will not be set until the Baud Rate Generator has timed
out. 

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode or the default first address in 10-bit mode. After the
first eight bits are transmitted and an ACK is received,
the user may then transmit an additional eight bits of
address (10-bit mode) or eight bits of data (7-bit mode).

14.3.9.1 WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).      

FIGURE 14-20: REPEAT START CONDITION WAVEFORM       

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if: 

• SDA is sampled low when SCL goes 
from low-to-high.

• SCL goes low before SDA is 
asserted low. This may indicate that 
another master is attempting to 
transmit a data ‘1’.

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of SSP-
CON2 is disabled until the Repeated Start
condition is complete.

SDA

SCL

Sr = Repeated Start

Write to SSPCON2 

Write to SSPBUF occurs hereon falling edge of ninth clock,
end of Xmit

At completion of Start bit, 
hardware clears RSEN bit

1st bit

S bit set by hardware

TBRG

TBRG

SDA = 1,

SDA = 1, 

SCL (no change).

SCL = 1
occurs here.

TBRG TBRG TBRG

     and sets SSPIF

RSEN bit set by hardware
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FIGURE 14-24: STOP CONDITION RECEIVE OR TRANSMIT MODE       

14.3.14 SLEEP OPERATION

While in Sleep mode, the I2C Slave module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

14.3.15 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

14.3.16 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the I2C bus may
be taken when the P bit of the SSPSTAT register is set,
or the bus is Idle, with both the S and P bits clear. When
the bus is busy, enabling the SSP interrupt will
generate the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed by
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:

• Address Transfer 

• Data Transfer

• A Start Condition 

• A Repeated Start Condition

• An Acknowledge Condition

14.3.17 MULTI -MASTER COMMUNICATION, 
BUS COLLISION AND BUS 
ARBITRATION

Multi-Master mode support is achieved by bus
arbitration. When the master outputs address/data bits
onto the SDA pin, arbitration takes place when the
master outputs a ‘1’ on SDA, by letting SDA float high
and another master asserts a ‘0’. When the SCL pin
floats high, data should be stable. If the expected data
on SDA is a ‘1’ and the data sampled on the SDA pin =
0, then a bus collision has taken place. The master will
set the Bus Collision Interrupt Flag, BCLIF and reset
the I2C port to its Idle state (Figure 14-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the I2C
bus is free, the user can resume communication by
asserting a Start condition. 

If a Start, Repeated Start, Stop or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are deasserted and the respective control bits in
the SSPCON2 register are cleared. When the user
services the bus collision Interrupt Service Routine and
if the I2C bus is free, the user can resume
communication by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the
determination of when the bus is free. Control of the I2C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is Idle and the S and P bits are
cleared.

SCL

SDA

SDA asserted low before rising edge of clock

Write to SSPCON2,
set PEN

Falling edge of

SCL = 1 for TBRG, followed by SDA = 1 for TBRG

9th clock

SCL brought high after TBRG

Note: TBRG = one Baud Rate Generator period.

TBRG TBRG

after SDA sampled high. P bit (SSPSTAT<4>) is set. 

TBRG

to setup Stop condition

ACK

P

TBRG

PEN bit (SSPCON2<2>) is cleared by
   hardware and the SSPIF bit is set
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15.0 ENHANCED UNIVERSAL 
SYNCHRONOUS 
ASYNCHRONOUS RECEIVER 
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is a serial I/O
communications peripheral. It contains all the clock
generators, shift registers and data buffers necessary
to perform an input or output serial data transfer
independent of device program execution. The
EUSART, also known as a Serial Communications
Interface (SCI), can be configured as a full-duplex
asynchronous system or half-duplex synchronous
system. Full-Duplex mode is useful for
communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

The EUSART module includes the following capabilities:

• Full-duplex asynchronous transmit and receive

• Two-character input buffer

• One-character output buffer

• Programmable 8-bit or 9-bit character length

• Address detection in 9-bit mode

• Input buffer overrun error detection

• Received character framing error detection

• Half-duplex synchronous master

• Half-duplex synchronous slave

• Programmable clock and data polarity

The EUSART module implements the following
additional features, making it ideally suited for use in
Local Interconnect Network (LIN) bus systems:

• Automatic detection and calibration of the baud rate

• Wake-up on Break reception

• 13-bit Break character transmit

Block diagrams of the EUSART transmitter and
receiver are shown in Figure 15-1 and Figure 15-2.

FIGURE 15-1: EUSART TRANSMIT BLOCK DIAGRAM      

TXIF

TXIE

Interrupt

TXEN

TX9D

MSb LSb

Data Bus

TXREG Register

Transmit Shift Register (TSR)

(8) 0

TX9

TRMT SPEN

TX/CK pin

Pin Buffer
and Control

8

SPBRGSPBRGH

BRG16

FOSC
÷ n

n

+ 1 Multiplier x4 x16 x64

SYNC 1 X 0 0 0

BRGH X 1 1 0 0

BRG16 X 1 0 1 0

Baud Rate Generator

 • • •
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REGISTER 23-6: CONFIG5L: CONFIGURATION REGISTER 5 LOW

U-0 U-0 U-0 U-0 U-0 U-0 R/C-1 R/C-1

— — — — — — CP1 CP0

bit 7 bit 0

Legend:

R = Readable bit U = Unimplemented bit, read as ‘0’

-n = Value when device is unprogrammed C = Clearable only bit

bit 7-2 Unimplemented: Read as ‘0’

bit 1 CP1: Code Protection bit
1 = Block 1 not code-protected 
0 = Block 1 code-protected 

bit 0 CP0: Code Protection bit
1 = Block 0 not code-protected 
0 = Block 0 code-protected

REGISTER 23-7: CONFIG5H: CONFIGURATION REGISTER 5 HIGH

R/C-1 R/C-1 U-0 U-0 U-0 U-0 U-0 U-0

CPD CPB — — — — — —

bit 7 bit 0

Legend:

R = Readable bit U = Unimplemented bit, read as ‘0’

-n = Value when device is unprogrammed C = Clearable only bit

bit 7 CPD: Data EEPROM Code Protection bit
1 = Data EEPROM not code-protected
0 = Data EEPROM code-protected

bit 6 CPB: Boot Block Code Protection bit
1 = Boot block not code-protected
0 = Boot block code-protected

bit 5-0 Unimplemented: Read as ‘0’
 2009-2016 Microchip Technology Inc. DS40001365F-page 255
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ANDWF AND W with f

Syntax: ANDWF      f {,d {,a}}

Operands: 0  f  255
d [0,1]
a [0,1]

Operation: (W) .AND. (f)  dest

Status Affected: N, Z

Encoding: 0001 01da ffff ffff

Description: The contents of W are AND’ed with 
register ‘f’. 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 (default). 
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 24.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: ANDWF REG, 0, 0

Before Instruction

W = 17h
REG = C2h

After Instruction

W = 02h
REG = C2h

BC Branch if Carry

Syntax: BC    n

Operands: -128  n  127

Operation: if CARRY bit is ‘1’
(PC) + 2 + 2n  PC

Status Affected: None

Encoding: 1110 0010 nnnn nnnn

Description: If the CARRY bit is ‘1’, then the program 
will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 
PC + 2 + 2n. This instruction is then a 
2-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
If Jump:

Q1 Q2 Q3 Q4

Decode Read literal 
‘n’

Process 
Data

Write to PC

No 
operation

No 
operation

No 
operation

No 
operation

If No Jump:

Q1 Q2 Q3 Q4

Decode Read literal 
‘n’

Process 
Data

No 
operation

Example: HERE BC 5

Before Instruction
PC = address (HERE)

After Instruction
If CARRY = 1;

PC = address (HERE + 12)
If CARRY = 0;

PC = address (HERE + 2)
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RLNCF Rotate Left f (No Carry)

Syntax:  RLNCF     f {,d {,a}}

Operands: 0  f  255
d  [0,1]
a  [0,1]

Operation: (f<n>)  dest<n + 1>,
(f<7>)  dest<0>

Status Affected: N, Z

Encoding: 0100 01da ffff ffff

Description: The contents of register ‘f’ are rotated 
one bit to the left. If ‘d’ is ‘0’, the result 
is placed 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 (default). 
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 24.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: RLNCF REG, 1, 0

Before Instruction
REG = 1010 1011

After Instruction
REG = 0101 0111

register f

RRCF Rotate Right f through Carry

Syntax: RRCF    f {,d {,a}}

Operands: 0  f  255
d  [0,1]
a  [0,1]

Operation: (f<n>)  dest<n – 1>,
(f<0>)  C,
(C)  dest<7>

Status Affected: C, N, Z

Encoding: 0011 00da ffff ffff

Description: The contents of register ‘f’ are rotated 
one bit to the right through the CARRY 
flag. If ‘d’ is ‘0’, the result is placed in W. 
If ‘d’ is ‘1’, the result is placed 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 (default). 
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 24.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: RRCF REG, 0, 0

Before Instruction
REG = 1110 0110
C = 0

After Instruction
REG = 1110 0110
W = 0111 0011
C = 0

C register f
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SUBLW Subtract W from literal

Syntax: SUBLW   k

Operands: 0 k 255

Operation: k – (W) W

Status Affected: N, OV, C, DC, Z

Encoding: 0000 1000 kkkk kkkk

Description W is subtracted from the 8-bit 
literal ‘k’. The result is placed in W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
literal ‘k’

Process 
Data

Write to W

Example 1: SUBLW 02h

Before Instruction
W = 01h
C = ?

After Instruction
W = 01h
C = 1      ; result is positive
Z = 0
N = 0

Example 2: SUBLW 02h

Before Instruction
W = 02h
C = ?

After Instruction
W = 00h
C = 1      ; result is zero
Z = 1
N = 0

Example 3: SUBLW 02h

Before Instruction
W = 03h
C = ?

After Instruction
W = FFh ; (2’s complement)
C = 0 ; result is negative
Z = 0
N = 1

SUBWF Subtract W from f

Syntax: SUBWF    f {,d {,a}}

Operands: 0 f 255
d  [0,1]
a  [0,1]

Operation: (f) – (W) dest

Status Affected: N, OV, C, DC, Z

Encoding: 0101 11da ffff ffff

Description: Subtract W from register ‘f’ (2’s 
complement method). If ‘d’ is ‘0’, the 
result is stored in W. If ‘d’ is ‘1’, the 
result is stored back in register ‘f’ 
(default). 
If ‘a’ is ‘0’, the Access Bank is 
selected. If ‘a’ is ‘1’, the BSR is used 
to select the GPR bank (default). 
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 24.2.3 
“Byte-Oriented and Bit-Oriented 
Instructions in Indexed Literal Offset 
Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example 1: SUBWF   REG, 1, 0

Before Instruction
REG = 3
W = 2
C = ?

After Instruction
REG = 1
W = 2
C = 1 ; result is positive
Z = 0
N = 0

Example 2: SUBWF   REG, 0, 0

Before Instruction
REG = 2
W = 2
C = ?

After Instruction
REG = 2
W = 0
C = 1 ; result is zero
Z = 1
N = 0

Example 3: SUBWF   REG, 1, 0

Before Instruction
REG = 1
W = 2
C = ?

After Instruction
REG = FFh ;(2’s complement)
W = 2
C = 0 ; result is negative
Z = 0
N = 1
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MOVSS Move Indexed to Indexed

Syntax: MOVSS   [zs], [zd]

Operands: 0  zs  127
0  zd  127

Operation: ((FSR2) + zs)  ((FSR2) + zd)

Status Affected: None

Encoding:
1st word (source)
2nd word (dest.)

1110
1111

1011
xxxx

1zzz
xzzz

zzzzs
zzzzd

Description The contents of the source register are 
moved to the destination register. The 
addresses of the source and destination 
registers are determined by adding the 
7-bit literal offsets ‘zs’ or ‘zd’, 
respectively, to the value of FSR2. Both 
registers can be located anywhere in 
the 4096-byte data memory space 
(000h to FFFh).
The MOVSS instruction cannot use the 
PCL, TOSU, TOSH or TOSL as the 
destination register.
If the resultant source address points to 
an indirect addressing register, the 
value returned will be 00h. If the 
resultant destination address points to 
an indirect addressing register, the 
instruction will execute as a NOP.

Words: 2

Cycles: 2

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Determine 
source addr

Determine
source addr

Read 
source reg

Decode Determine
dest addr

Determine
dest addr

Write 
to dest reg

Example: MOVSS [05h], [06h]

Before Instruction
FSR2 = 80h
Contents
of 85h = 33h
Contents
of 86h = 11h

After Instruction
FSR2 = 80h
Contents
of 85h = 33h
Contents
of 86h = 33h

PUSHL Store Literal at FSR2, Decrement FSR2

Syntax: PUSHL k

Operands: 0k  255

Operation: k  (FSR2),
FSR2 – 1  FSR2

Status Affected: None

Encoding: 1110 1010 kkkk kkkk

Description: The 8-bit literal ‘k’ is written to the data 
memory address specified by FSR2. FSR2 
is decremented by 1 after the operation. 
This instruction allows users to push values 
onto a software stack.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read ‘k’ Process
data

Write to
destination

Example: PUSHL 08h

Before Instruction
FSR2H:FSR2L = 01ECh
Memory (01ECh) = 00h

After Instruction
FSR2H:FSR2L = 01EBh
Memory (01ECh) = 08h
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SUBFSR Subtract Literal from FSR 

Syntax: SUBFSR f, k

Operands: 0  k  63

f  [ 0, 1, 2 ]

Operation: FSR(f) – k  FSRf

Status Affected: None

Encoding: 1110 1001 ffkk kkkk

Description: The 6-bit literal ‘k’ is subtracted from 
the contents of the FSR specified by 
‘f’.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: SUBFSR 2, 23h

Before Instruction
FSR2 = 03FFh

After Instruction
FSR2 = 03DCh

SUBULNK Subtract Literal from FSR2 and Return

Syntax: SUBULNK   k

Operands: 0  k  63

Operation: FSR2 – k  FSR2

(TOS) PC

Status Affected: None

Encoding: 1110 1001 11kk kkkk

Description: The 6-bit literal ‘k’ is subtracted from the 
contents of the FSR2. A RETURN is then 
executed by loading the PC with the TOS. 
The instruction takes two cycles to 
execute; a NOP is performed during the 
second cycle.
This may be thought of as a special case of 
the SUBFSR instruction, where f = 3 (binary 
‘11’); it operates only on FSR2. 

Words: 1

Cycles: 2

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

No
Operation

No
Operation

No
Operation

No
Operation

Example: SUBULNK 23h

Before Instruction
FSR2 = 03FFh
PC = 0100h

After Instruction
FSR2 = 03DCh
PC = (TOS)
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26.2 Standard Operating Conditions

The standard operating conditions for any device are defined as:

Operating Voltage: VDDMIN VDD VDDMAX

Operating Temperature: TA_MIN TA TA_MAX

VDD — Operating Supply Voltage(1)

PIC18LF1XK22

VDDMIN (Fosc  16 MHz).......................................................................................................... +1.8V

VDDMIN (Fosc  20 MHz).......................................................................................................... +2.0V

VDDMIN (Fosc  64 MHz).......................................................................................................... +3.0V

VDDMAX .................................................................................................................................... +3.6V

PIC18F1XK22

VDDMIN (Fosc  20 MHz).......................................................................................................... +2.3V

VDDMIN (Fosc  64 MHz).......................................................................................................... +3.0V

VDDMAX .................................................................................................................................... +5.5V

TA — Operating Ambient Temperature Range

Industrial Temperature

TA_MIN ......................................................................................................................................  -40°C

TA_MAX ....................................................................................................................................  +85°C

Extended Temperature

TA_MIN ......................................................................................................................................  -40°C

TA_MAX ..................................................................................................................................  +125°C

Note 1: See Parameter D001, DC Characteristics: Supply Voltage.
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26.3 DC Characteristics  

TABLE 26-1: SUPPLY VOLTAGE

PIC18LF1XK22 Standard Operating Conditions (unless otherwise stated)

PIC18F1XK22 Standard Operating Conditions (unless otherwise stated)

Param. 
No.

Sym. Characteristic Min. Typ.† Max. Units Conditions

D001 VDD Supply Voltage

PIC18LF1XK22 1.8
2.0
3.0
3.0

—
—
—
—

3.6
3.6
3.6
3.6

V
V
V
V

FOSC  16 MHz
FOSC 20 MHz
FOSC  64 MHz  85°C
FOSC  48 MHz  125°C

D001 PIC18F1XK22 2.3
3.0
3.0

—
—
—

5.5
5.5
5.5

V
V
V

FOSC  20 MHz
FOSC  64 MHz  85°C
FOSC  48 MHz  125°C

D002* VDR RAM Data Retention Voltage(1)

PIC18LF1XK22 1.5 — — V Device in Sleep mode

D002* PIC18F1XK22 1.7 — — V Device in Sleep mode

VPOR* Power-on Reset Release Voltage — 1.6 — V

VPORR* Power-on Reset Rearm Voltage — 0.8 — V

D004* SVDD VDD Rise Rate to ensure internal 
Power-on Reset signal

0.05 — — V/ms

* These parameters are characterized but not tested.
† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.
Note 1: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.
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FIGURE 26-12: TIMER0 AND TIMER1 EXTERNAL CLOCK TIMINGS

T0CKI

T1CKI

40 41

42

45 46

47 49

TMR0 or
TMR1

TABLE 26-17: TIMER0 AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)

Param. 
No.

Sym. Characteristic Min. Typ.† Max. Units Conditions

40* TT0H T0CKI High-Pulse Width No Prescaler 0.5 TCY + 20 — — ns

With Prescaler 10 — — ns  

41* TT0L T0CKI Low-Pulse Width No Prescaler 0.5 TCY + 20 — — ns  

With Prescaler 10 — — ns  

42* TT0P T0CKI Period Greater of:
20 or TCY + 40

         N

— — ns N = prescale value 
(2, 4, ..., 256)

45* TT1H T1CKI 
High Time

Synchronous, No Prescaler 0.5 TCY + 20 — — ns  

Synchronous, with Prescaler 15 — — ns  

Asynchronous 30 — — ns  

46* TT1L T1CKI 
Low Time

Synchronous, No Prescaler 0.5 TCY + 20 — — ns  

Synchronous, with Prescaler 15 — — ns  

Asynchronous 30 — — ns  

47* TT1P T1CKI 
Input 
Period 

Synchronous Greater of:
30 or TCY + 40

          N

— — ns N = prescale value 
(1, 2, 4, 8)

Asynchronous 60 — — ns  

48 FT1 Timer1 Oscillator Input Frequency Range 
(oscillator enabled by setting bit T1OS-
CEN)

32.4 32.76
8 

33.1 kHz

49* TCKEZTMR1 Delay from External Clock Edge to Timer 
Increment

2 TOSC — 7 TOSC — Timers in Sync 
mode

* These parameters are characterized but not tested.
† Data in “Typ” column is at 3V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.
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FIGURE 27-5: PIC18LF1XK22 ICOMP – TYPICAL IPD FOR COMPARATOR IN LOW-POWER 
MODE

FIGURE 27-6: PIC18LF1XK22 ICOMP – TYPICAL IPD FOR COMPARATOR IN HIGH-POWER 
MODE 
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