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microcontrollers, differentiated by their processing power
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used in simple applications like basic control systems and
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medium-scale applications like industrial automation. 32-
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processing, such as automotive systems and sophisticated
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each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
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built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor PIC

Core Size 8-Bit

Speed 40MHz

Connectivity I²C, SPI, UART/USART

Peripherals Brown-out Detect/Reset, LVD, POR, PWM, WDT

Number of I/O 23

Program Memory Size 16KB (8K x 16)

Program Memory Type FLASH

EEPROM Size 256 x 8

RAM Size 768 x 8

Voltage - Supply (Vcc/Vdd) 2V ~ 5.5V

Data Converters A/D 5x10b

Oscillator Type External

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 28-SOIC (0.295", 7.50mm Width)

Supplier Device Package 28-SOIC

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/pic18lf242t-i-so

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/pic18lf242t-i-so-4426112
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


PIC18FXX2
4.13 STATUS Register

The STATUS register, shown in Register 4-2, contains
the arithmetic status of the ALU. The STATUS register
can be the destination for any instruction, as with any
other register. If the STATUS register is the destination
for an instruction that affects the Z, DC, C, OV, or N bits,
then the write to these five bits is disabled. These bits
are set or cleared according to the device logic. There-
fore, the result of an instruction with the STATUS
register as destination may be different than intended. 

For example, CLRF STATUS will clear the upper three
bits and set the Z bit.   This leaves the STATUS register
as 000u u1uu (where u = unchanged).

It is recommended, therefore, 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 from the
STATUS register. For other instructions not affecting
any status bits, see Table 20-2.      

REGISTER 4-2: STATUS REGISTER                      

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

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 C

bit 7 bit 0

bit 7-5 Unimplemented: Read as '0' 

bit  4 N: Negative bit 
This bit is used for signed arithmetic (2’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 (2’s complement). It indicates an overflow of the 
7-bit magnitude, which causes the sign bit (bit7) 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 
For ADDWF, ADDLW, SUBLW, and SUBWF instructions 
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 

Note: 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 bit 4 or bit 3 of the source register.

bit 0 C: Carry/borrow bit 
For ADDWF, ADDLW, SUBLW, and SUBWF instructions 

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: 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 or low order bit of the source register.

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
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5.0 FLASH PROGRAM MEMORY

The FLASH Program Memory is readable, writable,
and erasable during normal operation over the entire
VDD range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 8 bytes at a time. Program memory is erased
in blocks of 64 bytes at a time. A bulk erase operation
may not be issued from user code.

Writing or erasing program memory will cease instruc-
tion fetches until the operation is complete. The pro-
gram memory cannot be accessed during the write or
erase, therefore, code cannot execute. An internal pro-
gramming timer terminates program memory writes
and erases. 

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

5.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data
RAM: 

• Table Read (TBLRD)

• Table Write (TBLWT)

The program memory space is 16-bits wide, while the
data RAM space is 8-bits wide. Table Reads and Table
Writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table Read operations retrieve data from program
memory and places it into the data RAM space.
Figure 5-1 shows the operation of a Table Read with
program memory and data RAM.

Table Write operations store data from the data mem-
ory space into holding registers in program memory.
The procedure to write the contents of the holding reg-
isters into program memory is detailed in Section 5.5,
'”Writing to FLASH Program Memory”. Figure 5-2
shows the operation of a Table Write with program
memory and data RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block
can start and end at any byte address. If a Table Write
is being used to write executable code into program
memory, program instructions will need to be word
aligned.

FIGURE 5-1: TABLE READ OPERATION

Table Pointer(1)

Table Latch (8-bit)
Program Memory

TBLPTRH TBLPTRL
TABLAT

TBLPTRU

Instruction: TBLRD*

Note 1: Table Pointer points to a byte in program memory.

Program Memory
(TBLPTR)
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8.1 INTCON Registers

The INTCON Registers are readable and writable reg-
isters, which contain various enable, priority and flag
bits.

REGISTER 8-1: INTCON REGISTER                    

             

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.

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

GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF

bit 7 bit 0

bit 7 GIE/GIEH: Global Interrupt Enable bit
When IPEN = 0:
1 = Enables all unmasked interrupts
0 = Disables all interrupts 
When IPEN = 1:
1 = Enables all high priority interrupts 
0 = Disables all interrupts 

bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit
When IPEN = 0:
1 = Enables all unmasked peripheral interrupts 
0 = Disables all peripheral interrupts 
When IPEN = 1:
1 = Enables all low priority peripheral interrupts 
0 = Disables all low priority peripheral interrupts

bit 5 TMR0IE: TMR0 Overflow Interrupt Enable bit 
1 = Enables the TMR0 overflow interrupt 
0 = Disables the TMR0 overflow interrupt 

bit 4 INT0IE: INT0 External Interrupt Enable bit 
1 = Enables the INT0 external interrupt 
0 = Disables the INT0 external interrupt 

bit 3 RBIE: RB Port Change Interrupt Enable bit 
1 = Enables the RB port change interrupt 
0 = Disables the RB port change interrupt 

bit 2 TMR0IF: TMR0 Overflow Interrupt Flag bit 
1 = TMR0 register has overflowed (must be cleared in software) 
0 = TMR0 register did not overflow 

bit 1 INT0IF: INT0 External Interrupt Flag bit 
1 = The INT0 external interrupt occurred (must be cleared in software) 
0 = The INT0 external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit 
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software) 
0 = None of the RB7:RB4 pins have changed state

Note: A mismatch condition will continue to set this bit. Reading PORTB will end the 
mismatch condition and allow the bit to be cleared. 

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
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FIGURE 9-5: BLOCK DIAGRAM OF RB2:RB0 PINS         

FIGURE 9-6: BLOCK DIAGRAM OF RB3 PIN         
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3: The CCP2 input/output is multiplexed with RB3 if the CCP2MX bit is enabled (=’0’) in the configuration register. 
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FIGURE 9-12: PARALLEL SLAVE PORT READ WAVEFORMS         

TABLE 9-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT         

Q1 Q2 Q3 Q4

CS

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

WR

IBF

PSPIF

RD

OBF

PORTD<7:0>

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 

POR, BOR

Value on 
All Other 
RESETS

PORTD Port Data Latch when written; Port pins when read xxxx xxxx uuuu uuuu

LATD LATD Data Output bits xxxx xxxx uuuu uuuu

TRISD PORTD Data Direction bits 1111 1111 1111 1111

PORTE — — — — — RE2 RE1 RE0 ---- -000 ---- -000

LATE — — — — — LATE Data Output bits ---- -xxx ---- -uuu

TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction bits 0000 -111 0000 -111

INTCON GIE/
GIEH

PEIE/
GIEL

TMR0IF INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 0000 000u

PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 0000 0000 0000 0000

ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFG0 00-- 0000 00-- 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Parallel Slave Port.
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TABLE 11-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER        

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on

POR, BOR

Value on
 All Other 
RESETS

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 0000 000u

PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

IPR1 PSPIP(1) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 0000 0000 0000 0000

TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

T1CON RD16 — T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0-00 0000 u-uu uuuu

Legend:  x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer1 module.

Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X2 devices; always maintain these bits clear.
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REGISTER 15-5: SSPCON2: MSSP CONTROL REGISTER 2 (I2C MODE)             

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

GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN

bit 7 bit 0

bit 7 GCEN: General Call Enable bit (Slave mode only)   
1 = Enable interrupt when a general call address (0000h) is received in the SSPSR 
0 = General call address disabled

bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave 
0 = Acknowledge was received from slave 

bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only) 
1 = Not Acknowledge 
0 = Acknowledge 

Note: Value that will be transmitted when the user initiates an Acknowledge sequence at
the end of a receive. 

bit 4 ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only) 

1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit. 
Automatically cleared by hardware. 

0 = Acknowledge sequence IDLE 

bit 3 RCEN: Receive Enable bit (Master mode only) 
1 = Enables Receive mode for I2C 
0 = Receive IDLE

bit 2 PEN: STOP Condition Enable bit (Master mode only) 

1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware. 
0 = STOP condition IDLE

bit 1 RSEN: Repeated START Condition Enabled bit (Master mode only) 
1 = Initiate Repeated START condition on SDA and SCL pins. 

Automatically cleared by hardware. 
0 = Repeated START condition IDLE

bit 0 SEN: START Condition Enabled/Stretch Enabled bit

In Master mode:
1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware. 
0 = START condition IDLE
In Slave mode:
1 = Clock stretching is enabled for both Slave Transmit and Slave Receive (stretch enabled) 
0 = Clock stretching is enabled for slave transmit only (Legacy mode)

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN:  If the I2C module is not in the IDLE
mode, this bit may not be set (no spooling) and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

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
© 2006 Microchip Technology Inc. DS39564C-page 137



PIC18FXX2
15.4.2 OPERATION

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPCON<5>).

The SSPCON1 register allows control of the I2C oper-
ation. Four mode selection bits (SSPCON<3:0>) allow
one of the following I2C modes to be selected:

• I2C Master mode, clock = OSC/4 (SSPADD +1)
• I2C Slave mode (7-bit address)

• I2C Slave mode (10-bit address)
• I2C Slave mode (7-bit address), with START and 

STOP bit interrupts enabled
• I2C Slave mode (10-bit address), with START and 

STOP bit interrupts enabled
• I2C Firmware controlled master operation, slave 

is IDLE

Selection of any I2C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. To guarantee proper oper-
ation of the module, pull-up resistors must be provided
externally to the SCL and SDA pins.

15.4.3 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The MSSP module
will override the input state with the output data when
required (slave-transmitter).

The I2C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
START and STOP bits 

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
load the SSPBUF register with the received value
currently in the SSPSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

• The buffer full bit BF (SSPSTAT<0>) was set 
before the transfer was received.

• The overflow bit SSPOV (SSPCON<6>) was set 
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set. The
BF bit is cleared by reading the SSPBUF register, while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I2C specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.

15.4.3.1 Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The buffer full bit BF is set.
3. An ACK pulse is generated.
4. MSSP interrupt flag bit, SSPIF (PIR1<3>) is set

(interrupt is generated if enabled) on the falling
edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write
so the slave device will receive the second address
byte. For a 10-bit address, the first byte would equal
‘11110 A9 A8 0’, where ‘A9’ and ‘A8’ are the two
MSbs of the address. The sequence of events for 10-bit
address is as follows, with steps 7 through 9 for the
slave-transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address. If match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated START condition.
8. Receive first (high) byte of Address (bits SSPIF

and BF are set).
9. Read the SSPBUF register (clears bit BF) and

clear flag bit SSPIF.
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15.4.10 I2C MASTER MODE 
TRANSMISSION

Transmission of a data byte, a 7-bit address, or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the buffer full flag bit, BF, and allow the baud rate
generator to begin counting and start the next transmis-
sion. Each bit of address/data will be shifted out onto
the SDA pin after the falling edge of SCL is asserted
(see data hold time specification parameter 106). SCL
is held low for one baud rate generator rollover count
(TBRG). Data should be valid before SCL is released
high (see data setup time specification parameter 107).
When the SCL pin is released high, it is held that way
for TBRG. The data on the SDA pin must remain stable
for that duration and some hold time after the next fall-
ing edge of SCL. After the eighth bit is shifted out (the
falling edge of the eighth clock), the BF flag is cleared
and the master releases SDA. This allows the slave
device being addressed to respond with an ACK bit
during the ninth bit time if an address match occurred
or if data was received properly.   The status of ACK is
written into the ACKDT bit on the falling edge of the
ninth clock. If the master receives an Acknowledge, the
Acknowledge status bit, ACKSTAT, is cleared. If not,
the bit is set. After the ninth clock, the SSPIF bit is set
and the master clock (baud rate generator) is sus-
pended until the next data byte is loaded into the
SSPBUF, leaving SCL low and SDA unchanged
(Figure 15-21).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

15.4.10.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

15.4.10.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur). 

WCOL must be cleared in software.

15.4.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge (ACK
= 0), and is set when the slave does not Acknowledge
(ACK = 1). A slave sends an Acknowledge when it has
recognized its address (including a general call) or
when the slave has properly received its data.

15.4.11 I2C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
receive enable bit, RCEN (SSPCON2<3>).       

The baud rate generator begins counting, and on each
rollover, the state of the SCL pin changes (high to low/
low to high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag bit is
set, the SSPIF flag bit is set and the baud rate genera-
tor is suspended from counting, holding SCL low. The
MSSP is now in IDLE state, awaiting the next com-
mand. When the buffer is read by the CPU, the BF flag
bit is automatically cleared. The user can then send an
Acknowledge bit at the end of reception, by setting the
Acknowledge sequence enable bit, ACKEN
(SSPCON2<4>).

15.4.11.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

15.4.11.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

15.4.11.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).

Note: In the MSSP module, the RCEN bit must
be set after the ACK sequence or the
RCEN bit will be disregarded. 
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15.4.17.1 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 15-26).

b) SCL is sampled low before SDA is asserted low
(Figure 15-27).

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 15-26). 

The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,
the baud rate generator is loaded from SSPADD<6:0>
and counts down to 0. 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 15-28). 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 0, and during this time, if the SCL pins
are sampled as '0', a bus collision does not occur. At
the end of the BRG count, the SCL pin is asserted low.      

FIGURE 15-26: BUS COLLISION DURING START CONDITION (SDA ONLY)      

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 follow-
ing the START condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
START or STOP conditions.

SDA

SCL

SEN

SDA sampled low before 

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

SSP module reset into IDLE state.
SEN cleared automatically because of bus collision. 

S bit and SSPIF set because

Set SEN, enable START
condition if SDA = 1, SCL=1

SDA = 0, SCL = 1.

BCLIF

S

SSPIF

SDA = 0, SCL = 1.

SSPIF and BCLIF are
cleared in software.

SSPIF and BCLIF are
cleared in software.

Set BCLIF,

 Set BCLIF.START condition.
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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)            

BAUD
RATE
(Kbps) 

FOSC = 40 MHz SPBRG
value 

(decimal)

33 MHz SPBRG
value 

(decimal)

25 MHz SPBRG
value 

(decimal)

20 MHz SPBRG
value 

(decimal)KBAUD
%

ERROR KBAUD
%

ERROR KBAUD
%

ERROR KBAUD
%

ERROR

0.3 NA - - NA - - NA - - NA - -

1.2 NA - - NA - - NA - - NA - -

2.4 NA - - 2.40 -0.07 214 2.40 -0.15 162 2.40 +0.16 129

9.6 9.62 +0.16 64 9.55 -0.54 53 9.53 -0.76 40 9.47 -1.36 32

19.2 18.94 -1.36 32 19.10 -0.54 26 19.53 +1.73 19 19.53 +1.73 15

76.8 78.13 +1.73 7 73.66 -4.09 6 78.13 +1.73 4 78.13 +1.73 3

96 89.29 -6.99 6 103.13 +7.42 4 97.66 +1.73 3 104.17 +8.51 2

300 312.50 +4.17 1 257.81 -14.06 1 NA - - 312.50 +4.17 0

500 625 +25.00 0 NA - - NA - - NA - -

HIGH 625 - 0 515.63 - 0 390.63 - 0 312.50 - 0

LOW 2.44 - 255 2.01 - 255 1.53 - 255 1.22 - 255

BAUD
RATE
(Kbps) 

FOSC = 16 MHz SPBRG
value 

(decimal)

10 MHz SPBRG
value 

(decimal)

7.15909 MHz SPBRG
value 

(decimal)

5.0688 MHz SPBRG
value 

(decimal)KBAUD
%

ERROR KBAUD
%

ERROR KBAUD
%

ERROR KBAUD
%

ERROR

0.3 NA - - NA - - NA - - NA - -

1.2 1.20 +0.16 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65

2.4 2.40 +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32

9.6 9.62 +0.16 25 9.77 +1.73 15 9.32 -2.90 11 9.90 +3.13 7

19.2 19.23 +0.16 12 19.53 +1.73 7 18.64 -2.90 5 19.80 +3.13 3

76.8 83.33 +8.51 2 78.13 +1.73 1 111.86 +45.65 0 79.20 +3.13 0

96 83.33 -13.19 2 78.13 -18.62 1 NA - - NA - -

300 250 -16.67 0 156.25 -47.92 0 NA - - NA - -

500 NA - - NA - - NA - - NA - -

HIGH 250 - 0 156.25 - 0 111.86 - 0 79.20 - 0

LOW 0.98 - 255 0.61 - 255 0.44 - 255 0.31 - 255

BAUD
RATE
(Kbps) 

FOSC = 4 MHz SPBRG
value 

(decimal)

3.579545 MHz SPBRG
value 

(decimal)

1 MHz SPBRG
value 

(decimal)

32.768 kHz SPBRG
value 

(decimal)KBAUD
%

ERROR KBAUD
%

ERROR KBAUD
%

ERROR KBAUD
%

ERROR

0.3 0.30 -0.16 207 0.30 +0.23 185 0.30 +0.16 51 0.26 -14.67 1

1.2 1.20 +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA - -

2.4 2.40 +1.67 25 2.43 +1.32 22 2.23 -6.99 6 NA - -

9.6 8.93 -6.99 6 9.32 -2.90 5 7.81 -18.62 1 NA - -

19.2 20.83 +8.51 2 18.64 -2.90 2 15.63 -18.62 0 NA - -

76.8 62.50 -18.62 0 55.93 -27.17 0 NA - - NA - -

96 NA - - NA - - NA - - NA - -

300 NA - - NA - - NA - - NA - -

500 NA - - NA - - NA - - NA - -

HIGH 62.50 - 0 55.93 - 0 15.63 - 0 0.51 - 0

LOW 0.24 - 255 0.22 - 255 0.06 - 255 0.002 - 255
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16.4.2 USART SYNCHRONOUS SLAVE 
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode and bit SREN, which is a “don't care” in Slave
mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register,
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector.

To set up a Synchronous Slave Reception:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. If interrupts are desired, set enable bit RCIE.
3. If 9-bit reception is desired, set bit RX9.
4. To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete. An interrupt will be generated if enable bit
RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

9. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 16-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION      

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 

POR, BOR

Value on 
All Other 
RESETS

INTCON GIE/
GIEH

PEIE/
GIEL

TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 0000 000u

PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

IPR1 PSPIP(1) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 0000 0000 0000 0000

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 -00x 0000 -00x

RCREG USART Receive Register 0000 0000 0000 0000

TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 0000 -010

SPBRG Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, - = unimplemented, read as '0'. 
Shaded cells are not used for Synchronous Slave Reception.

Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X2 devices; always maintain these bits 
clear.
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REGISTER 19-4: CONFIGURATION REGISTER 3 HIGH (CONFIG3H: BYTE ADDRESS 300005h)              

 

REGISTER 19-5: CONFIGURATION REGISTER 4 LOW (CONFIG4L: BYTE ADDRESS 300006h)                

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/P-1

— — — — — — — CCP2MX

bit 7 bit 0

bit 7-1 Unimplemented: Read as ‘0’ 

bit 0 CCP2MX: CCP2 Mux bit
1 = CCP2 input/output is multiplexed with RC1 
0 = CCP2 input/output is multiplexed with RB3 

Legend:

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

- n = Value when device is unprogrammed u = Unchanged from programmed state

R/P-1 U-0 U-0 U-0 U-0 R/P-1 U-0 R/P-1

BKBUG — — — — LVP — STVREN

bit 7 bit 0

bit 7 DEBUG: Background Debugger Enable bit
1 = Background Debugger disabled. RB6 and RB7 configured as general purpose I/O pins. 
0 = Background Debugger enabled. RB6 and RB7 are dedicated to In-Circuit Debug.

bit 6-3 Unimplemented: Read as ‘0’ 

bit 2 LVP: Low Voltage ICSP Enable bit

1 = Low Voltage ICSP enabled 
0 = Low Voltage ICSP disabled 

bit 1 Unimplemented: Read as ‘0’ 

bit 0 STVREN: Stack Full/Underflow Reset Enable bit
1 = Stack Full/Underflow will cause RESET 
0 = Stack Full/Underflow will not cause RESET 

Legend:

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

- n = Value when device is unprogrammed u = Unchanged from programmed state
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PIC18FXX2
FIGURE 22-12: EXAMPLE SPI MASTER MODE TIMING (CKE = 0)       

TABLE 22-11: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)    

Param. 
No.

Symbol Characteristic Min Max Units Conditions

70 TssL2scH, 
TssL2scL

SS↓ to SCK↓ or SCK↑ input TCY — ns

71 TscH SCK input high time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

71A Single Byte 40 — ns (Note 1)

72 TscL SCK input low time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

72A Single Byte 40 — ns (Note 1)

73 TdiV2scH, 
TdiV2scL

Setup time of SDI data input to SCK edge 100 — ns

73A TB2B Last clock edge of Byte1 to the 1st clock edge of Byte2 1.5 TCY + 40 — ns (Note 2)

74 TscH2diL, 
TscL2diL

Hold time of SDI data input to SCK edge 100 — ns

75 TdoR SDO data output rise time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

76 TdoF SDO data output fall time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

78 TscR SCK output rise time 
(Master mode)

PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

79 TscF SCK output fall time (Master mode) PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

80 TscH2doV,
TscL2doV

SDO data output valid after SCK 
edge

PIC18FXXX — 50 ns

PIC18LFXXX — 150 ns VDD = 2V

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

73
74

75, 76

7879
80

7978

MSb LSbbit6 - - - - - -1

MSb In LSb Inbit6 - - - -1

Note: Refer to Figure 22-4 for load conditions.
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FIGURE 22-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)      

TABLE 22-12: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)     

Param. 
No.

Symbol Characteristic Min Max Units Conditions

71 TscH SCK input high time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

71A Single Byte 40 — ns (Note 1)

72 TscL SCK input low time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

72A Single Byte 40 — ns (Note 1)

73 TdiV2scH, 
TdiV2scL

Setup time of SDI data input to SCK edge 100 — ns

73A TB2B Last clock edge of Byte1 to the 1st clock edge of Byte2 1.5 TCY + 40 — ns (Note 2)

74 TscH2diL, 
TscL2diL

Hold time of SDI data input to SCK edge 100 — ns

75 TdoR SDO data output rise time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

76 TdoF SDO data output fall time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

78 TscR SCK output rise time (Master mode) PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

79 TscF SCK output fall time (Master mode) PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

80 TscH2doV,
TscL2doV

SDO data output valid after SCK 
edge

PIC18FXXX — 50 ns

PIC18LFXXX — 150 ns VDD = 2V

81 TdoV2scH,
TdoV2scL

SDO data output setup to SCK edge TCY — ns

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

81

71 72

74

75, 76

78

80

MSb

79
73

MSb In

bit6 - - - - - -1

LSb Inbit6 - - - -1

LSb

Note: Refer to Figure 22-4 for load conditions.
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FIGURE 22-14: EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)      

TABLE 22-13: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING (CKE = 0))     

Param. No. Symbol Characteristic Min Max Units Conditions

70 TssL2scH, 
TssL2scL

SS↓ to SCK↓ or SCK↑ input TCY — ns

71 TscH SCK input high time (Slave mode) Continuous 1.25 TCY + 30 — ns

71A Single Byte 40 — ns (Note 1)

72 TscL SCK input low time (Slave mode) Continuous 1.25 TCY + 30 — ns

72A Single Byte 40 — ns (Note 1)

73 TdiV2scH, 
TdiV2scL

Setup time of SDI data input to SCK edge 100 — ns

73A TB2B Last clock edge of Byte1 to the first clock edge of Byte2 1.5 TCY + 40 — ns (Note 2)

74 TscH2diL, 
TscL2diL

Hold time of SDI data input to SCK edge 100 — ns

75 TdoR SDO data output rise time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

76 TdoF SDO data output fall time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

77 TssH2doZ SS↑ to SDO output hi-impedance 10 50 ns

78 TscR SCK output rise time (Master mode) PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

79 TscF SCK output fall time (Master mode) PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

80 TscH2doV,
TscL2doV

SDO data output valid after SCK edge PIC18FXXX — 50 ns

PIC18LFXXX — 150 ns VDD = 2V

83 TscH2ssH,
TscL2ssH

SS ↑ after SCK edge 1.5 TCY + 40 — ns

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

73
74

75, 76 77

787980

7978

SDI

MSb LSbbit6 - - - - - -1

MSb In bit6 - - - -1 LSb In

83

Note: Refer to Figure 22-4 for load conditions.
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FIGURE 22-16: I2C BUS START/STOP BITS TIMING         

TABLE 22-15: I2C BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)  

FIGURE 22-17: I2C BUS DATA TIMING         

Note: Refer to Figure 22-4 for load conditions.

91

92

93
SCL

SDA

START
Condition

STOP
Condition

90

Param. 
No.

Symbol Characteristic Min Max Units Conditions

90 TSU:STA START condition 100 kHz mode 4700 — ns Only relevant for Repeated 
START conditionSetup time 400 kHz mode 600 —

91 THD:STA START condition 100 kHz mode 4000 — ns After this period, the first 
clock pulse is generatedHold time 400 kHz mode 600 —

92 TSU:STO STOP condition 100 kHz mode 4700 — ns

Setup time 400 kHz mode 600 —

93 THD:STO STOP condition 100 kHz mode 4000 — ns

Hold time 400 kHz mode 600 —

Note: Refer to Figure 22-4 for load conditions.

90

91 92

100

101

103

106 107

109 109
110

102

SCL

SDA
In

SDA
Out
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FIGURE 22-20: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING       

TABLE 22-19: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS     

FIGURE 22-21: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING        

TABLE 22-20: USART SYNCHRONOUS  RECEIVE REQUIREMENTS       

121 121

120
122

RC6/TX/CK

RC7/RX/DT
pin

pin

Note: Refer to Figure 22-4 for load conditions.

Param. 
No.

Symbol Characteristic Min Max Units Conditions

120 TckH2dtV SYNC XMIT (MASTER & SLAVE)
Clock high to data out valid PIC18FXXX — 50 ns

PIC18LFXXX — 150 ns VDD = 2V

121 Tckr Clock out rise time and fall time 
(Master mode)

PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

122 Tdtr Data out rise time and fall time PIC18FXXX — 25 ns

PIC18LFXXX — 60 ns VDD = 2V

125

126

RC6/TX/CK

RC7/RX/DT

pin

pin

Note: Refer to Figure 22-4 for load conditions.

Param. 
No.

Symbol Characteristic Min Max Units Conditions

125 TdtV2ckl SYNC RCV (MASTER & SLAVE)
Data hold before CK ↓ (DT hold time) 10 — ns

126 TckL2dtl Data hold after CK ↓ (DT hold time) PIC18FXXX 15 — ns

PIC18LFXXX 20 — ns VDD = 2V
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FIGURE 23-17: TYPICAL AND MAXIMUM ΔITMR1 vs. VDD OVER TEMPERATURE (-10°C TO +70°C, 
TIMER1 WITH OSCILLATOR, XTAL = 32 kHz, C1 AND C2 = 47 pF)

FIGURE 23-18: TYPICAL AND MAXIMUM ΔIWDT vs. VDD OVER TEMPERATURE (WDT ENABLED)
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FIGURE 23-21: TYPICAL, MINIMUM AND MAXIMUM VOH vs. IOH (VDD = 5V, -40°C TO +125°C)

FIGURE 23-22: TYPICAL, MINIMUM AND MAXIMUM VOH vs. IOH (VDD = 3V, -40°C TO +125°C)
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