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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, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, HLVD, POR, PWM, WDT
25

128KB (64K x 16)

FLASH

1K x 8

8K x 8

1.8V ~ 3.6V

A/D 24x12b; D/A 1x5b

Internal

-40°C ~ 125°C (TA)

Surface Mount

28-SSOP (0.209", 5.30mm Width)
28-SSOP
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Pin Allocation Tables

TABLE 1: 28-PIN ALLOCATION TABLE (PIC18(L)F2XK42)
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RAO 2 | 27 ANAO — — C1INO- | — — — — — — — — cLCINo™ — — I0CAO —
C2INO-
RA1 3 | 28 ANA1 — — C1INT- | — — — — — — — — cLcINT™ — — IOCA1 —
C2IN1-
RA2 4 | 1 ANA2 VREF- | DAC1OUT1 | C1INO+ | — — — — — - — — — — - 10CA2 -
C2INO+
RA3 5| 2 ANA3 VREF+ — CAINT+ | — — — — MDCARL(" — — — — — — I0CA3 —
RA4 6 | 3 ANA4 = = = = = = = MDCARH(") ToCKI™M = = = = = 10CA4 =
RA5 7| 4 ANA5 — — — — — ss1t) — MDSRC(") — — — — — — I0CA5 —
RA6 10| 7 ANA6 — — — — — — — — — — — — — — 10CA6 0SC2
CLKOUT
RA7 9| 6 ANA7 — — — — — — — — — — — — — — I0CA7 0sC1
CLKIN
RBO 21 | 18 ANBO = — C2IN1+ | ZCD — = = = — ccpa) CWG1IN(M = = — INTO( —
10CBO
RB1 22 | 19 ANB1 — — C1IN3- | — | scL2G4 — — — — — cwaG2INM — — — INT1() —
C2IN3- 10CB1
RB2 23 | 20 ANB2 = — = — | spa2t4) = = = — — CWG3IN™M = = — INT2(1) —
10CB2
RB3 24 | 21 ANB3 — — C1IN2- | — — — — — — — — — — — 10CB3 —
C2IN2-
RB4 | 25 | 22 ANB4 = — = = — = = = T5G(" — = = = — 10CB4 —
ADCACT("
RB5 26 | 23 ANB5 — — — — — — — — T16M ccpath — — — — 10CB5 —
RB6 27 | 24 ANB6 — — — — — — crs2 — — — — cLcinz™ — — I0CB6 | ICSPCLK
RB7 28 | 25 ANB7 — DAC10UT2 — — — — Rx2(" — TEIN(1) — — CLCIN3™ — — I0CB7 | ICSPDAT
Note 1: This is a PPS remappable input signal. The input function may be moved from the default location shown to one of several other PORTx pins.
2: All output signals shown in this row are PPS remappable.
3: This is a bidirectional signal. For normal module operation, the firmware should map this signal to the same pin in both the PPS input and PPS output registers.
4: These pins can be configured for 12C and SMB™ 3.0/2.0 logic levels; The SCLx/SDAX signals may be assigned to any of the RB1/RB2/RC3/RC4 pins. PPS assignments to the other pins (e.g., RA5) will operate, but input logic levels

will be standard TTL/ST as selected by the INLVL register, instead of the 12C specific or SMBUS input buffer thresholds.
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REGISTER 9-11:  PIR8: PERIPHERAL INTERRUPT REGISTER 8(")

R/W/HS-0/0  R/W/HS-0/0 uU-0 uU-0 uU-0 u-0 uU-0 U-0
TMR5GIF | TMR5IF — — - — | - —

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS = Bit is set in hardware
bit 7 TMR5GIF: TMR5 Gate Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 6 TMRSIF: TMRS5 Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 5-0 Unimplemented: Read as ‘0’

Note 1: Interrupt flag bits get 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.

REGISTER 9-12: PIR9: PERIPHERAL INTERRUPT REGISTER 9(")

uU-0 uU-0 uU-0 u-0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0
= = = = CLC3IF CWG3IF CCP3IF TMRG6IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3 CLC3IF: CLC3 Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 2 CWG3IF: CWGS3 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 1 CCP3IF: CCP3 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 0 TMRG6IF: TMRG6 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 145




PIC18(L)F26/27/45/46/47/55/56/57K42

REGISTER 9-24: PIE10: PERIPHERAL INTERRUPT ENABLE REGISTER 10

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0
= = = = = = CLC4IE CCP4IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 CLCA4IE: CLC4 Interrupt Enable bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 0 CCPA4IE: CCP4 Interrupt Enable bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 156
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REGISTER 11-2: WDTCON1: WATCHDOG TIMER CONTROL REGISTER 1

U-0 RWE)-g/q RWE)-g/q" RWE)-g/g" U-0 RW®#)-g/q@ RW®#-g/q@ RW®#)-g/q
- CS<2:0> - WINDOW<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6-4 CS<2:0>: Watchdog Timer Clock Select bits
111 = Reserved
011 = Reserved
010 = SOSC
001 = MFINTOSC 31.25 kHz
000 = LFINTOSC 31 kHz
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WINDOW-<2:0>: Watchdog Timer Window Select bits
Window dela Window openin
WINDOW<2:0> Percent of timye Percent o': timeg
111 N/A 100
110 12.5 87.5
101 25 75
100 375 62.5
011 50 50
010 62.5 375
001 75 25
000 87.5 12.5

Note 1: [If WDTCCS <2:0>in CONFIG3H = 111, the Reset value of CS<2:0> is 000.

2: The Reset value of WINDOW<2:0> is determined by the value of WDTCWS<2:0> in the CONFIG3H
register.

3: IfWDTCCS<2:0> in CONFIG3H # 111, these bits are read-only.
4: 1f WDTCWS<2:0>in CONFIG3H # 111, these bits are read-only.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 183
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13.3.3 READING THE DATA EEPROM
MEMORY

To read a data memory location, the user must write the
address to the NVMADRL and NVMADRH register
pair, clear REG<1:0> control bit in NVMCON1 register
to access Data EEPROM locations and then set control
bit, RD. The data is available on the very next
instruction cycle; therefore, the NVMDAT register can
be read by the next instruction. NVMDAT will hold this
value until another read operation, or until it is written to
by the user (during a write operation).

The basic process is shown in Example 13-5.

FIGURE 13-11: DATA EEPROM READ

FLOWCHART

< Start Read Operation )

v

‘ Select EEPROM Memory (REG) |

v

Select Word Address
(NVMADRH:NVMADRL)

v

Initiate Read Operation
(RD=1)

v

Data read now in
NVMDAT

v

( End Read Operation >

13.3.4 WRITING TO THE DATA EEPROM
MEMORY

To write an EEPROM data location, the address must
first be written to the NVMADRL and NVMADRH
register pair and the data written to the NVMDAT
register. The sequence in Example 13-6 must be
followed to initiate the write cycle.

The write will not begin if NVM Unlock sequence,
described in  Section 13.1.4 “NVM Unlock
Sequence”, is not exactly followed for each byte. It is
strongly recommended that interrupts be disabled
during this code segment.

Additionally, the WREN bit in NVMCON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code
execution (i.e., runaway programs). The WREN bit
should be kept clear at all times, except when updating
the EEPROM. The WREN bit is not cleared by
hardware.

After a write sequence has been initiated, NVMCON1,
NVMADRL, NVMADRH and NVMDAT cannot be
modified. The WR bit will be inhibited from being set
unless the WREN bit is set. Both WR and WREN
cannot be set with the same instruction.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. A single Data
EEPROM word is written and the operation includes an
implicit erase cycle for that word (it is not necessary to
set FREE). CPU execution continues in parallel and at
the completion of the write cycle, the WR bit is cleared
in hardware and the NVM Interrupt Flag bit (NVMIF) is
set. The user can either enable this interrupt or poll this
bit. NVMIF must be cleared by software.

© 2017 Microchip Technology Inc.
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REGISTER 14-3:

CRCDATH: CRC DATA HIGH BYTE REGISTER

R/W-xx R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
DATA<15:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged
‘1’ = Bit is set

X = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

REGISTER 14-4:

DATA<15:8>: CRC Input/Output Data bits

CRCDATL: CRC DATA LOW BYTE REGISTER

R/W-xx R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
DATA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

DATA<7:0>: CRC Input/Output Data bits
Writing to this register fills the shifter.

REGISTER 14-5:

CRCACCH: CRC ACCUMULATOR HIGH BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACC<15:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

ACC<15:8>:

CRC Accumulator Register bits

© 2017 Microchip Technology Inc.
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15.9.6 ABORT TRIGGER, MESSAGE
COMPLETE

The AIRQEN needs to be set in order for the DMA to
sample Abort Interrupt sources. When an abort
interrupt is received the SIRQEN bit is cleared and the
AIRQEN bit is cleared to avoid receiving further abort

triggers.

FIGURE 15-10: ABORT AT THE END OF MESSAGE
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16.2.6 INPUT THRESHOLD CONTROL

The INLVLx register (Register 16-8) controls the input
voltage threshold for each of the available PORTx input
pins. A selection between the Schmitt Trigger CMOS or
the TTL compatible thresholds is available. The input
threshold is important in determining the value of a read
of the PORTXx register and also the level at which an
interrupt-on-change occurs, if that feature is enabled.
See Table 44-6 for more information on threshold
levels.

Note:  Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

16.2.7 WEAK PULL-UP CONTROL

The WPUx register (Register 16-5) controls the
individual weak pull-ups for each port pin.

16.2.8 EDGE SELECTABLE
INTERRUPT-ON-CHANGE

An interrupt can be generated by detecting a signal at
the port pin that has either a rising edge or a falling
edge. Any individual pin can be configured to generate
an interrupt. The interrupt-on-change module is
present on all the pins. For further details about the IOC
module refer to Section 18.0 “Interrupt-on-Change”.

16.2.9 I°C PAD CONTROL

For the PIC18(L)F26/27/45/46/47/55/56/57K42
devices, the 12C specific pads are available on RB1,
RB2, RC3, RC4, RDOM and RD1(M pins. The 12C
characteristics of each of these pins is controlled by the
Rxyl2C registers (see Register 16-9). These
characteristics include enabling 12c specific slew rate
(over standard GPIO slew rate), selecting internal pull-
ups for 12c pins, and selecting appropriate input
threshold as per SMBus specifications.

16.3 PORTE Registers

Depending on the device, PORTE is implemented in
two different ways.

16.3.1 PORTE ON 40/44/48-PIN DEVICES

For PIC18(L)F45/46/47/55/56/57K42 devices, PORTE
is a 4-bit wide port. Three pins (REO, RE1 and RE2)
are individually configurable as inputs or outputs.
These pins have Schmitt Trigger input buffers. When
selected as an analog input, these pins will read as
‘0’s. The corresponding data direction register is
TRISE. Setting a TRISE bit (= 1) will make the
corresponding PORTE pin an input (i.e., disable the
output driver).

Clearing a TRISE bit (= 0) will make the corresponding
PORTE pin an output (i.e., enable the output driver
and put the contents of the output latch on the
selected pin). TRISE controls the direction of the REx
pins, even when they are being used as analog pins.
The user must make sure to keep the pins configured
as inputs when using them as analog inputs. RE<2:0>
bits have other registers associated with them (i.e.,
ANSELE, WPUE, INLVLE, SLRCONE and ODCONE).
The functionality is similar to the other ports. The Data
Latch register (LATE) is also memory-mapped. Read-
modify-write operations on the LATE register read and
write the latched output value for PORTE.

Note: On a Power-on Reset, RE<2:0> are
configured as analog inputs.

Note 1: RDO and RD1 I12C pads are not available
in PIC18(L)F26K42 parts.

2: Any peripheral using the I°C pins read
the 12C ST inputs when enabled via

The fourth pin of PORTE (MCLR/VPP/RE3) is an
input-only pin. Its operation is controlled by the
MCLRE Configuration bit. When selected as a port
pin, (MCLRE = 0), it functions as a digital input-only
pin; as such, it does not have TRIS or LAT bits
associated with its operation. Otherwise, it functions
as the device’s Master Clear input. In either
configuration, RE3 also functions as the programming
voltage input during programming. RE3 in PORTE
register is a read-only bit and will read ‘1’ when
MCLRE =1 (i.e., Master Clear enabled).

Rxyl2C.

Note: On a Power-on Reset, RE3 is enabled as
a digital input only if Master Clear

functionality is disabled.

© 2017 Microchip Technology Inc.
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20.8 Register Definitions: Timer0 Control

REGISTER 20-1: TOCONO: TIMERO CONTROL REGISTER 0

R/W-0/0 uU-0 R-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EN — ouT MD16 OUTPS<3:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EN: TMRO Enable bit

1 = The module is enabled and operating
0 = The module is disabled and in the lowest power mode

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: TMRO Output bit (read-only)
TMRO output bit
bit 4 MD16: TMRO Operating as 16-Bit Timer Select bit

1 =TMRO is a 16-bit timer
0 =TMRO is an 8-bit timer

bit 3-0 OUTPS<3:0>: TMRO Output Postscaler (Divider) Select bits
1111 = 1:16 Postscaler
1110 = 1:15 Postscaler
1101 = 1:14 Postscaler
1100 = 1:13 Postscaler
1011 = 1:12 Postscaler
1010 = 1:11 Postscaler
1001 = 1:10 Postscaler
1000 = 1:9 Postscaler
0111 = 1:8 Postscaler
0110 = 1:7 Postscaler
0101 = 1:6 Postscaler
0100 = 1:5 Postscaler
0011 = 1:4 Postscaler
0010 = 1:3 Postscaler
0001 = 1:2 Postscaler
0000 = 1:1 Postscaler

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 301
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FIGURE 25-12: GATED WINDOWED MEASURE MODE REPEAT ACQUISITION TIMING DIAGRAM
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REGISTER 25-4: SMT1CLK: SMT CLOCK SELECTION REGISTER

uU-0 u-0 uU-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — CSEL<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 CSEL<2:0>: SMT Clock Selection bits
111 = Reference Clock Output
110 = SOSC

101 = MFINTOSC/16 (32 kHz)
100 = MFINTOSC (500 kHz)
011 = LFINTOSC

010 = HFINTOSC 16 MHz
001 = Fosc

000 = Fosc/4

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 397
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31.13 Checksum (UART1 only)

This section does not apply to the LIN mode, which
handles checksums automatically.

The transmit and receive checksum adders are
enabled when the COEN bit in the UXCON2 register is
set. When enabled, the adders accumulate every byte
that is transmitted or received. The accumulated sum
includes the carry of the addition. Software is
responsible for clearing the checksum registers before
a transaction and performing the check at the end of
the transaction.

The following is an example of how the checksum
registers could be used in the asynchronous modes.

31.13.1  TRANSMIT CHECKSUM METHOD

1. Clear the UXTXCHK register.

2. Set the COEN bit.

3. Send all bytes of the transaction output.
4

Invert UXTXCHK and send the result as the last
byte of the transaction.

31.13.2 RECEIVE CHECKSUM METHOD

1. Clear the UxXRXCHK register.
2. Setthe COEN bit.

3. Receive all bytes in the transaction including the
checksum byte.

4. Set MSb of UXRXCHK if 7-bit mode is selected.
5. Add 1 to UXRXCHK.

6. If the result is ‘0’, the checksum passes,
otherwise it fails.

The CERIF checksum interrupt flag is not active in any
mode other than LIN.

31.14 Collision Detection

External forces that interfere with the transmit line are
detected in all modes of operation with collision
detection. Collision detection is always active when
RXEN and TXEN are both set.

When the receive input is connected to the transmit
output through either the same 1/O pin or external
circuitry, a character will be received for every
character transmitted. The collision detection circuit
provides a warning when the word received does not
match the word transmitted.

The TXCIF flag in the UXERRIR register is used to
signal collisions. This signal is only useful when the TX
output is looped back to the RX input and everything
that is transmitted is expected to be received. If more
than one transmitter is active at the same time, it can
be assumed that the TX word will not match the RX
word. The TXCIF detects this mismatch and flags an
interrupt. The TXCIF bit will also be set in DALI mode
transmissions when the received bit is missing the
expected mid-bit transition.

Collision detection is always active, regardless of
whether or not the RX input is connected to the TX
output. Itis up to the user to disable the TXCIE bit when
collision interrupts are not required.

The software overhead of unloading the receive buffer
of transmitted data is avoided by setting the RUNOVF
bit in UxCON2 and ignoring the receive interrupt and
letting the receive buffer overflow. When the
transmission is complete, prepare for receiving data by
flushing the receive buffer (see Section 31.11.2, FIFO
Reset) and clearing the RXFOIF overflow flag in the
UXERRIR register.

31.15 RX/TX Activity Timeout

The UART works in conjunction with the HLT timers to
monitor activity on the RX and TX lines. Use this
feature to determine when there has been no activity
on the receive or transmit lines for a user specified
period of time.

To use this feature, set the HLT to the desired timeout
period by a combination of the HLT clock source, timer
prescale value, and timer period registers. Configure
the HLT to reset on the UART TX or RX line and start
the HLT at the same time the UART is started. UART
activity will keep resetting the HLT to prevent a full HLT
period from elapsing. When there has been no activity
on the selected TX or RX line for longer than the HLT
period then an HLT interrupt will occur signaling the
timeout event.

For example, the following register settings will
configure HLT2 for a 5 ms timeout of no activity on
U1RX:

* T2PR = 0x9C (156 prescale periods)

* T2CLKCON = 0x05 (500 kHz internal oscillator)

e T2HLT = 0x04 (free running, reset on rising edge)
* T2RST = 0x15 (reset on U1RX)

* T2CON = 0xCO0 (Timer2 on with 1:16 prescale)
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REGISTER 31-18: UxTXCHK: UART TRANSMIT CHECKSUM RESULT REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TXCHK<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 TXCHK<7:0>: Checksum calculated from TX bytes

LIN mode and COEN = 1:

Sum of all transmitted bytes including PID
LIN mode and COEN = 0:

Sum of all transmitted bytes except PID

All other modes and COEN = 1:

Sum of all transmitted bytes since last clear
All other modes and COEN = 0:

Not used

REGISTER 31-19: UxRXCHK: UART RECEIVE CHECKSUM RESULT REGISTER

u = Bit is unchanged
‘1’ = Bit is set

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
RXCHK<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

RXCHK<7:0>: Checksum calculated from RX bytes

LIN mode and COEN = 1:

Sum of all received bytes including PID
LIN mode and COEN = 0:

Sum of all received bytes except PID

All other modes and COEN = 1:

Sum of all received bytes since last clear
All other modes and COEN = 0:

Not used
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32.3 SPI MODE OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SPIXCONO0<2:0>, SPIXCON1<7:4>,
SPIXCON1<2:0>, and SPIXCON2<2:0>). These
control bits allow the following to be specified:

» Master mode (SCK is the clock output)
» Slave mode (SCKis the clock input)

» Clock Polarity (Idle state of SCK)

* Input, Output, and Slave Select Polarity

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on first/'second edge of
SCK)

» Clock Rate (Master mode only)
» Slave Select Mode (Master or Slave mode)
* MSB-First or LSB-First
* Receive/Transmit Modes
- Full duplex
- Receive-without-transmit
- Transmit-without-receive

» Transfer Counter Mode (Transmit-without-receive
mode)

32.3.1 ENABLING AND DISABLING THE
SPI MODULE

To enable the serial peripheral, the SPI enable bit (EN
in SPIXCONO) must be set. To reset or reconfigure SPI
mode, clear the EN bit, re-initialize the SSPxCONXx
registers and then set the EN bit. Setting the EN bit
enables the SPI inputs and outputs: SDI, SDO,
SCK(out), SCK(in), SS(out), and SS(in). All of these
inputs and outputs are steered by PPS, and thus must
have their functions properly mapped to device pins to
function (see Section 17.0 “Peripheral Pin Select
(PPS) Module”). In addition, SS(out) and SCK(out)
must have the pins they are steered to set as outputs
(TRIS bits must be ‘0’) in order to properly output.
Clearing the TRIS bit of the SDO pin will cause the SPI
module to always control that pin, but is not necessary
for SDO functionality. (see Section 32.3.5 “Input and
Output Polarity Bits”). Configurations selected by the
following registers should not be changed while the EN
bit is set:

» SPIXBAUD

* SPIXCON1

» SPIXCONO (except to clear the EN bit)

Clearing the EN bit aborts any transmissions in
progress, disables the setting of interrupt flags by
hardware, and resets the FIFO occupancy (see

Section 32.3.3 “Transmit and Receive FIFOs” for
more FIFO details).

32.3.2 BUSY BIT

While a data transfer is in progress, the SPI module
sets the BUSY bit of SPIXCON2. This bit can be polled
by the user to determine the current status of the SPI
module, and to know when a communication is
complete. The following registers/bits should not be
written by software while the BUSY bit is set:

* SPIXTCNTH/L

* SPIXTWIDTH

* SPIXCON2

* The CLRBF bit of SPIXSTATUS

Note: It is also not recommended to read SPIx-
TCNTH/L while the BUSY bit is set, as the
value in the registers may not be a reliable
indicator of the Transfer Counter. Use the
Transfer Count Zero Interrupt Flag (the
TCZIF bit of SPIXINTF) to accurately
determine that the Transfer Counter has

reached zero.
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TABLE 32-3: SUMMARY OF REGISTERS ASSOCIATED WITH SPI

Name Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reg;:g: on
SPIXINTF SRMTIF TCZIF SOSIF EOSIF — RXOIF TXUIF — 535
SPIXINTE SRMTIE TCZIE SOSIE EOSIE — RXOIE TXUIE — 536
SPIXTCNTH = — — — — TCNT10 TCNT9 TCNT8 537
SPIXTCNTL TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO 536
SPIXTWIDTH = = — — — TWIDTH2 TWIDTH1 TWITDHO 537
SPIXBAUD BAUD7 BAUD6 BAUD5 BAUD4 BAUD3 BAUD2 BAUD1 BAUDO 538
SPIXCONO EN — — — — LSBF MST BMODE 538
SPIXCON1 SMP CKE CKP FST — SSP SDIP SDOP 539
SPIXCON2 BUSY SSFLT — — — SSET TXR RXR 540
SPIXSTATUS TXWE — TXBE — RXRE CLRBF — RXBF 541
SPIXRXB RXB7 RXB6 RXB5 RXB4 RXB3 RXB2 RXB1 RXBO 541
SPIXTXB TXB7 TXB6 TXB5 TXB4 TXB3 TXB2 TXB1 TXBO 542
SPIXCLK = = = — CLKSEL3 CLKSEL2 CLKSEL1 CLKSELO 542
Legend: — = unimplemented, read as ‘0’. Shaded cells are unused by the SPI module.
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If a BTO event occurs when the module is configured
as a master and is active, (i.e., MMA bit is set), and the
module immediately tries to assert a Stop condition and
also sets the BTOIF bit. The actual generation of the
Stop condition may be delayed if the bus is been clock
stretched by some slave device. The MMA bit will be
cleared only after the Stop condition is generated.

33.3.10 ADDRESS BUFFERS

The 12C module has two address buffer registers,
I2CxADBO and 12CxADB1. Depending on the mode,
these registers are used as either receive or transmit
address buffers. See Table 33-2 for data flow directions
in these registers. In Slave modes, these registers are
only updated when there is an address match. The
ADB bit in the I2CxCON2 register is used to enable/
disable the address buffer functionality. When disabled,
the address data is sourced from the transmit buffer
and is stored in the receive buffer.

TABLE 33-2: ADDRESS BUFFER
DIRECTION AS PER I°C MODE

Modes MODE<2:0> | I2CxADBO | I2CxADB1

Slave (7-bit) 000 RX —

001 RX —_
Slave (10-bit) 010 RX RX

011 RX RX
Master (7-bit) 100 — X
Master (10-bit) 101 X TX
Multi-Master 110 RX X
(7-bit) 111 RX X

33.3.10.1 Slave Mode (7-bit)

In 7-bit Slave mode, I12CxADBO is loaded with the
received matching address and R/W data. The
I2CxADB1 register is ignored in this mode.

33.3.10.2 Slave Mode (10-bit)

In 10-bit Slave mode, 12CxADBO is loaded with the
lower eight bits of the matching received address.
I2CxADB1 is loaded with full eight bits of the high
address byte, including the R/W bit.

33.3.10.3 Master Mode (7-bit)

The 12CxADBO register is ignored in this mode. In 7-bit
Master mode, the 12CxADB1 register is used to copy
address data byte, including the R/W value, to the shift
register.

33.3.10.4 Master Mode (10-bit)

In 10-bit Master mode, the I2CxADBO register stores
the low address data byte value that will be copied to
the shift register after the high address byte is shifted
out. The 12CxADB1 register stores the high address
byte value that will be copied to the shift register. Itis up

to the user to specify all eight of these bits, even though
the 12C specification defines the upper five bits as a
constant.

33.3.10.5 Multi-Master Mode (7-bit only)

In Multi-Master mode, the device can be both master
and slave depending on the sequence of events on the
bus. If being addressed as a slave, the [12CxADBO
register stores the received matching slave address
byte. If the device is trying to communicate as a master
on the bus, the contents of the I2CxADB1 register are
copied to the shift register for addressing a slave
device.

33.3.11  RECEIVE AND TRANSMIT BUFFER

The receive buffer holds one byte of data while another
is shifted into the SDA pin. The user can access the
buffer by software (or DMA) through the I2CxRXB
register. When new data is loaded into the 12CxRXB
register, the receive buffer full Status bit (RXBF) is set
and reading the I2CxRXB register clears this bit.

If the user tries to read I2CxRXB when it is empty (i.e.,
RXBF = 0), receive read error bit (RXRE) is set and a
NACK will be generated. The user must clear the error
bit to resume normal operation.

The transmit buffer holds one byte of data while
another can be shifted out through the SDA pin. The
user can access the buffer by software (or DMA)
through the 12CxTXB register. When the I2CxTXB does
not contain any transmit data, the transmit buffer empty
status bit (TXBE) is set. At this point, the user can load
another byte into the buffer.

If the user tries to write I2CxTXB when it is NOT empty
(i.e. TXBE = 0), transmit write error flag bit (TXRE) is
set and the new data is discarded. When TXRE is set,
the user must clear this error condition to resume
normal operation.

By setting the CLRBF bit in the I2CxSTAT1 register, the
user can clear both receive and transmit buffers.
CLRBF will also clear the I2CxRXIF and I2CxTXIF bits.

33.3.12 CLOCK STRETCHING

When a slave device has not completed processing
data, it can delay the transfer of more data through the
process of clock stretching. An addressed slave device
may hold the SCL clock line low after receiving or send-
ing a bit, indicating that it is not yet ready to continue.
The master will attempt to raise the SCL line in order to
transfer the next bit, but will detect that the clock line
has not yet been released. Since the SCL connection
is open-drain, the slave has the ability to hold the line
low until it is ready to continue communicating. Clock
stretching allows receivers that cannot keep up with a
transmitter to control the flow of incoming data.
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43.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16, and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

For easy source level debugging, the compilers provide
debug information that is optimized to the MPLAB X
IDE.

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other
relocatable object files and archives to create an
executable file. MPLAB XC Compiler uses the
assembler to produce its object file. Notable features of
the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
* Command-line interface

* Rich directive set

» Flexible macro language

* MPLAB X IDE compatibility

43.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code, and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB X IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multipurpose
source files

 Directives that allow complete control over the
assembly process

43.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembiler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

43.5 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its object file. The
assembler generates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
» Command-line interface

* Rich directive set

» Flexible macro language

* MPLAB X IDE compatibility
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45.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD
range). This is for information only and devices are ensured to operate properly only within the specified range.

Unless otherwise noted, all graphs apply to both the L and LF devices.

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum”, “Max.”, “Minimum” or “Min.”
represents (mean + 3c) or (mean - 3c) respectively, where ¢ is a standard deviation, over each
temperature range.
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44-Lead Plastic Thin Quad Flatpack (PT) - 10x10x1.0 mm Body [TQFP]

Note:

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

Notes:

(L1)
SECTION A-A

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Standoff A1 0.05 - 0.15
Molded Package Thickness A2 0.95 1.00 1.05
Overall Width E 12.00 BSC
Molded Package Width E1 10.00 BSC
Overall Length D 12.00 BSC
Molded Package Length D1 10.00 BSC
Lead Width b 0.30 0.37 0.45
Lead Thickness c 0.09 - 0.20
Lead Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle 0 0° | 35 | 7°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Exact shape of each corner is optional.
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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