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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"
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8-Bit
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Brown-out Detect/Reset, POR, PWM, WDT
34
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FLASH

3.8Kx 8

2V ~ 2.75V

A/D 13x10b/12b

Internal
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Surface Mount

44-VQFN Exposed Pad
44-QFN (8x8)
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PIC18FX7J13

TABLE 1: PIC18F47J13 FAMILY TYPES
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PIC18F26J13 | 28 | 64K | 3760 | 19 | 4/4 | 37 | 2 2| Y [ Y [ 10 | 3 [ Y [ N| Y [ Y
PIC18F27J13 | 28 | 128K | 3760 | 19 | 4/4 | 37 | 2 2| Y | Y | 10 | 3 | Y [ N | Y | Y
PIC18F46J13 | 44 | 64K | 3760 | 25 | 4/4 | 37 | 2 [2| Y | Y | 13 | 3 | Y [ Y | Y | Y
PIC18F47J13 | 44 | 128K | 3760 | 25 | 4/4 | 37 | 2 |2 | Y | Y | 13 | 3 | Y [ Y | Y | Y
PIC18LF26J13 | 28 | 64K | 3760 | 19 | 4/4 | 37 | 2 2| Y [ Y | 10 | 3 | N [ N | Y | Y
PIC18LF27J13 | 28 | 128K | 3760 | 19 | 4/4 | 37 | 2 [2 | Y [ Y | 10 | 3 | N [ N | Y [ Y
PIC18LF46J13 | 44 | 64K | 3760 | 25 | 4/4 | 37 | 2 (2| Y [ Y | 13 | 3 | N [ Y | Y [ Y
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PIC18FX7J13

Pin Diagrams (Continued)
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Legend: RPn represents remappable pins.Some input and output functions are routed through the Peripheral Pin
Select (PPS) module and can be dynamically assigned to any of the RPn pins. For a list of the input and
output functions, see Table 10-13 and Table 10-14, respectively. For details on configuring the PPS module,
see Section 10.7 “Peripheral Pin Select (PPS)”.

Note: For the QFN package, it is recommended that the bottom pad be connected to Vss.
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PIC18F47J13 FAMILY

TABLE 1-3: PIC18F2XJ13 PINOUT 1/0O DESCRIPTIONS

Pin Number
Pin Name 28-SPDIP/ Pin | Buffer Description
SSOP/ |28-QFN | Type | Type
SoIC
MCLR 1) 26(2) | ST |Master Clear (Reset) input. This pin is an
active-low Reset to the device.
OSC1/CLKI/RA7 9 6 Oscillator crystal or external clock input.
0SC1 | ST Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
CMOS otherwise. Main oscillator input
connection.
CLKI | CMOS External clock source input; always associated
with pin function, OSC1 (see related
OSC1/CLKI pins).
RA7(1 /O |TTUDIG| Digital I/O.
OSC2/CLKO/RA6 10 7 Oscillator crystal or clock output.
0SC2 0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO (0] DIG Main oscillator feedback output connection.
In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes
the instruction cycle rate.
RA6(1) /O |TTUDIG| Digital I/O.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

| = Input
P = Power
DIG = Digital output

CMOS = CMOS compatible input or output
Analog = Analog input

o)

oD
12C

= QOutput
= Open-Drain (no P diode to VDD)
= Open-Drain, 1’c specific

Note 1: RA7 and RAG6 will be disabled if OSC1 and OSC2 are used for the clock function.

2: 5.5V tolerant.

© 2010-2017 Microchip Technology Inc.
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TABLE 1-4: PIC18F4XJ13 PINOUT I/O DESCRIPTIONS

Pin Number Bi Buff
. in uffer s
Pin Name 44- | 44- |Type | Type Description

QFN [TQFP

MCLR 18| 18 | ST |Master Clear (Reset) input; this is an active-low

Reset to the device.

OSC1/CLKI/RA7 32 | 30 Oscillator crystal or external clock input.

0OSC1 | ST Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS. Main oscillator input
connection.

CLKI | CMOS External clock source input; always associated
with pin function, OSC1 (see related OSC1/CLKI
pins).

RA7(M I/O |TTL/DIG| Digital I/O.

OSC2/CLKO/RA6 33 | 3 Oscillator crystal or clock output.

0SC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (0] — Main oscillator feedback output connection
in RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

RA6(1) I/O |TTL/DIG| Digital I/O.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (@) = QOutput
P =Power oD = Open-Drain (no P diode to VDD)
DIG = Digital output 1’c = Open-Drain, I°C specific

Note 1:

5.5V tolerant.

RA7 and RA6 will be disabled if OSC1 and OSC2 are used for the clock function.
Available only on 44-pin devices (PIC18F46J13, PIC18F47J13, PIC18LF46J13 and PIC18LF47J13).
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5.5 Configuration Mismatch (CM)

The Configuration Mismatch (CM) Reset is designed to
detect, and attempt to recover from, random memory
corrupting events. These include Electrostatic
Discharge (ESD) events, which can cause widespread
single bit changes throughout the device and result in
catastrophic failure.

In PIC18FXXJ Flash devices, the device Configuration
registers (located in the configuration memory space)
are continuously monitored during operation by com-
paring their values to complimentary shadow registers.
If a mismatch is detected between the two sets of
registers, a CM Reset automatically occurs. These
events are captured by the CM bit (RCON<5>). The
state of the bit is set to ‘0’ whenever a CM event occurs;
it does not change for any other Reset event.

A CM Reset behaves similarly to MCLR, RESET
instruction, WDT time-out or Stack Event Resets. As
with all hard and power Reset events, the device
Configuration Words are reloaded from the Flash
Configuration Words in program memory as the device
restarts.

FIGURE 5-2:

5.6 Power-up Timer (PWRT)

PIC18F47J13 Family devices incorporate an on-chip
PWRT to help regulate the POR process. The PWRT is
always enabled. The main function is to ensure that the
device voltage is stable before code is executed.

The Power-up Timer (PWRT) of the PIC18F47J13 Fam-
ily devices is a counter which uses the INTRC source as
the clock input. While the PWRT is counting, the device
is held in Reset.

The power-up time delay depends on the INTRC clock
and will vary from chip-to-chip due to temperature and
process variation. See DC parameter 33 (TPWRT) for
details.

5.6.1 TIME-OUT SEQUENCE

The PWRT time-out is invoked after the POR pulse has
cleared. The total time-out will vary based on the status
of the PWRT. Figure 5-2, Figure 5-3, Figure 5-4 and
Figure 5-5 all depict time-out sequences on power-up
with the PWRT.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the PWRT will expire. Bringing
MCLR high will begin execution immediately if a clock
source is available (Figure 5-4). This is useful for
testing purposes or to synchronize more than one
PIC18F device operating in parallel.

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb, VDD RISE < TPWRT)

VDD —/

MCLR

INTERNAL POR | X

PWRT TIME-OUT

INTERNAL RESET
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6.4 Data Addressing Modes

Note: The execution of some instructions in the
core PIC18 instruction set are changed
when the PIC18 extended instruction set is
enabled. See Section 6.6 “Data Memory
and the Extended Instruction Set” for
more information.

While the program memory can be addressed in only
one way through the PC, information in the data mem-
ory space can be addressed in several ways. For most
instructions, the addressing mode is fixed. Other
instructions may use up to three modes, depending on
which operands are used and whether or not the
extended instruction set is enabled.

The addressing modes are:

* Inherent
o Literal
* Direct
 Indirect

An additional addressing mode, Indexed Literal Offset,
is available when the extended instruction set is
enabled (XINST Configuration bit = 1). Its operation is
discussed in more detail in Section 6.6.1 “Indexed
Addressing with Literal Offset”.

6.4.1 INHERENT AND LITERAL
ADDRESSING

Many PIC18 control instructions do not need any
argument at all; they either perform an operation that
globally affects the device, or they operate implicitly on
one register. This addressing mode is known as
Inherent Addressing. Examples include SLEEP, RESET
and DAW.

Other instructions work in a similar way, but require an
additional explicit argument in the opcode. This is
known as Literal Addressing mode, because they
require some literal value as an argument. Examples
include ADDLW and MOVLW, which respectively, add or
move a literal value to the W register. Other examples
include CALL and GOTO, which include a 20-bit
program memory address.

6.4.2 DIRECT ADDRESSING

Direct Addressing specifies all or part of the source
and/or destination address of the operation within the
opcode itself. The options are specified by the
arguments accompanying the instruction.

In the core PIC18 instruction set, bit-oriented and
byte-oriented instructions use some version of Direct
Addressing by default. All of these instructions include
some 8-bit literal address as their LSB. This address
specifies either a register address in one of the banks
of data RAM (Section 6.3.3 “General Purpose

Register File”) or a location in the Access Bank
(Section 6.3.2 “Access Bank”) as the data source for
the instruction.

The Access RAM bit, ‘a’, determines how the address
is interpreted. When ‘a’ is ‘1’, the contents of the BSR
(Section 6.3.1 “Bank Select Register”) are used with
the address to determine the complete 12-bit address
of the register. When ‘a’ is ‘0’, the address is interpreted
as being a register in the Access Bank. Addressing that
uses the Access RAM is sometimes also known as
Direct Forced Addressing mode.

A few instructions, such as MOVFF, include the entire
12-bit address (either source or destination) in their
opcodes. In these cases, the BSR is ignored entirely.

The destination of the operation’s results is determined
by the destination bit, ‘d’. When ‘d’ is ‘1’, the results are
stored back in the source register, overwriting its
original contents. When ‘d’ is ‘0’, the results are stored
in the W register. Instructions without the ‘d” argument
have a destination that is implicit in the instruction; their
destination is either the target register being operated
on or the W register.

6.4.3 INDIRECT ADDRESSING

Indirect Addressing allows the user to access a location
in data memory without giving a fixed address in the
instruction. This is done by using File Select Registers
(FSRs) as pointers to the locations to be read or written
to. Since the FSRs are themselves located in RAM as
SFRs, they can also be directly manipulated under
program control. This makes FSRs very useful in
implementing data structures such as tables and arrays
in data memory.

The registers for Indirect Addressing are also
implemented with Indirect File Operands (INDFs) that
permit automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code using
loops, such as the example of clearing an entire RAM
bank in Example 6-5. It also enables users to perform
Indexed Addressing and other Stack Pointer
operations for program memory in data memory.

EXAMPLE 6-5: HOW TO CLEAR RAM
(BANK 1) USING INDIRECT
ADDRESSING
LFSR FSRO, 0x100;
NEXT CLRF POSTINCO ; Clear INDF

; register then
; inc pointer

BTFSS FSROH, 1 ; All done with

; Bankl?
BRA NEXT ; NO, clear next
CONTINUE ; YES, continue

© 2010-2017 Microchip Technology Inc.
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TABLE 10-11: PORTE I/0 SUMMARY
Pin Function SZE::Q /0 nge Description
REOQ/ANS5/ REO 1 | ST | PORTE<O0> data input; disabled when analog input is enabled.
PMRD 0 (0] DIG |LATE<O0> data output; not affected by analog input.
ANS 1 | ANA | A/D Input Channel 5; default input configuration on POR.
PMRD 1 | | ST/TTL | Parallel Master Port (io_rd in).
0 (0] DIG |Parallel Master Port read strobe.
RE1/ANG6/ RE1 1 | ST | PORTE<1> data input; disabled when analog input is enabled.
PMWR 0 (0] DIG |LATE<1> data output; not affected by analog input.
ANG 1 | ANA | A/D Input Channel 6; default input configuration on POR.
PMWR 1 I | ST/TTL | Parallel Master Port (1o _wr in).
0 (0] DIG |Parallel Master Port write strobe.
RE2/AN7/ RE2 1 | ST | PORTE<2> data input; disabled when analog input is enabled.
PMCS 0 (0] DIG |LATE<2> data output; not affected by an analog input.
AN7 1 | ANA | A/D Input Channel 7; default input configuration on POR.
PMCS 0 (0] DIG |Parallel Master Port byte enable.

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level
| = Input; O = Output; P = Power

TABLE 10-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTE() - - - - - RE2 RE1 REO
LATE™ — — — — — LATE2 LATE1 LATEO
TRISE( RDPU REPU _— _— _— TRISE2 | TRISE1 | TRISEO
ANCONO pPcrG7M | pcree) | PcFG5(" | PCFG4 PCFG3 PCFG2 PCFG1 PCFGO
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTE.
Note 1: These registers and/or bits are not available in 28-pin devices (PIC18F26J13, PIC18F27J13,

PIC18LF26J13 and PIC18LF26J13).

Note: bit7 RDPU: PORTD Pull-up Enable bit

0 = All PORTD pull-ups are disabled

1 = PORTD pull-ups are enabled for any input pad

bit 6 REPU: PORTE Pull-up Enable bit

0=
1=

All PORTE pull-ups are disabled
PORTE pull-ups are enabled for any input pad

© 2010-2017 Microchip Technology Inc.
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Choosing the configuration requires the review of all
PPSs and their pin assignments, especially those that
will not be used in the application. In all cases, unused
pin selectable peripherals should be disabled com-
pletely. Unused peripherals should have their inputs
assigned to an unused RPn pin function. 1/O pins with
unused RPn functions should be configured with the
null peripheral output.

The assignment of a peripheral to a particular pin does
not automatically perform any other configuration of the
pin’s 1/O circuitry. In theory, this means adding a pin
selectable output to a pin may mean inadvertently
driving an existing peripheral input when the output is
driven. Users must be familiar with the behavior of
other fixed peripherals that share a remappable pin and
know when to enable or disable them. To be safe, fixed
digital peripherals that share the same pin should be
disabled when not in use.

Along these lines, configuring a remappable pin for a
specific peripheral does not automatically turn that
feature on. The peripheral must be specifically config-
ured for operation and enabled, as if it were tied to a
fixed pin. Where this happens in the application code
(immediately following device Reset and peripheral
configuration or inside the main application routine)
depends on the peripheral and its use in the
application.

A final consideration is that the PPS functions neither
override analog inputs nor reconfigure pins with analog
functions for digital 1/0. If a pin is configured as an
analog input on device Reset, it must be explicitly
reconfigured as digital /0 when used with a PPS.

Example 10-7 provides a configuration for bidirectional
communication with flow control using EUSART2. The
following input and output functions are used:

e Input Function RX2

» Output Function TX2

EXAMPLE 10-7:  CONFIGURING EUSART2
INPUT AND OUTPUT

FUNCTIONS

;*************************************

; Unlock Registers
;*************************************
MOVLB 0x0E ; PPS registers in BANK 14
BCF INTCON, GIE ; Disable interrupts
MOVLW 0x55

MOVWE EECON2, O

MOVLW O0xAA

MOVWE EECON2, O

; Turn off PPS Write Protect

BCF PPSCON, IOLOCK, BANKED

;***************************

; Configure Input Functions
; (See Table 10-13)

;***************************
;***************************
; Assign RX2 To Pin RPO
;***************************

MOVLW 0x00

MOVWE RPINR16, BANKED

R o
7

; Configure Output Functions
; (See Table 10-14)

;***************************
;***************************
; Assign TX2 To Pin RP1
;***************************

MOVLW 0x06

MOVWE RPOR1, BANKED

;*************************************

; Lock Registers
;*************************************
BCF INTCON, GIE

MOVLW 0x55

MOVWEF  EECON2, O

MOVLW O0xAA

MOVWF  EECON2, 0

; Write Protect PPS
BSF PPSCON, IOLOCK, BANKED

Note: If the Configuration bit, IOL1WAY = 1,
once the IOLOCK bit is set, it cannot be
cleared, preventing any future RP register
changes. The IOLOCK bit is cleared back
to ‘0’ on any device Reset.
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REGISTER 10-24: RPORO0: PERIPHERAL PIN SELECT OUTPUT REGISTER 0 (BANKED EC1h)

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

— — — RPOR4 RPOR3 RPOR2 | RPOR1 [ RPORO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
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 4-0 RPOR<4:0>: Peripheral Output Function is Assigned to RP0 Output Pin bits

(see Table 10-14 for peripheral function numbers)

REGISTER 10-25: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1 (BANKED EC7h)

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

— — — RP1R4 RP1R3 RPIR2 | RP1R1 | RPIRO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
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 4-0 RP1R<4:0>: Peripheral Output Function is Assigned to RP1 Output Pin bits

(see Table 10-14 for peripheral function numbers)

REGISTER 10-26: RPOR2: PERIPHERAL PIN SELECT OUTPUT REGISTER 2 (BANKED EC3h)

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

— — — RP2R4 RP2R3 RP2R2 | RP2R1 | RP2RO
bit 7 bit 0
Legend: R/W = Readable bit, Writable bit if IOLOCK = 0
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 4-0 RP2R<4:0>: Peripheral Output Function is Assigned to RP2 Output Pin bits

(see Table 10-14 for peripheral function numbers)
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REGISTER 11-2: PMCONL: PARALLEL PORT CONTROL REGISTER LOW BYTE (BANKED F5Eh)(")

R/W-0

R/W-0 R/W-0(2) U-0 R/W-02) R/W-0 R/W-0 R/W-0

CSF1

CSFO ALP — CS1P BEP | WRSP | RDSP

bit 7

bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6

bit 5

bit 4
bit 3

bit 2

bit 1

bit 0

Note 1:

CSF<1:0>: Chip Select Function bits

11 = Reserved

10 = Chip select function is enabled and PMCS acts as chip select (in Master mode). Up to
13 address bits only can be generated.

01 = Reserved

00 = Chip select function is disabled (in Master mode). All 16 address bits can be generated.

ALP: Address Latch Polarity bit(2)

1 = Active-high (PMALL and PMALH)

0 = Active-low (PMALL and PMALH)

Unimplemented: Maintain as ‘0’

CS1P: Chip Select Polarity bit(?)

1 = Active-high (PMCS)

0 = Active-low (PMCS)

BEP: Byte Enable Polarity bit

1 = Byte enable active-high (PMBE)

0 = Byte enable active-low (PMBE)

WRSP: Write Strobe Polarity bit

For Slave modes and Master Mode 2 (PMMODEH<1:0>= 00,01, 10):

1 = Write strobe active-high (PMWR)

0 = Write strobe active-low (PMWR)

For Master Mode 1 (PMMODEH<1:0>=11):

1 = Enable strobe active-high (PMENB)

0 = Enable strobe active-low (PMENB)

RDSP: Read Strobe Polarity bit

For Slave modes and Master Mode 2 (PMMODEH<1:0>= 00,01, 10):

1 = Read strobe active-high (PMRD)

0 = Read strobe active-low (PMRD)

For Master Mode 1 (PMMODEH<1:0>=11):

1 = Read/write strobe active-high (PMRD/PMWR)

0 = Read/write strobe active-low (PMRD/PMWR)

This register is only available on 44-pin devices.
These bits have no effect when their corresponding pins are used as address lines.
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15.5.2 TIMER3/5 GATE SOURCE

SELECTION

The Timer3/5 gate source can be selected from one of
four different sources. Source selection is controlled by
the TxGSS<1:0> bits (TxGCON<1:0>). The polarity for
each available source is also selectable and is
controlled by the TxGPOL bit (TxGCON<6>).

TABLE 15-2: TIMER3/5 GATE SOURCES
TxGSS<1:0> Timerx Gate Source
00 TxG timer gate pin
01 TMRA4/6 matches PR4/6
10 Comparator 1 output
11 Comparator 2 output
15.5.2.1 TxG Pin Gate Operation

The TxG pin is one source for Timer3/5 gate control. It
can be used to supply an external source to the gate
circuitry.

FIGURE 15-3: TIMER3/5 GATE TOGGLE MODE

15.5.2.2  Timer4/6 Match Gate Operation

The TMR4/6 register will increment until it matches the
value in the PR4/6 register. On the very next increment
cycle, TMR4/6 will be reset to 00h. When this Reset
occurs, a low-to-high pulse will automatically be
generated and internally supplied to the Timer3/5 gate
circuitry.

15.5.3 TIMER3/5 GATE-TOGGLE MODE

When Timer3/5 Gate Toggle mode is enabled, it is
possible to measure the full cycle length of a Timer3/5
gate signal, as opposed to the duration of a single level
pulse.

The Timer1 gate source is routed through a flip-flop that
changes state on every incrementing edge of the
signal. (For timing details, see Figure 15-3.)

The TxGVAL bit will indicate when the Toggled mode is
active and the timer is counting.

Timer3/5 Gate Toggle mode is enabled by setting the
TxGTM bit (TXGCON<5>). When the TxGTM bit is
cleared, the flip-flop is cleared and held clear. This is
necessary in order to control which edge is measured.

TMRxGE

TxGPOL

TxGTM

TXGVAL |

Timer3/5 N

© 2010-2017 Microchip Technology Inc.

DS30009974C-page 220



PIC18F47J13 FAMILY

19.4.1 HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the PxA pin, while the complementary PWM output
signal is output on the PxB pin (see Figure 19-6). This
mode can be used for half-bridge applications, as
shown in Figure 19-7, or for full-bridge applications,
where four power switches are being modulated with
two PWM signals.

In Half-Bridge mode, the programmable dead-band delay
can be used to prevent shoot-through current in
half-bridge power devices. The value of the PxDC<6:0>
bits of the ECCPxDEL register sets the number of
instruction cycles before the output is driven active. If the
value is greater than the duty cycle, the corresponding
output remains inactive during the entire cycle. For more
details on the dead-band delay operations, see
Section 19.4.6 “Programmable Dead-Band Delay
Mode”.

FIGURE 19-7:

Since the PxA and PxB outputs are multiplexed with the
port data latches, the associated TRIS bits must be
cleared to configure PxA and PxB as outputs.

FIGURE 19-6: EXAMPLE OF
HALF-BRIDGE PWM
OUTPUT
Period Period
| Pulse Width | |
PxA®) ! ,—1 o e N
i I I I
[ [— |
PxB@ | | L |
] N -

I

1Y)
td = Dead-Band Delay
Note 1:

(1)

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

2: Output signals are shown as active-high.

(1)

EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“Push-Pull”)

.|||_.

FET

Driver +

™~ | p—

PxA > It —
Load

FET

Driver +

™~ e =+

PxB L hs - _
Half-Bridge Output Driving a Full-Bridge Circuit ’
V+
FET ' FET
Driver Driver
™S~ |t my| 1
PXA > 19 <7
M aad |
FET {Load | FET
Driver Driver
™S ' o
PxB .~ Y >
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TABLE 19-4: REGISTERS ASSOCIATED WITH ECCP1/2/3 MODULE AND
TIMER1/2/3/4/6/8 (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
T8CON — T8OUTPS3 | TBOUTPS2 | TBOUTPS1 | TSOUTPSO| TMR8ON | T8CKPS1 | T8CKPSO
CCPR1H Capture/Compare/PWM Register 1 High Byte
CCPRI1L Capture/Compare/PWM Register 1 Low Byte
CCPR2H Capture/Compare/PWM Register 2 High Byte
CCPR2L Capture/Compare/PWM Register 2 Low Byte
CCPR3H Capture/Compare/PWM Register 3 High Byte
CCPR3L Capture/Compare/PWM Register 3 Low Byte
CCP1CON P1MA1 P1MO DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCP1M1 CCP1MO
CCP2CON P2M1 P2MO DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 CCP2MO
CCP3CON P3M1 P3MO DC3B1 DC3B0 CCP3M3 | CCP3M2 | CCP3M1 CCP3MO
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TABLE 20-2: REGISTERS ASSOCIATED WITH SPI OPERATION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PMPIF( ADIF RC1IF TX1IF SSP1IF | CCP1IF | TMR2IF | TMRI1IF
PIE1 PMPIE? ADIE RC1IE TX1IE SSP1IE | CCP1IE | TMR2IE | TMRI1IE
IPR1 PMPIP?) ADIP RC1IP TX1IP SSP1IP | CCP1IP | TMR2IP | TMRI1IP
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF | CTMUIF | TMR3GIF | RTCCIF
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE | CTMUIE | TMR3GIE | RTCCIE
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP | CTMUIP | TMR3GIP | RTCCIP
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 TRISBO
TRISC TRISC7 | TRISC6 — — — TRISC2 | TRISC1 | TRISCO
TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO
SSP1BUF MSSP1 Receive Buffer/Transmit Register

SSPXCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO
SSPXSTAT SMP CKE D/A P S R/W UA BF
SSP2BUF MSSP2 Receive Buffer/Transmit Register

OoDCON3™M | cTMUDS — — — — — SPI20D | SPI10OD

Legend: Shaded cells are not used by the MSSPx module in SPI mode.
Note 1: Configuration SFR overlaps with default SFR at this address; available only when WDTCON<4> = 1.
2: These bits are only available on 44-pin devices.
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FIGURE 25-2: LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 0)
CASE 1:

HLVDIF may not be Set

e 1\,/4 _______ v ——————————— VHLVD

HLVDIF | )
|

Enable HLVD |
I

'« TIRVST —]

IRVST

HLVDIF Cleared in Software
Internal Reference is Stable

CASE 2:

VDD
—————————— \ —————————————/—————————————-VHLVD

HLVDIF N

I
'« TIRVST _|

Internal Reference is StableJ

I
Enable HLVD | I
I

IRVST

HLVDIF Cleared in Software

HLVDIF Cleared in Software,
HLVDIF Remains Set since HLVD Condition still Exists
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BCF Bit Clear f BN Branch if Negative
Syntax: BCF f,b{a} Syntax: BN n
Operands: 0<f<255 Operands: -128 <n <127
0=<b S17 Operation: if Negative bit is ‘1’,
ael01] (PC) +2+2n — PC
Operation: 0 - f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Encoding: ‘ 1001 | bbba ‘ £fef | £fef ‘ Description: If the Negative bit is ‘1’, then the
Description: Bit ‘b’ in register ‘f' is cleared. program will branch.
If ‘a’ is ‘0, the Access Bank is selected. The 2’s complement number ‘2n’ is
If ‘@’ is ‘1’, the BSR is used to select the added to the PC. Since the PC will have
GPR bank (default). incremented to fetch the next

instruction, the new address will be
PC + 2 + 2n. This instruction is then a
2-cycle instruction.

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 Words: 1
Section 28.2.3 “Byte-Oriented and

N i . . Cycles: 1(2)
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details. Q Cycle Activity:
Words: 1 If Jump:
Q1 Q2 Q3 Q4
Cycles: L Decode Read literal Process Write to
Q Cycle Activity: ‘n’ Data PC
Q1 Q2 Q3 Q4 No No No No
Decode Read Process Write operation operation operation operation
register ‘f’ Data register ‘f’ If No Jump:
Q1 Q2 Q3 Q4
Example: BCF FLAG REG, 7, 0 Decode Read literal Process No
Before Instruction o Data operation

FLAG_REG = C7h
After Instruction Example: HERE BN  Jump

FLAG_REG = 47h Before Instruction

PC = address (HERE)
After Instruction
If Negative = 1
PC = address (Jump)
If Negative = 0;
PC = address (HERE + 2)
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MOVFF Move f to f MOvVLB Move Literal to Low Nibble in BSR
Syntax: MOVFF f4,f4 Syntax: MOVLW  k
Operands: 0 <fs <4095 Operands: 0<k<255
0<fq=4095 Operation: k - BSR
Operation: (fs) = fq Status Affected: None
Status Affected: None Encoding: ‘ 0000 | 0001 ‘ Kkkk | Kkkk ‘
Encoding: Description: The 8-bit literal 'k’ is loaded into the
1st word (source) 1100 fEfff fEfff fEff, Bank Select Register (BSR). The value
2nd word (destin.) 1111 ffff ffff fEffy of BSR<7:4> always remains ‘0’
Description: The contents of source register ‘fg’ are regardless of the value of ky:ky.
moveq to destination register f4’. Words: 1
Location of source ‘fg’ can be anywhere
in the 4096-byte data space (000h to Cycles: 1
FFFh) and location of destination fy’ Q Cycle Activity:
can also be anywhere from 000h to Q1 Q2 Q3 Q4
FFFh.
Decode Read Process Write literal
Either source or destination can be W literal 'k’ Data ‘K’ to BSR
(a useful special situation).
MOVFF i§ particularly useful for ‘ Example: MOVLB 5
transferring a data memory location to a )
peripheral register (such as the transmit Before Instruction
buffer or an I/0 port). BSR Register = 02h
. . After Instruction
The MOVFF instruction cannot use the BSR Register =  05h
PCL, TOSU, TOSH or TOSL as the
destination register
Words: 2
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
(src)
Decode No No Write
operation operation register ‘f’
No dummy (dest)
read
Example: MOVFEFF REG1, REG2
Before Instruction
REG1 = 33h
REG2 = 11h
After Instruction
REG1 = 33h
REG2 = 33h
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RLNCF Rotate Left f (No Carry) RRCF Rotate Right f through Carry

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

Operands: 0<f<255 Operands: 0<f<255
d € [0,1] de[01]
a e[0,1] a e [0,1]

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

Status Affected: N, Z (C) — dest<7>

Encoding: | 0100 | 0lda | FEEE ‘ FEEE | Status Affected: C.NZ

Description: The contents of register ‘f’ are rotated Encoding: ‘ 001t | 00da ‘ £rff | £ref ‘
one bit to the left. If ‘d’ is ‘0, the result Description: The contents of register ‘" are rotated
is placed in W. If ‘d’ is ‘1’, the result is one bit to the right through the Carry
stored back in register ‘f’ (default). flag. If ‘d” is ‘0’, the result is placed in W.

If ‘d"is ‘1’, the result is placed back in

If ‘a’is ‘0’, the Access Bank is selected. )
register ‘f’ (default).

If ‘a’is ‘1, the BSR is used to select the
GPR bank (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 If ‘a’ is ‘0’ and the extended instruction
mode whenever f <95 (5Fh). See set is enabled, this instruction operates
Section 28.2.3 “Byte-Oriented and in Indexed Literal Offset Addressing
Bit-Oriented Instructions in Indexed mode whenever f <95 (5Fh). See
Literal Offset Mode” for details. Section 28.2.3 “Byte-Oriented and

Bit-Oriented Instructions in Indexed
r__ ¢ Literal Offset Mode” for details.

Cycles: 1
. Words: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4 Cycles: !
Decode Read Process Write to Q Cycle Activity:
register ‘f Data destination Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: RLNCF REG, 1, 0 register ‘f Data destination
Before Instruction
REG - 1010 1011 Example: RRCF REG, 0, O
After Instruction Before Instruction
REG = 0101 0111 REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
W = 0111 0011
C = 0
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30.3

DC Characteristics: PIC18F47J13 Family (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial

Param

No. Symbol Characteristic Min Max Units Conditions
ViL Input Low Voltage
All'I/O Ports:
D030 with TTL Buffer Vss 0.15 VDD V |VDD < 3.3V
D030A with TTL Buffer Vss 0.8 V |3.3V<VDD<3.6V
D031 with Schmitt Trigger Buffer Vss 0.2 VbD \Y
D031A SCLx/SDAXx — 0.3 VbD V  |I°C enabled
D031B SCLx/SDAXx — 0.8 V |SMBus enabled
D032 MCLR Vss 02Vop | V
D033 OSCH1 Vss 0.3 VbD V |HS, HSPLL modes
D033A 0OScC1 Vss 0.2 VbD V |EC, ECPLL modes
D034 T10SI Vss 0.3 V |T10SCEN =1
VIH Input High Voltage
I/0 Ports without 5.5V
Tolerance:
D040 with TTL Buffer 0.25 VoD + 0.8V VDD V |VDD < 3.3V
D040A with TTL Buffer 2.0 VDD V |3.3V<VDD<3.6V
D041 with Schmitt Trigger Buffer 0.8 VbD VDD \Y
I/0 Ports with 5.5V Tolerance:(4)
Dxxx with TTL Buffer 0.25 VDD + 0.8V 5.5 V |VDD < 3.3V
DxxxA 2.0 5.5 V |3.3V<VDD <3.6V
Dxxx with Schmitt Trigger Buffer 0.8 VbD 5.5 \Y,
D041A SCLx/SDAXx 0.7 VbD — V  |I°C enabled
D041B SCLx/SDAXx 2.1 — V |SMBus enabled; VDD > 3V
D042 MCLR 0.8 VDD 5.5 %
D043 OSC1 0.7 VbD VDD V  |HS, HSPLL modes
D043A 0OScC1 0.8 VbD VDD V |EC, ECPLL modes
D044 T10SI 1.6 VDD V |T10SCEN =1
IPU Weak Pull-up Current
D070 |IPure |PORTB, PORTD® and 80 400 pA |VDD = 3.3V, VPIN = Vss
PORTE® Weak Pull-up Current
Note 1: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.
2: Negative current is defined as current sourced by the pin.
3: Only available in 44-pin devices.
4: Referto Table 10-2 for pin tolerance levels.
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TABLE 30-31: A/D CONVERTER CHARACTERISTICS: PIC18F47J13 FAMILY (INDUSTRIAL)

Pilr::m Symbol Characteristic Min Typ Max Units Conditions
A01 NR Resolution — — 12 bit |AVREF > 3.0V
AO03 |ELL Integral Linearity Error — <1 12 LSb |AVREF > 3.0V
AO04 |EDL Differential Linearity Error — <#1 1.5 LSb |AVREF > 3.0V
A06 |EoFr |Offset Error — <1 5 LSb |AVREF > 3.0V
AO07 |EGN Gain Error — — <+3.5 LSb |AVREF > 3.0V
A10 Monotonicity Guaranteed(!) — |Vss < VAN < VREF
A20 |AVREF |Reference Voltage Range 20 — — V |VDD < 3.0V

(VREFH — VREFL) 3 — — V  |VDD > 3.0V
A21 |VREFH |Reference Voltage High

For 10-bit resolution VREFL — VoD + 0.3V Vv

For 12-bit resolution Vss + 3V — VoD + 0.3V \%
A22 |VREFL |Reference Voltage Low

For 10-bit resolution Vss - 0.3V — VREFH Vv

For 12-bit resolution Vss - 0.3V — VDD - 3V Vv
A25 |VAIN Analog Input Voltage VREFL — VREFH Vv
A30 |ZAIN Recommended Impedance of

Analog Voltage Source

For 10-bit resolution — — 2.5 kQ

For 12-bit resolution — — 1 kQ
A50 [IREF  |VREF Input Current(® — — 5 pA | During VAIN acquisition.

— — 150 pA | During A/D conversion
cycle.

Note 1: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.

2: VREFH current is from RA3/AN3/C1INBVREF+ pin or VDD, whichever is selected as the VREFH source.
VREFL current is from RA2/AN2/C2INB/C1IND/C3INB/VREF-/CVREF pin or Vss, whichever is selected as the
VREFL source.

FIGURE 30-23: A/D CONVERSION TIMING

BSEF ADCONO, GO

—=| ~— (Note2)

o |>__ : 131 '

, — 130 -

ADCLK <1320, [!

PR CD D S G G € S SR

ADRES Do OLD_DATA >( NEW_DATA

ADIF : . _': ,: Tcy (Note 1)
GO !
SAMPLE SAMPLING STOPPED

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts.
This allows the SLEEP instruction to be executed.

DONE

2: Thisis aminimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.
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