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PIC18F47J53

TABLE 1-4: PIC18F4XJ53 PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer -
Pin Name 44- | 44- Type | Type Description
QFN |TQFP
PORTD is a bidirectional I/0 port.
RDO/PMDO/SCL2 380) | 38(3)
RDO /0 | ST/DIG Digital I/0.
PMDO /1O |ST/TTL Parallel Master Port data.
DIG
SCL2 1/0 12c 12C data input/output.
RD1/PMD1/SDA2 390) | 39(3)
RD1 I/O | ST/DIG Digital 1/0.
PMD1 /1O |ST/TTL Parallel Master Port data.
DIG
SDA2 1/0 12c 12C data input/output.
RD2/PMD2/RP19 400 | 400
RD2 I/O | ST/DIG Digital 1/0.
PMD2 /1O |ST/TTL Parallel Master Port data.
DIG
RP19 /0 | ST/DIG Remappable Peripheral Pin 19 input/output.
RD3/PMD3/RP20 410) | 41G)
RD3 /0 | ST/DIG Digital I/0.
PMD3 /1O |ST/TTL Parallel Master Port data.
DIG
RP20 /0 | ST/DIG Remappable Peripheral Pin 20 input/output.
RD4/PMD4/RP21 20 | 20
RD4 I/O | ST/DIG Digital 1/0.
PMD4 /1O |ST/TTL Parallel Master Port data.
DIG
RP21 /0 | ST/DIG Remappable Peripheral Pin 21 input/output.
RD5/PMD5/RP22 3@ | 30
RD5 /0 | ST/DIG Digital I/0.
PMD5 /1O |ST/TTL Parallel Master Port data.
DIG
RP22 /0 | ST/DIG Remappable Peripheral Pin 22 input/output.
RD6/PMD6/RP23 40) | 40
RD6 /0 | ST/DIG Digital I/0.
PMD6 /1O |ST/TTL Parallel Master Port data.
DIG
RP23 /0 | ST/DIG Remappable Peripheral Pin 23 input/output.
RD7/PMD7/RP24 5@ | 50)
RD7 I/O | ST/DIG Digital 1/0.
PMD7 /1O |ST/TTL Parallel Master Port data.
DIG
RP24 /0 | ST/DIG Remappable Peripheral Pin 24 input/output.

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

(0] = QOutput
oD = Open-Drain (no P diode to VDD)
1’c = Open-Drain, I°C specific

Note 1: RA7 and RAG will be disabled if OSC1 and OSC2 are used for the clock function.
2:  Available only on 44-pin devices (PIC18F46J53, PIC18F47J53, PIC18LF46J53 and PIC18LF47J53).

3: 5.5V tolerant.
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PIC18F47J53

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 4.0
“Low-Power Modes”.

Note 1: The Timer1 crystal driver is enabled by
setting the T1OSCEN bit in the Timer1
Control register (T1CON<3>). If the Tim-
er1 oscillator is not enabled, then any
attempt to select the Timer1 clock source
will be ignored, unless the CONFIG2L
register’s T1DIG bit is set.

3.5.2 OSCILLATOR TRANSITIONS

PIC18F47J53 family devices contain circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs
during the clock switch. The length of this pause is the
sum of two cycles of the old clock source and three to
four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Clock transitions are discussed in more detail in
Section 4.1.2 “Entering Power-Managed Modes”.

2: If Timer1 is driving a crystal, it is recom-
mended that the Timer1 oscillator be
operating and stable prior to switching to
it as the clock source; otherwise, a very
long delay may occur while the Timer1
oscillator starts.
REGISTER 3-2: OSCCON: OSCILLATOR CONTROL REGISTER (ACCESS FD3h)
R/W-0 R/W-1 R/W-1 R/W-0 R-10) R-0 R/W-0 R/W-0
IDLEN IRCF2 IRCF1 IRCFO osts | FIs | scst | sCso
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’ = Bitis cleared x = Bit is unknown

bit 7

bit 6-4

bit 3

bit 2

bit 1-0

Note 1:
2:
3:

IDLEN: Idle Enable bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters Sleep mode on SLEEP instruction
IRCF<2:0>: Internal Oscillator Frequency Select bits
111 = 8 MHz (INTOSC drives clock directly)

110 = 4 MHz®

101 =2 MHz

100 =1 MHz

011 =500 kHz

010 = 250 kHz

001 =125 kHz

000 = 31 kHz (from either INTOSC/256 or INTRC directly)(3)

OSTS: Oscillator Start-up Time-out Status bit®

1 = Oscillator Start-up Timer time-out has expired; primary oscillator is running
0 = Oscillator Start-up Timer time-out is running; primary oscillator is not ready
FLTS: Frequency Lock Tuning Status bit

1 = INTOSC is stable

0 = INTOSC is not stable

SCS<1:0>: System Clock Select bits

11 = Postscaled internal clock (INTRC/INTOSC derived)

10 = Reserved

01 = Timer1 oscillator

00 = Primary clock source (INTOSC postscaler output when FOSC<2:0> = 001 or 000)
00 = Primary clock source (CPU divider output for other values of FOSC<2:0>)

Reset value is ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.
Default output frequency of INTOSC on Reset (4 MHz).
Source selected by the INTSRC bit (OSCTUNE<7>).

© 2009-2016 Microchip Technology Inc.
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423 RC_RUN MODE

In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator; the primary clock is
shut down. This mode provides the best power conser-
vation of all the Run modes while still executing code.
It works well for user applications, which are not highly
timing-sensitive or do not require high-speed clocks at
all times.

This mode is entered by setting the SCS<1:0> bits
(OSCCON<1:0>) to ‘11’. When the clock source is
switched to the internal oscillator block (see
Figure 4-3), the primary oscillator is shut down and the
OSTS bit is cleared.

FIGURE 4-3:

On transitions from RC_RUN mode to PRI_RUN mode,
the device continues to be clocked from the INTOSC
block while the primary clock is started. When the
primary clock becomes ready, a clock switch to the
primary clock occurs (see Figure 4-4). When the clock
switch is complete, the OSTS bit is set and the primary
clock is providing the device clock. The IDLEN and
SCS bits are not affected by the switch. The INTRC
clock source will continue to run if either the WDT or the
FSCM is enabled.

TRANSITION TIMING TO RC_RUN MODE

INTRC
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FIGURE 4-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
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SCS<1:0> Bits Changed

OSTS Bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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REGISTER 4-3:  DSGPRO: DEEP SLEEP PERSISTENT GENERAL PURPOSE REGISTER 0
(BANKED F4Eh)

R/W-xxxxH)
Deep Sleep Persistent General Purpose bits
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 7-0 Deep Sleep Persistent General Purpose bits

Contents are retained even in Deep Sleep mode.

Note 1: All register bits are maintained unless: VDDCORE drops below the normal BOR threshold outside of Deep
Sleep or the device is in Deep Sleep and the dedicated DSBOR is enabled and VDD drops below the
DSBOR threshold, or DSBOR is enabled or disabled, but VDD is hard cycled to near Vss.

REGISTER 4-4: DSGPR1: DEEP SLEEP PERSISTENT GENERAL PURPOSE REGISTER 1
(BANKED F4Fh)

R/W-xxxx)
Deep Sleep Persistent General Purpose bits
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 7-0 Deep Sleep Persistent General Purpose bits

Contents are retained even in Deep Sleep mode.

Note 1: All register bits are maintained unless: VDDCORE drops below the normal BOR threshold outside of Deep
Sleep or the device is in Deep Sleep and the dedicated DSBOR is enabled and VDD drops below the
DSBOR threshold, or DSBOR is enabled or disabled, but VDD is hard cycled to near Vss.

REGISTER 4-5: DSWAKEH: DEEP SLEEP WAKE HIGH BYTE REGISTER (BANKED F4Bh)

U-0 uU-0 uU-0 u-0 U-0 U-0 uU-0 R/W-0

— — — — — — | — | psimo
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’ = Bitis cleared x = Bit is unknown
bit 7-1 Unimplemented: Read as ‘0’
bit 0 DSINTO: Interrupt-on-Change bit

1 = Interrupt-on-change was asserted during Deep Sleep
0 = Interrupt-on-change was not asserted during Deep Sleep

© 2009-2016 Microchip Technology Inc. DS30009964C-page 55
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FIGURE 5-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1

VDD —/
MCLR -

INTERNAL POR ; '

TPWRT !

PWRT TIME-OUT l

INTERNAL RESET ‘
FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD —/ X
MCLR - am

INTERNAL POR ; !

. TPWRT
PWRT TIME-OUT
INTERNAL RESET
FIGURE 5-5: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)
, 3.3V
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PWRT TIME-OUT : L

INTERNAL RESET |
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9.0 INTERRUPTS

Devices of the PIC18F47J53 family have multiple inter-
rupt sources and an interrupt priority feature that allows
most interrupt sources to be assigned a high-priority
level or a low-priority level. The high-priority interrupt
vector is at 0008h and the low-priority interrupt vector
is at 0018h. High-priority interrupt events will interrupt
any low-priority interrupts that may be in progress.

There are 19 registers, which are used to control
interrupt operation. These registers are:

+ RCON

* INTCON

* INTCON2

* INTCON3

* PIR1, PIR2, PIR3, PIR4, PIR5
* PIE1, PIE2, PIE3, PIE4, PIES
* IPR1, IPR2, IPR3, IPR4, IPR5

It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the
assembler/compiler to automatically take care of the
placement of these bits within the specified register.

In general, interrupt sources have three bits to control
their operation. They are:

» Flag bit to indicate that an interrupt event
occurred

« Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

» Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will
vector immediately to address, 0008h or 0018h,
depending on the priority bit setting. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
0008h in Compatibility mode.

When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High-priority interrupt sources can interrupt a
low-priority interrupt. Low-priority interrupts are not
processed while high-priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine (ISR),
the source(s) of the interrupt can be determined by poll-
ing the interrupt flag bits. The interrupt flag bits must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INTx pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVFF instruction to mod-
ify any of the Interrupt Control registers
while any interrupt is enabled. Doing so
may cause erratic microcontroller behav-
ior.
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10.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to five ports available. Some pins
of the I/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose 1/O pin.

Each port has three registers for its operation. These

registers are:

* TRIS register (Data Direction register)

» PORT register (reads the levels on the pins of the
device)

» LAT register (Data Latch)

The Data Latch (LAT register) is useful for read-modify-

write operations on the value that the 1/0 pins are

driving.

Figure 10-1 displays a simplified model of a generic I/O

port, without the interfaces to other peripherals.

FIGURE 10-1: GENERIC I/0 PORT
OPERATION
e
RD LAT \r\l
gata ,\
us D Q
Lo _
WR LAT 1/0 pin®
or PORT KL
Data Latch

e— D Q

WR TRIS ) oK\

TRIS Latch Input
Buffer

el
RD TRIS N

/I Q D

EN
RD PORT . {>0 _|

Note 1: /O pins have diode protection to VDD and
Vss.

10.1 1/O Port Pin Capabilities

When developing an application, the capabilities of the
port pins must be considered. Outputs on some pins
have higher output drive strength than others. Similarly,
some pins can tolerate higher than VDD input levels.

10.1.1 PIN OUTPUT DRIVE

The output pin drive strengths vary for groups of pins
intended to meet the needs for a variety of applications.
PORTB and PORTC are designed to drive higher
loads, such as LEDs. All other ports are designed for
small loads, typically indication only. Table 10-1 sum-
marizes the output capabilities. Refer to Section 31.0
“Electrical Characteristics” for more details.

TABLE 10-1: OUTPUT DRIVE LEVELS
Port Drive
PORTA

PORTD Minimum | Intended for indication.
PORTE

PORTB High Suitable for direct LED drive
PORTC 9 levels.

Description

10.1.2 INPUT PINS AND VOLTAGE
CONSIDERATIONS

The voltage tolerance of pins used as device inputs is
dependent on the pin’s input function. Pins that are used
as digital only inputs are able to handle DC voltages up
to 5.5V; a level typical for digital logic circuits. In contrast,
pins that also have analog input functions of any kind
can only tolerate voltages up to VDD. Voltage excur-
sions beyond VDD on these pins should be avoided.
Table 10-2 summarizes the input capabilities. Refer to
Section 31.0 “Electrical Characteristics” for more
details.

TABLE 10-2: INPUT VOLTAGE LEVELS
Port or Pin Tolerated Description

Input

PORTA<7:0>

PORTB<3:0> Only VDD input levels
VDD

PORTC<2:0> tolerated.

PORTE<2:0>

PORTB<7:4> Tolerates input levels

PORTC<7:6> 5.5V above VDD, useful for

PORTD<7:0> most standard logic.

PORTC<5:4> (USB) Designed for USB

specifications.

DS30009964C-page 136
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10.1.3 INTERFACING TO A 5V SYSTEM

Though the VDDMAX of the PIC18F47J53 family is 3.6V,
these devices are still capable of interfacing with 5V
systems, even if the VIH of the target system is above
3.6V. This is accomplished by adding a pull-up resistor
to the port pin (Figure 10-2), clearing the LAT bit for that
pin and manipulating the corresponding TRIS bit
(Figure 10-1) to either allow the line to be pulled high or
to drive the pin low. Only port pins that are tolerant of
voltages up to 5.5V can be used for this type of
interface (refer to Section 10.1.2 “Input Pins and
Voltage Considerations”).

FIGURE 10-2: +5V SYSTEM HARDWARE
INTERFACE
PIC18F47J53 +5V +5V Device
RD7

EXAMPLE 10-1: COMMUNICATING WITH

THE +5V SYSTEM

set up LAT register so
changing TRIS bit wll
drive line | ow

send a 0 to the 5V system
send a 1 to the 5V system

BCF LATD, 7

BCF TRISD, 7
BCF TRISD, 7

10.1.4 OPEN-DRAIN OUTPUTS

The output pins for several peripherals are also
equipped with a configurable open-drain output option.
This allows the peripherals to communicate with
external digital logic operating at a higher voltage level,
without the use of level translators.

The open-drain option is implemented on port pins
specifically associated with the data and clock outputs
of the EUSARTSs, the MSSP modules (in SPI mode) and

the ECCP modules. It is selectively enabled by setting
the open-drain control bit for the corresponding module
in the ODCON registers (Register 10-1, Register 10-2
and Register 10-3). Their configuration is discussed in
more detail with the individual port where these
peripherals are multiplexed. Output functions that are
routed through the PPS module may also use the
open-drain option. The open-drain functionality will
follow the I/O pin assignment in the PPS module.

When the open-drain option is required, the output pin
must also be tied through an external pull-up resistor
provided by the user to a higher voltage level, up to
5.5V (Figure 10-3). When a digital logic high signal is
output, it is pulled up to the higher voltage level.

FIGURE 10-3: USING THE OPEN-DRAIN
OUTPUT (USART SHOWN
AS EXAMPLE)
3.3V +5V
PIC18F47J53
VDD TXX 5v

(at logic ‘1)

10.1.5 TTL INPUT BUFFER OPTION

Many of the digital 1/O ports use Schmitt Trigger (ST)
input buffers. While this form of buffering works well
with many types of input, some applications may
require TTL level signals to interface with external logic
devices. This is particularly true for the Parallel Master
Port (PMP), which is likely to be interfaced to TTL level
logic or memory devices.

The inputs for the PMP can be optionally configured for
TTL buffers with the PMPTTL bit in the PADCFG1 reg-
ister (Register 10-4). Setting this bit configures all data
and control input pins for the PMP to use TTL buffers.
By default, these PMP inputs use the port’s ST buffers.

© 2009-2016 Microchip Technology Inc.
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TABLE 10-11: PORTE I/O SUMMARY

Pin Function STetF\;::g I/O nge Description
REOQ/ANS5/ REO 1 | ST | PORTE<0> 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 (i o_rd_i n).
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 | | ST/TTL | Parallel Master Port (i o_wr _i n).
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.
Vss1 . .
— — P — | Ground reference for logic and 1/O pins.
V/ss2
AVss1 — — P — Ground reference for analog modules.
VDD1
— — P — Positive supply for peripheral digital logic and 1/O pins.
\VDD2
VDDCORE/VCAP | VDDCORE — P — Positive supply for microcontroller core logic (regulator disabled).
o\ — P — External filter capacitor connection (regulator enabled).
AVED? — — P — Positive supply for analog modules.
AVDD2 —
VusB — — P — | USB voltage input pin.
Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level

I = 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
PORTEW — — — — — RE2 RE1 REO
LATE® — — — — — LATE2 LATE1 LATEO
TRISED RDPU REPU — — — TRISE2 TRISE1 TRISEOQ
ANCONO PCcFG7® | PcFGe®M | PCFG5W | 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 (PIC18F26J53, PIC18F27J53,

PIC18LF26J53 and PIC18LF26J53).

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 = All PORTE pull-ups are disabled
1 = PORTE pull-ups are enabled for any input pad
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REGISTER 18-4: CCPRxL: CCP4-10 PERIOD LOW BYTE REGISTER (4, BANKED F13h; 5, F10h; 6,
FODh; 7, FOAh; 8, FO7h; 9, FO4h; 10, FO1h)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CCPRxL7 CCPRxL6 CCPRxL5 CCPRxL4 | CCPRxL3 | CCPRxL2 | CCPRxL1 CCPRxLO
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 7-0 CCPRxL<7:0>: CCPx Period Register Low Byte bits

Capture Mode: Capture register low byte
Compare Mode: Compare register low byte
PWM Mode: PWM Period register low byte

REGISTER 18-5: CCPRxH: CCP4-10 PERIOD HIGH BYTE REGISTER (4, BANKED F14h; 5, F11h; 6,
FOEh; 7, FOBh; 8, FO8h; 9, FO5h; 10, FO2h)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CCPRxH7 CCPRxH6 CCPRxH5 | CCPRxH4 | CCPRxH3 | CCPRxH2 | CCPRxH1 CCPRxHO
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 7-0 CCPRxH<7:0>: CCPx Period Register High Byte bits

Capture Mode: Capture register high byte
Compare Mode: Compare register high byte
PWM Mode: PWM Period register high byte
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I°2C SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS)

FIGURE 20-10:
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After the A/D module has been configured as desired, 2.
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine acquisition time, see Section 22.1 “A/D
Acquisition Requirements”. After this acquisition 3.
time has elapsed, the A/D conversion can be started. 4.
An acquisition time can be programmed to occur
between setting the GO/DONE bit and the actual start 5.

of the conversion.

The following steps should be followed to do an A/D

conversion:

1. Configure the A/D module:

Configure A/D interrupt (if desired):

 Clear ADIF bit

» Set ADIE bit

» Set GIE bit

Wait the required acquisition time (if required).
Start conversion:

+ Set GO/DONE bit (ADCONO0<1>)

Wait for A/D conversion to complete, by either:
» Polling for the GO/DONE bit to be cleared
OR

» Waiting for the A/D interrupt

» Configure the required ADC pins as analog 6. Ezgftﬁ\:DA%?Euil; ::glusi"[ﬂirds (ADRESH:ADRESL),
pins using ANCONO, ANCON el quired. o ston 1 or sten 2
» Set voltage reference using ADCONO - Tor'he next conversion, go fo step 1 or step £,
. as required. The A/D conversion time per bit is
* Select A/D input channel (ADCONO) defined as TAD. A minimum Wait of 2 TAD is
» Select A/D acquisition time (ADCON1) required before the next acquisition starts.
» Select A/D conversion clock (ADCON1)
e Turn on A/D module (ADCONO)
FIGURE 22-2: ANALOG INPUT MODEL
VoD Sampling
Switch
vr=06v LT,
Rc<tk ' SS Rss !
T VT = 0.6V Egg/:f T CHoLD = 25 pF
= ¢ ¢ 1 vss

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to
various junctions
Ric = Interconnect Resistance
SS = Sampling Switch
CHoOLD = Sample/Hold Capacitance (from DAC)
Rss = Sampling Switch Resistance

VDD

1 2 3 4
Sampling Switch (kQ)
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23.6 USB Power Modes

Many USB applications will likely have several different
sets of power requirements and configuration. The
most common power modes encountered are Bus
Power Only, Self-Power Only and Dual Power with
Self-Power Dominance. The most common cases are
presented here. Also provided is a means of estimating
the current consumption of the USB transceiver.

23.6.1 BUS POWER ONLY

In Bus Power Only mode, all power for the application
is drawn from the USB (Figure 23-9). This is effectively
the simplest power method for the device.

In order to meet the inrush current requirements of the
USB 2.0 Specification, the total effective capacitance
appearing across VBUS and ground must be no more
than 10 yF. If not, some kind of inrush timing is
required. For more details, see Section 7.2.4 of the
USB 2.0 Specification.

According to the USB 2.0 Specification, all USB
devices must also support a Low-Power Suspend
mode. In the USB Suspend mode, devices must
consume no more than 2.5 mA from the 5V VBUS line
of the USB cable.

The host signals the USB device to enter the Suspend
mode by stopping all USB traffic to that device for more
than 3 ms. This condition will cause the IDLEIF bit in
the UIR register to become set.

During the USB Suspend mode, the D+ or D- pull-up
resistor must remain active, which will consume some
of the allowed suspend current: 2.5 mA budget.

FIGURE 23-9: BUS POWER ONLY

Low la Regulator
3.3V
VBUS )

VusB

Vss
-

23.6.2 SELF-POWER ONLY

In Self-Power Only mode, the USB application provides
its own power, with very little power being pulled from
the USB. See Figure 23-10 for an example.

Note that an attach indication is added to indicate when
the USB has been connected and the host is actively
powering VBUS.

In order to meet compliance specifications, the USB
module (and the D+ or D- pull-up resistor) should not
be enabled until the host actively drives VBUS high.
One of the 5.5V tolerant I/O pins may be used for this
purpose.

The application should never source any current onto
the 5V VBUS pin of the USB cable.

FIGURE 23-10: SELF-POWER ONLY
Attach Sense [
VBUS J\/\/\/ 5.5V Tolerant
~5V . 100 kO I/O Pin
SELF .
~3.3V VDD

=

100 kQ L_{VusB

Vss

v L <

23.6.3 DUAL POWER WITH SELF-POWER
DOMINANCE

Some applications may require a dual power option.
This allows the application to use internal power
primarily, but switch to power from the USB when no
internal power is available. See Figure 23-11 for a
simple Dual Power with Self-Power Dominance mode
example, which automatically switches between
Self-Power Only and USB Bus Power Only modes.

Dual power devices must also meet all of the special
requirements for inrush current and Suspend mode
current, and must not enable the USB module until
VBUS is driven high. See Section 23.6.1 “Bus Power
Only” and Section 23.6.2 “Self-Power Only” for
descriptions of those requirements. Additionally, dual
power devices must never source current onto the 5V
VBUS pin of the USB cable.

FIGURE 23-11: DUAL POWER EXAMPLE
100 kQ Attach Sense —
R';;‘;"Iﬁor. Vq\/\m 1/0 Pin
VE%J\S/ - , VDD
100 kQ ; VusB
ey § vss
NN\ %A7 N

Note: Users should keep in mind the limits for
devices drawing power from the USB.
According to USB Specification 2.0, this
cannot exceed 100 mA per low-power

device or 500 mA per high-power device.
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25.1 Configuring the Comparator The comparator reference supply voltage can come

Voltage Reference from either VDD and Vss, or the external VREF+ and

VREF- that are multiplexed with RA2 and RA3. The

The comparator voltage reference module is controlled voltage source is selected by the CVRSS bit
through the CVRCON register (Register 25-1). The (CVRCON<4>).

comparator voltage reference provides two ranges of
output voltage, each with 16 distinct levels. The range
to be used is selected by the CVRR bit (CVRCON<5>).
The primary difference between the ranges is the size
of the steps selected by the CVREF Selection bits
(CVR<3:0>), with one range offering finer resolution.
The equations used to calculate the output of the
comparator voltage reference are as follows:

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 31-2 in Section 31.0 “Electrical
Characteristics”).

EQUATION 25-1: CALCULATING OUTPUT
OF THE COMPARATOR
VOLTAGE REFERENCE

When CVRR =1 and CVRSS = 0:

CVREF = ((CVR<3:0>)/24) x (CVRSRC)

When CVRR = 0 and CVRSS = 0:

CVREF = (CVRSRC/4) + ((CVR<3:0>)/32) x (CVRSRC)

When CVRR =1 and CVRSS = 1:

CVREF = ((CVR<3:0>)/24) x (CVRSRC) + VREF-

When CVRR = 0 and CVRSS = 1:

CVREF = (CVRSRC/4) + ((CVR<3:0>)/32) x (CVRSRC) +VREF-)

REGISTER 25-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER (F53h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE® CVRR CVRSS CVR3 CVR2 CVR1 ‘ CVRO
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 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit is powered on
0 = CVREF circuit is powered down
bit 6 CVROE: Comparator VREF Output Enable bit(1)
1 = CVREF voltage level is also output on the RA2/AN2//C2INB/C1IND/C3INB/VREF-/CVREF pin
0 = CVREF voltage is disconnected from the RA2/AN2//C2INB/C1IND/C3INB/VREF-/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit
1 = 0to 0.667 CVRsSRC with CVRSRC/24 step size (low range)
0 = 0.25 CVRSRc to 0.75 CVRsRC with CVRSRC/32 step size (high range)
bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source, CVRSRC = (VREF+) — (VREF-)
0 = Comparator reference source, CVRSRC = AVDD — AVSS
bit 3-0 CVR<3:0>: Comparator VREF Value Selection bits (0 < (CVR<3:0>) < 15)
When CVRR = 1:
CVREF = ((CVR<3:0>)/24) e (CVRSRC)
When CVRR = 0:
CVREF = (CVRsSRcC/4) + ((CVR<3:0>)/32) ¢ (CVRSRC)

Note 1: CVROE overrides the TRIS bit setting.
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FIGURE 26-2: 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 oA

I
'« TIRVST _|

Internal Reference is stable J

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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RRNCF Rotate Right f (No Carry) SETF Set f
Syntax: RRNCF f{,d {,a}} Syntax: SETF f{,a}
Operands: 0<f<255 Operands: 0<f<255
d e [0,1] ae[01]
ae[01] Operation: FFh —> f
Operation: (f<n>) — dest<n — 1>, Status Affected: None
(f<0>) — dest<7> ’
Encoding: | o110 [ 100a | ffff | frff |
Status Affected: N, Z
Description: The contents of the specified register
Encoding: [ 0100 [ ooda [ fref [ etet | P ars sot 10 FE P 9
Description: The contents of register ' are rotated If ‘2’ is ‘0", the Access Bank is selected
one bit to the right. If ‘d’ is ‘0, the result f'a’is ‘1,' the BSR is used to select thé
is placed in W. If 'd’ is ‘1’, the result is GPR bani( default
placed back in register ‘f’ (default). ( )
e ) If ‘a’ is ‘0’ and the extended instruction
Ifa’is ‘0", the Agcess Bank will be o set is enabled, this instruction operates
selected, overriding the BSR value. If ‘a in Indexed Literal Offset Addressing
is ‘1’, then the bank will be selected as mode whenever f < 95 (5Fh). See
per the BSR value (default). Section 29.2.3 “Byte-Oriented and
If ‘a’ is ‘0’ and the extended instruction Bit-Oriented Instructions in Indexed
set is enabled, this instruction operates Literal Offset Mode” for details.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 29.2.3 “Byte-Oriented and Cycles: 1
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. Q1 Q2 Q3 Q4
|—> Decode Read Process Write
register ‘f’ Data register ‘f’
Words: 1
Cycles: 1 Example: SETF REG, 1
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 REG = S5Ah
Decode Read Process Write to After ll_:Esguctlon - FFh
register f’ Data destination B
Example 1: RRNCF REG 1, O
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF REG 0, O
Before Instruction
W = ?
REG = 1101 0111
After Instruction
W = 1110 1011
REG = 1101 0111

© 2009-2016 Microchip Technology Inc.
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CALLW Subroutine Call Using WREG MOVSF Move Indexed to f
Syntax: CALLW Syntax: MOVSF  [zg], fq
Operands: None Operands: 0<zg<127
Operation: (PC +2) > TOS, 0<fy<4095
(W) - PCL, Operation: ((FSR2) + z) — fy
(PCLATH) — PCH, Status Affected: None
(PCLATU) - PCU ’
) Encoding:
Status Affected: None 1st word (source) 1110 1011 0zzz 22224
Encoding: | 0000 | oooo [ 0001 [ o100 | 2nd word (destin.) | 1111 | ffff | ffff | ffffg
Description First, the return address (PC + 2) is Description: The contents of the source register are
pushed onto the return stack. Next, the moved to destination register ‘fy’. The
contents of W are written to PCL; the actual address of the source register is
existing value is discarded. Then, the determined by adding the 7-bit literal
contents of PCLATH and PCLATU are offset ‘zg’, in the first word, to the value
latched into PCH and PCU, of FSR2. The address of the destination
respectively. The second cycle is register is specified by the 12-bit literal
executed as a NOP instruction while the ‘fq’ in the second word. Both addresses
new next instruction is fetched. can be anywhere in the 4096-byte data
Unlike CALL, there is no option to space (000h to FFFh).
update W, STATUS or BSR. The MOVSF instruction cannot use the
Words: 1 PCL‘, TQSU, TQSH or TOSL as the
destination register.
Cycles: 2
y o If the resultant source address points to
Q Cycle Activity: an Indirect Addressing register, the
Q1 Q2 Q3 Q4 value returned will be 00h.
Decode Read Push PC to No Words: 2
WREG stack operation Cvel 5
cles:
No No No No y o
operation | operation | operation | operation Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Determine | Determine Read
Example: HERE CALLW source addr |source addr | source reg
Before Instruction Decode No No Write
PC = address (HERE) operation operation register ‘f’
PCLATH = 10h dest
PCLATU =  00h No dummy (dest)
w =  06h read
After Instruction
PC = 001006h
TOS = address (HERE + 2) Example: MOVSF [05h], RE&X
PCLATH =  10h .
PCLATU =  00h Before Instruction
w = 06h FSR2 = 80h
Contents
of 85h = 33h
REG2 = 11h
After Instruction
FSR2 = 80h
Contents
of 85h = 33h
REG2 = 33h
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31.2

DC Characteristics: Power-Down and Supply Current

PIC18F47J53 Family (Industrial) (Continued)

PIC18LF47J53 Family

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial
. Standard Operating Conditions (unless otherwise stated)
e R Operating temperature -40°C < TA < +85°C for industrial
Pal\rlz(a)m. Device Typ. | Max. | Units Conditions
Supply Current (Iob)@
PIC18LFXXJ53| 0.61 | 1.25 | mA | -40°C
5 VDD = 2.0V,
062 | 1.25 | mA | *25°C | \ppeone = 2.0v
0.64 | 1.35 | mA | +85°C
PIC18LFXXJ53| 0.99 | 1.70 | mA | -40°C
5 VDD = 2.5V,
0.96 | 1.70 | mA | +25°C \VDDCORE = 2.5V . .
0.94 | 1.82 | mA | +85°C osc = Z
. PRI_RUN mode,
PIC18FXXJ53| 0.78 | 1.60 | mA | -40°C VoD = 215V EC Oscillator
0.78 | 1.60 | mA | +25°C A
VDDCORE = 10 puF
0.78 | 1.70 | mA | +85°C
PIC18FXXJ53| 1.10 | 1.95 | mA | -40°C
S VDD = 3.3V,
1.02 | 1.90 | mA | +25°C VDDCORE = 10 uF
1.00 | 2.00 | mA | +85°C
PIC18LFXXJ53| 9.8 | 14.8 | mA | -40°C
VDD = 2.5V
95 | 148 | mA | +25°C ’
VDDCORE = 2.5V -
9.4 [ 151 | mA | +85°C Fosc = 48 MHz,
S PRI_RUN mode,
PIC18FXXJ53| 109 | 19.5 | mA | -40°C VoD = 3.3V EC Oscillator
10.2 | 19.5 | mA | +25°C VDDCORE = 10 uF
99 | 195 | mA | +85°C
Note 1: The power-down currentin Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that
add delta current disabled (such as WDT, Timer1 oscillator, BOR, etc.).
2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as
1/0 pin loading and switching rate, oscillator type and circuit, internal code execution pattern and temperature,
also have an impact on the current consumption. All features that add delta current are disabled (USB module,
WDT, etc.). The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD/VsS;
MCLR = VDD; WDT disabled unless otherwise specified.
3: Low-power Timer1 with standard, low-cost 32 kHz crystals have an operating temperature range of -10°C to
+70°C. Extended temperature crystals are available at a much higher cost.
4: This is the module differential current when the USB module is enabled and clocked at 48 MHz, but with no USB

cable attached. When the USB cable is attached or data is being transmitted, the current consumption may be
much higher (see Section 23.6.4 “USB Transceiver Current Consumption”). During USB Suspend mode
(USBEN =1, SUSPND =1, bus in Idle state), the USB module current will be dominated by the D+ or D- pull-up
resistor. The integrated pull-up resistors use “resistor switching” according to the r esi st or _ecn supplement to
the USB 2.0 Specifications, and therefore, may be as low as 900Q during Idle conditions.

DS30009964C-page 508 © 2009-2016 Microchip Technology Inc.




PIC18F47J53

TABLE 31-7: USB MODULE SPECIFICATIONS
Operating Conditions: -40°C < TAa < +85°C (unless otherwise stated)
PaNrZ\m. Sym. Characteristics Min. Typ. Max. Units Comments
D313 VusB USB Voltage 3.0 — 3.6 V  |Voltage on VusB pin must
be in this range for proper
USB operation
D314 liL Input Leakage on D+ or D- — — +0.2 pA  |Vss < VPIN < VUsB
D315 ViLusB |Input Low Voltage for — — 0.8 V  |For VusB range
USB Buffer
D316 VIHUSB |Input High Voltage for 20 — — V  |For VusB range
USB Buffer
D318 VDIFS Differential Input Sensitivity — — 0.2 V  |The difference between D+
and D- must exceed this
value while VCM is met
D319 VcMm Differential Common Mode 0.8 — 25 \
Range
D320 Zout Driver Output Impedance(l) 28 — 44 Q
D321 VoL Voltage Output Low 0.0 — 0.3 V  |1.5kQ load connected to
3.6V
D322 VOoH Voltage Output High 2.8 — 3.6 V  [1.5kQ load connected to
ground
Note 1: The D+ and D- signal lines have built-in impedance matching resistors. No external resistors, capacitors or

magnetic components are necessary on the D+/D- signal paths between the PIC18F47J53 family device
and a USB cable.
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28-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

http://www.microchip.com/packaging

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

C
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SILK SCREEN
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RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits|  MIN__ [ NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X28) X1 0.45
Contact Pad Length (X28) Y1 1.75
Distance Between Pads G 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2073A
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