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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC18F47J53
REGISTER 4-6: DSWAKEL: DEEP SLEEP WAKE LOW BYTE REGISTER (BANKED F4Ah)

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

DSFLT — DSULP DSWDT DSRTC DSMCLR — DSPOR

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 DSFLT: Deep Sleep Fault Detected bit

1 = A Deep Sleep Fault was detected during Deep Sleep
0 = A Deep Sleep Fault was not detected during Deep Sleep

bit 6 Unimplemented: Read as ‘0’

bit 5 DSULP: Ultra Low-Power Wake-up Status bit

1 = An ultra low-power wake-up event occurred during Deep Sleep
0 = An ultra low-power wake-up event did not occur during Deep Sleep

bit 4 DSWDT: Deep Sleep Watchdog Timer Time-out bit

1 = The Deep Sleep Watchdog Timer timed out during Deep Sleep
0 = The Deep Sleep Watchdog Timer did not time out during Deep Sleep

bit 3 DSRTC: Real-Time Clock and Calendar Alarm bit 

1 = The Real-Time Clock/Calendar triggered an alarm during Deep Sleep
0 = The Real-Time Clock /Calendar did not trigger an alarm during Deep Sleep

bit 2 DSMCLR: MCLR Event bit

1 = The MCLR pin was asserted during Deep Sleep
0 = The MCLR pin was not asserted during Deep Sleep

bit 1 Unimplemented: Read as ‘0’

bit 0 DSPOR: Power-on Reset Event bit

1 = The VDD supply POR circuit was active and a POR event was detected(1)

0 = The VDD supply POR circuit was not active, or was active, but did not detect a POR event

Note 1: Unlike the other bits in this register, this bit can be set outside of Deep Sleep.
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PIC18F47J53
5.7 Reset State of Registers

Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset
state” depending on the type of Reset that occurred.

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal
operation. Status bits from the RCON register (CM, RI,

TO, PD, POR and BOR) are set or cleared differently in
different Reset situations, as indicated in Table 5-1.
These bits are used in software to determine the nature
of the Reset. 

Table 5-2 describes the Reset states for all of the
Special Function Registers. These are categorized by
POR and BOR, MCLR and WDT Resets and WDT
wake-ups.

TABLE 5-1: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR 
RCON REGISTER 

Condition
Program 

Counter(1)

RCON Register STKPTR Register

CM RI TO PD POR BOR STKFUL STKUNF

Power-on Reset 0000h 1 1 1 1 0 0 0 0

RESET instruction 0000h u 0 u u u u u u

Brown-out Reset 0000h 1 1 1 1 u 0 u u

Configuration Mismatch Reset 0000h 0 u u u u u u u

MCLR Reset during 
power-managed Run modes

0000h u u 1 u u u u u

MCLR Reset during 
power-managed Idle modes and 
Sleep mode

0000h u u 1 0 u u u u

MCLR Reset during full-power 
execution

0000h u u u u u u u u

Stack Full Reset (STVREN = 1) 0000h u u u u u u 1 u

Stack Underflow Reset 
(STVREN = 1)

0000h u u u u u u u 1

Stack Underflow Error (not an 
actual Reset, STVREN = 0)

0000h u u u u u u u 1

WDT time-out during full-power 
or power-managed Run modes

0000h u u 0 u u u u u

WDT time-out during 
power-managed Idle or Sleep 
modes

PC + 2 u u 0 0 u u u u

Interrupt exit from 
power-managed modes

PC + 2 u u u 0 u u u u

Legend: u = unchanged

Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bit is set, the PC is loaded with the 
interrupt vector (0008h or 0018h).
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6.1.1 HARD MEMORY VECTORS

All PIC18 devices have a total of three hard-coded
return vectors in their program memory space. The
Reset vector address is the default value to which the
program counter returns on all device Resets; it is
located at 0000h.

PIC18 devices also have two interrupt vector
addresses for handling high-priority and low-priority
interrupts. The high-priority interrupt vector is located at
0008h and the low-priority interrupt vector at 0018h.
Figure 6-2 provides their locations in relation to the
program memory map.

FIGURE 6-2: HARD VECTOR AND 
CONFIGURATION WORD 
LOCATIONS FOR 
PIC18F47J53 FAMILY 
DEVICES

6.1.2 FLASH CONFIGURATION WORDS

Because PIC18F47J53 family devices do not have
persistent configuration memory, the top four words of
on-chip program memory are reserved for configuration
information. On Reset, the configuration information is
copied into the Configuration registers. 

The Configuration Words are stored in their program
memory location in numerical order, starting with the
lower byte of CONFIG1 at the lowest address and
ending with the upper byte of CONFIG4. 

Table 6-1 provides the actual addresses of the Flash
Configuration Word for devices in the PIC18F47J53
family. Figure 6-2 displays their location in the memory
map with other memory vectors.

Additional details on the device Configuration Words
are provided in Section 28.1 “Configuration Bits”.

TABLE 6-1: FLASH CONFIGURATION 
WORD FOR PIC18F47J53 
FAMILY DEVICESReset Vector

Low-Priority Interrupt Vector

0000h

0018h

On-Chip
Program Memory

High-Priority Interrupt Vector 0008h

1FFFFFh

(Top of Memory)
(Top of Memory-7)Flash Configuration Words

Read as ‘0’

Legend: (Top of Memory) represents upper boundary 
of on-chip program memory space (see 
Figure 6-1 for device-specific values). 
Shaded area represents unimplemented 
memory. Areas are not shown to scale. 

Device
Program 
Memory 
(Kbytes)

Configuration 
Word Addresses

PIC18F26J53
64 FFF8h to FFFFh

PIC18F46J53

PIC18F27J53
128 1FFF8h to 1FFFFh

PIC18F47J53
 2009-2016 Microchip Technology Inc.  DS30009964C-page 77



PIC18F47J53
6.6.3 MAPPING THE ACCESS BANK IN 
INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the lower part of Access RAM
(00h to 5Fh) is mapped. Rather than containing just the
contents of the bottom part of Bank 0, this mode maps
the contents from Bank 0 and a user-defined “window”
that can be located anywhere in the data memory
space. The value of FSR2 establishes the lower
boundary of the addresses mapped to the window,
while the upper boundary is defined by FSR2 plus 95
(5Fh). Addresses in the Access RAM above 5Fh are
mapped as previously described (see Section 6.3.3
“Access Bank”). Figure 6-10 provides an example of
Access Bank remapping in this addressing mode.

Remapping of the Access Bank applies only to opera-
tions using the Indexed Literal Offset mode. Operations
that use the BSR (Access RAM bit is ‘1’) will continue
to use Direct Addressing as before. Any Indirect or
Indexed Addressing operation that explicitly uses any
of the indirect file operands (including FSR2) will con-
tinue to operate as standard Indirect Addressing. Any
instruction that uses the Access Bank, but includes a
register address of greater than 05Fh, will use Direct
Addressing and the normal Access Bank map.

6.6.4 BSR IN INDEXED LITERAL OFFSET 
MODE

Although the Access Bank is remapped when the
extended instruction set is enabled, the operation of the
BSR remains unchanged. Direct Addressing, using the
BSR to select the data memory bank, operates in the
same manner as previously described.

FIGURE 6-10: REMAPPING THE ACCESS BANK WITH INDEXED LITERAL OFFSET ADDRESSING 

Data Memory

000h

100h

200h

F60h

F00h

FFFh

Bank 1

Bank 15

Bank 2
through
Bank 14

SFRs

05Fh
ADDWF f, d, a

FSR2H:FSR2L = 120h

Locations in the region
from the FSR2 Pointer
(120h) to the pointer plus
05Fh (17Fh) are mapped
to the bottom of the
Access RAM (000h-05Fh).

Special Function Registers
at F60h through FFFh are
mapped to 60h through
FFh, as usual.

Bank 0 addresses below
5Fh are not available in
this mode. They can still
be addressed by using the
BSR.

Access Bank

00h

FFh

Bank 0

SFRs

Bank 1 “Window”

Not Accessible

Window

Example Situation:

120h
17Fh

5Fh
60h
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7.0 FLASH PROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD

range.

A read from program memory is executed on 1 byte at
a time. A write to program memory is executed on
blocks of 64 bytes at a time or 2 bytes at a time.
Program memory is erased in blocks of 1024 bytes at
a time. A bulk erase operation may not be issued from
user code.

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

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

7.1 Table Reads and Table Writes

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

• Table Read (TBLRD)

• Table Write (TBLWT)

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

Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 7-1 illustrates the operation of a table read with
program memory and data RAM.

Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 7.5 “Writing
to Flash Program Memory”. Figure 7-2 illustrates the
operation of a table write with program memory and data
RAM.

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

FIGURE 7-1: TABLE READ OPERATION

Table Pointer(1)

Table Latch (8-bit)
Program Memory

TBLPTRH TBLPTRL
TABLAT

TBLPTRU

Instruction: TBLRD*

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

Program Memory
(TBLPTR)
DS30009964C-page 104   2009-2016 Microchip Technology Inc.



PIC18F47J53
10.7.3.1 Input Mapping

The inputs of the PPS options are mapped on the basis
of the peripheral; that is, a control register associated
with a peripheral dictates the pin it will be mapped to. The
RPINRx registers are used to configure peripheral input
mapping (see Register 10-6 through Register 10-23).
Each register contains a 5-bit field which is associated

with one of the pin selectable peripherals. Programming
a given peripheral’s bit field with an appropriate 5-bit
value maps the RPn pin with that value to that peripheral.
For any given device, the valid range of values for any of
the bit fields corresponds to the maximum number of
Peripheral Pin Selections supported by the device.

TABLE 10-13: SELECTABLE INPUT SOURCES (MAPS INPUT TO FUNCTION)(1)

Input Name Function Name Register
Configuration

Bits

External Interrupt 1 INT1 RPINR1 INTR1R<4:0>

External Interrupt 2 INT2 RPINR2 INTR2R<4:0>

External Interrupt 3 INT3 RPINR3 INTR3R<4:0>

Timer0 External Clock Input T0CKI RPINR4 T0CKR<4:0>

Timer3 External Clock Input T3CKI RPINR6 T3CKR<4:0>

Timer5 External Clock Input T5CKI RPINR15 T5CKR<4:0>

Input Capture 1 CCP1 RPINR7 IC1R<4:0>

Input Capture 2 CCP2 RPINR8 IC2R<4:0>

Input Capture 3 CCP3 RPINR9 IC3R<4:0>

Timer1 Gate Input T1G RPINR12 T1GR<4:0>

Timer3 Gate Input T3G RPINR13 T3GR<4:0>

Timer5 Gate Input T5G RPINR14 T5GR<4:0>

EUSART2 Asynchronous Receive/Synchronous 
Receive

RX2/DT2 RPINR16 RX2DT2R<4:0>

EUSART2 Asynchronous Clock Input CK2 RPINR17 CK2R<4:0>

SPI2 Data Input SDI2 RPINR21 SDI2R<4:0>

SPI2 Clock Input SCK2IN RPINR22 SCK2R<4:0>

SPI2 Slave Select Input SS2IN RPINR23 SS2R<4:0>

PWM Fault Input FLT0 RPINR24 OCFAR<4:0>

Note 1: Unless otherwise noted, all inputs use the Schmitt Trigger input buffers.
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11.2.5.2 WRITE TO SLAVE PORT

When chip select is active and a write strobe occurs
(PMCSx = 1 and PMWR = 1), the data from PMD<7:0>
is captured into one of the four input buffer bytes.
Which byte is written depends on the 2-bit address
placed on ADDRL<1:0>. 

Table 11-1 provides the corresponding input registers
and their associated address.

When an input buffer is written, the corresponding IBxF
bit is set. The IBF flag bit is set when all the buffers are
written. If any buffer is already written (IBxF = 1), the
next write strobe to that buffer will generate an OBUF
event and the byte will be discarded.

FIGURE 11-8: PARALLEL SLAVE PORT WRITE WAVEFORMS   

PMCSx

                                                                                            |    Q4    |    Q1    |    Q2    |    Q3    |    Q4    

PMWR

PMRD

PMD<7:0>

IBF

PMPIF

PMA<1:0>
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11.4 Application Examples

This section introduces some potential applications for
the PMP module.

11.4.1 MULTIPLEXED MEMORY OR 
PERIPHERAL

Figure 11-27 demonstrates the hookup of a memory or
another addressable peripheral in Full Multiplex mode.
Consequently, this mode achieves the best pin saving
from the microcontroller perspective. However, for this
configuration, there needs to be some external latches
to maintain the address. 

FIGURE 11-27: MULTIPLEXED ADDRESSING APPLICATION EXAMPLE

11.4.2 PARTIALLY MULTIPLEXED 
MEMORY OR PERIPHERAL

Partial multiplexing implies using more pins; however,
for a few extra pins, some extra performance can be
achieved. Figure 11-28 provides an example of a
memory or peripheral that is partially multiplexed with

an external latch. If the peripheral has internal latches,
as displayed in Figure 11-29, then no extra circuitry is
required except for the peripheral itself.

FIGURE 11-28: EXAMPLE OF A PARTIALLY MULTIPLEXED ADDRESSING APPLICATION

FIGURE 11-29: EXAMPLE OF AN 8-BIT MULTIPLEXED ADDRESS AND DATA APPLICATION

PMD<7:0>

PMALH

D<7:0>

373 A<13:0>
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PMWR

OE WR

CE

PIC18F

Address Bus

Data Bus

Control Lines

PMCSx

PMALL
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PMWR
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PIC18F
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WR 

CS

PIC18F
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Control Lines
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PMALL
AD<7:0>

Parallel Peripheral

PMD<7:0>
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13.7 Resetting Timer1 Using the ECCP 
Special Event Trigger

If ECCP1 or ECCP2 is configured to use Timer1 and to
generate a Special Event Trigger in Compare mode
(CCPxM<3:0> = 1011), this signal will reset Timer3.
The trigger from ECCP2 will also start an A/D conver-
sion if the A/D module is enabled (see Section 19.3.4
“Special Event Trigger” for more information). 

The module must be configured as either a timer or a
synchronous counter to take advantage of this feature.
When used this way, the CCPRxH:CCPRxL register
pair effectively becomes a period register for Timer1. 

If Timer1 is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timer1 coincides with a
Special Event Trigger, the write operation will take
precedence.

13.8 Timer1 Gate

The Timer1 can be configured to count freely or the count
can be enabled and disabled using the Timer1 gate
circuitry. This is also referred to as Timer1 gate count
enable.

The Timer1 gate can also be driven by multiple
selectable sources.

13.8.1 TIMER1 GATE COUNT ENABLE

The Timer1 Gate Enable mode is enabled by setting
the TMR1GE bit of the T1GCON register. The polarity
of the Timer1 Gate Enable mode is configured using
the T1GPOL bit of the T1GCON register.

When Timer1 Gate Enable mode is enabled, Timer1
will increment on the rising edge of the Timer1 clock
source. When Timer1 Gate Enable mode is disabled,
no incrementing will occur and Timer1 will hold the
current count. See Figure 13-4 for timing details.

TABLE 13-3: TIMER1 GATE ENABLE 
SELECTIONS

FIGURE 13-4: TIMER1 GATE COUNT ENABLE MODE

Note: The Special Event Trigger from the
ECCPx module will not set the TMR1IF
interrupt flag bit (PIR1<0>). 

T1CLK T1GPOL T1G Timer1 Operation

 0 0 Counts

 0 1 Holds Count

 1 0 Holds Count

 1 1 Counts

TMR1GE

T1GPOL

T1G_IN

T1CKI

T1GVAL

Timer1 N N + 1 N + 2 N + 3 N + 4
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17.1.3 ALRMVALH AND ALRMVALL 
REGISTER MAPPINGS 

 

 

REGISTER 17-14: ALRMMNTH: ALARM MONTH VALUE REGISTER(1)

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

— — — MTHTEN0 MTHONE3 MTHONE2 MTHONE1 MTHONE0

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’

bit 4 MTHTEN0: Binary Coded Decimal Value of Month’s Tens Digit bit
Contains a value of 0 or 1.

bit 3-0 MTHONE<3:0>: Binary Coded Decimal Value of Month’s Ones Digit bits
Contains a value from 0 to 9.

Note 1: A write to this register is only allowed when RTCWREN = 1.

REGISTER 17-15: ALRMDAY: ALARM DAY VALUE REGISTER(1)

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

— — DAYTEN1 DAYTEN0 DAYONE3 DAYONE2 DAYONE1 DAYONE0

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 Unimplemented: Read as ‘0’

bit 5-4 DAYTEN<1:0>: Binary Coded Decimal Value of Day’s Tens Digit bits
Contains a value from 0 to 3.

bit 3-0 DAYONE<3:0>: Binary Coded Decimal Value of Day’s Ones Digit bits
Contains a value from 0 to 9.

Note 1: A write to this register is only allowed when RTCWREN = 1.
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21.2.2 EUSART ASYNCHRONOUS 
RECEIVER

The receiver block diagram is displayed in Figure 21-6.
The data is received on the RXx pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter, operating at x16 times the baud
rate, whereas the main receive serial shifter operates
at the bit rate or at FOSC. This mode would typically be
used in RS-232 systems.

To set up an Asynchronous Reception:

1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

3. If interrupts are desired, set enable bit, RCxIE.

4. If 9-bit reception is desired, set bit, RX9.

5. Enable the reception by setting bit, CREN.

6. Flag bit, RCxIF, will be set when reception is
complete and an interrupt will be generated if
enable bit, RCxIE, was set.

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

8. Read the 8-bit received data by reading the
RCREGx register.

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

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

21.2.3 SETTING UP 9-BIT MODE WITH 
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If interrupts are required, set the RCEN bit and
select the desired priority level with the RCxIP bit.

4. Set the RX9 bit to enable 9-bit reception.

5. Set the ADDEN bit to enable address detect.

6. Enable reception by setting the CREN bit.

7. The RCxIF bit will be set when reception is
complete. The interrupt will be Acknowledged if
the RCxIE and GIE bits are set.

8. Read the RCSTAx register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREGx to determine if the device is
being addressed.

10. If any error occurred, clear the CREN bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

FIGURE 21-6: EUSARTx RECEIVE BLOCK DIAGRAM 

x64 Baud Rate CLK

Baud Rate Generator

RXx

Pin Buffer
and Control

SPEN

Data
Recovery

CREN OERR FERR

RSR RegisterMSb LSb

RX9D RCREGx Register
FIFO

Interrupt RCxIF

RCxIE

Data Bus

8

 64

 16
or

Stop Start(8) 7 1 0

RX9



SPBRGxSPBRGHxBRG16

or
 4
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23.4.4 PING-PONG BUFFERING

An endpoint is defined to have a ping-pong buffer when
it has two sets of BD entries: one set for an Even
transfer and one set for an Odd transfer. This allows the
CPU to process one BD while the SIE is processing the
other BD. Double-buffering BDs in this way allows for
maximum throughput to/from the USB.

The USB module supports four modes of operation:

• No ping-pong support

• Ping-pong buffer support for OUT Endpoint 0 only

• Ping-pong buffer support for all endpoints

• Ping-pong buffer support for all other endpoints 
except Endpoint 0

The ping-pong buffer settings are configured using the
PPB<1:0> bits in the UCFG register.

The USB module keeps track of the Ping-Pong Pointer
individually for each endpoint. All pointers are initially
reset to the Even BD when the module is enabled. After

the completion of a transaction (UOWN cleared by the
SIE), the pointer is toggled to the Odd BD. After the
completion of the next transaction, the pointer is
toggled back to the Even BD and so on.

The Even/Odd status of the last transaction is stored in
the PPBI bit of the USTAT register. The user can reset
all Ping-Pong Pointers to Even using the PPBRST bit.

Figure 23-6 shows the four different modes of
operation and how USB RAM is filled with the BDs.

BDs have a fixed relationship to a particular endpoint,
depending on the buffering configuration. Table 23-2
provides the mapping of BDs to endpoints. This
relationship also means that gaps may occur in the
BDT if endpoints are not enabled contiguously. This,
theoretically, means that the BDs for disabled
endpoints could be used as buffer space. In practice,
users should avoid using such spaces in the BDT
unless a method of validating BD addresses is
implemented.

FIGURE 23-6: BUFFER DESCRIPTOR TABLE MAPPING FOR BUFFERING MODES

EP1 IN Even

EP1 OUT Even

EP1 OUT Odd

EP1 IN Odd

Descriptor

Descriptor

Descriptor

Descriptor

EP1 IN 
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EP1 OUT 

EP0 OUT 
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EP0 OUT Odd

EP1 OUT 

Ping-Pong Buffer 

EP15 IN Odd

EP0 IN Even

EP0 OUT Even

PPB<1:0> = 10

EP0 OUT Odd

EP0 IN Odd

Ping-Pong Buffers

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

Descriptor

D00h

DFFh DFFh DFFh

D00h D00h

D7Fh

D83h

Available
as

Data RAM Available
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Data RAM

Maximum Memory 
Used: 128 bytes
Maximum BDs: 
32 (BD0 to BD31)

Maximum Memory 
Used: 132 bytes
Maximum BDs: 
33 (BD0 to BD32)

Maximum Memory 
Used: 256 bytes
Maximum BDs: 6
4 (BD0 to BD63)

Note: Memory area is not shown to scale.

Descriptor
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EP1 OUT Odd
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24.2 Comparator Operation

A single comparator is shown in Figure 24-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input, VIN-, the output of the compara-
tor is a digital low level. When the analog input at VIN+
is greater than the analog input, VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 24-2 represent
the uncertainty due to input offsets and response time.

FIGURE 24-2: SINGLE COMPARATOR

24.3 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. The response time
of the comparator differs from the settling time of the
voltage reference. Therefore, both of these times must
be considered when determining the total response to
a comparator input change. Otherwise, the maximum
delay of the comparators should be used (see
Section 31.0 “Electrical Characteristics”).

24.4 Analog Input Connection
Considerations

Figure 24-3 provides a simplified circuit for an analog
input. Since the analog pins are connected to a digital
output, they have reverse biased diodes to VDD and
VSS. The analog input, therefore, must be between VSS

and VDD. If the input voltage deviates from this range
by more than 0.6V in either direction, one of the diodes
is forward biased and a latch-up condition may occur.
A maximum source impedance of 10 k is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 24-3: COMPARATOR ANALOG INPUT MODEL 

Output

VIN-

VIN+

–

+VIN+

VIN-
Output

VA

RS < 10k

AIN

CPIN
5 pF

VDD

VT = 0.6V

VT = 0.6V

RIC

ILEAKAGE
±100 nA

VSS

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
RS = Source Impedance
VA = Analog Voltage

Comparator
Input
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24.6 Comparator Interrupts

The comparator interrupt flag is set whenever any of
the following occurs:

• Low-to-high transition of the comparator output

• High-to-low transition of the comparator output

• Any change in the comparator output

The comparator interrupt selection is done by the
EVPOL<1:0> bits in the CMxCON register
(CMxCON<4:3>).

In order to provide maximum flexibility, the output of the
comparator may be inverted using the CPOL bit in the
CMxCON register (CMxCON<5>). This is functionally
identical to reversing the inverting and non-inverting
inputs of the comparator for a particular mode.

An interrupt is generated on the low-to-high or high-to-
low transition of the comparator output. This mode of
interrupt generation is dependent on EVPOL<1:0> in
the CMxCON register. When EVPOL<1:0> = 01 or 10,
the interrupt is generated on a low-to-high or high-to-
low transition of the comparator output. Once the
interrupt is generated, it is required to clear the interrupt
flag by software.

When EVPOL<1:0> = 11, the comparator interrupt flag
is set whenever there is a change in the output value of
either comparator. Software will need to maintain
information about the status of the output bits, as read
from CMSTAT<1:0>, to determine the actual change
that occurred. The CMxIF bits (PIR2<6:5>) are the
Comparator x Interrupt Flags. The CMxIF bits must be
reset by clearing them. Since it is also possible to write
a ‘1’ to this register, a simulated interrupt may be
initiated.

Table 24-2 provides the interrupt generation
corresponding to comparator input voltages and
EVPOL bit settings.

Both the CMxIE bits (PIE2<6:5>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit (INTCON<7>) must also be set.
If any of these bits are clear, the interrupt is not
enabled, though the CMxIF bits will still be set if an
interrupt condition occurs. 

Figure 24-3 provides a simplified diagram of the
interrupt section.

TABLE 24-2: COMPARATOR INTERRUPT GENERATION

CPOL EVPOL<1:0>
Comparator

Input Change
COUTx Transition

Interrupt
Generated

0

00
VIN+ > VIN- Low-to-High No

VIN+ < VIN- High-to-Low No

01
VIN+ > VIN- Low-to-High Yes

VIN+ < VIN- High-to-Low No

10
VIN+ > VIN- Low-to-High No

VIN+ < VIN- High-to-Low Yes

11
VIN+ > VIN- Low-to-High Yes

VIN+ < VIN- High-to-Low Yes

1

00
VIN+ > VIN- High-to-Low No

VIN+ < VIN- Low-to-High No

01
VIN+ > VIN- High-to-Low No

VIN+ < VIN- Low-to-High Yes

10
VIN+ > VIN- High-to-Low Yes

VIN+ < VIN- Low-to-High No

11
VIN+ > VIN- High-to-Low Yes

VIN+ < VIN- Low-to-High Yes
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26.1 Operation

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a
trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.

When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

The trip point voltage is software programmable to any
one of 16 values. The trip point is selected by
programming the HLVDL<3:0> bits (HLVDCON<3:0>).

Additionally, the HLVD module allows the user to
supply the trip voltage to the module from an external
source. This mode is enabled when bits, HLVDL<3:0>,
are set to ‘1111’. In this state, the comparator input is
multiplexed from the external input pin, HLVDIN. This
gives users flexibility because it allows them to
configure the HLVD interrupt to occur at any voltage in
the valid operating range.

FIGURE 26-1: HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT) 
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1
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o
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U
X
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28.4 Two-Speed Start-up

The Two-Speed Start-up feature helps to minimize the
latency period, from oscillator start-up to code execu-
tion, by allowing the microcontroller to use the INTRC
oscillator as a clock source until the primary clock
source is available. It is enabled by setting the IESO
Configuration bit.

Two-Speed Start-up should be enabled only if the
primary oscillator mode is HS or HSPLL
(Crystal-Based) modes. Since the EC and ECPLL
modes do not require an Oscillator Start-up Timer
(OST) delay, Two-Speed Start-up should be disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the inter-
nal oscillator block as the clock source, following the
time-out of the Power-up Timer after a Power-on Reset
is enabled. This allows almost immediate code
execution while the primary oscillator starts and the
OST is running. Once the OST times out, the device
automatically switches to PRI_RUN mode.

In all other power-managed modes, Two-Speed
Start-up is not used. The device will be clocked by the
currently selected clock source until the primary clock
source becomes available. The setting of the IESO bit
is ignored.

FIGURE 28-3: TIMING TRANSITION FOR TWO-SPEED START-UP (INTRC TO HSPLL) 

28.4.1 SPECIAL CONSIDERATIONS FOR 
USING TWO-SPEED START-UP

While using the INTRC oscillator in Two-Speed
Start-up, the device still obeys the normal command
sequences for entering power-managed modes,
including serial SLEEP instructions (refer to
Section 4.1.4 “Multiple Sleep Commands”). In
practice, this means that user code can change the
SCS<1:0> bit settings or issue SLEEP instructions
before the OST times out. This would allow an applica-
tion to briefly wake-up, perform routine “housekeeping”
tasks and return to Sleep before the device starts to
operate from the primary oscillator.

User code can also check if the primary clock source is
currently providing the device clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the clock. Otherwise,
the internal oscillator block is providing the clock during
wake-up from Reset or Sleep mode.

28.5 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the
microcontroller to continue operation in the event of an
external oscillator failure by automatically switching the
device clock to the internal oscillator block. The FSCM
function is enabled by setting the FCMEN Configuration
bit.

When FSCM is enabled, the INTRC oscillator runs at
all times to monitor clocks to peripherals and provide a
backup clock in the event of a clock failure. Clock
monitoring (shown in Figure 28-4) is accomplished by
creating a sample clock signal, which is the INTRC out-
put divided by 64. This allows ample time between
FSCM sample clocks for a peripheral clock edge to
occur. The peripheral device clock and the sample
clock are presented as inputs to the clock monitor latch.
The clock monitor is set on the falling edge of the
device clock source but cleared on the rising edge of
the sample clock.
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COMF Complement f

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

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

Operation: f  dest

Status Affected: N, Z

Encoding: 0001 11da ffff ffff

Description: The contents of register ‘f’ are 
complemented. If ‘d’ is ‘0’, the result is 
stored in W. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’ (default). 

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 

If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f 95 (5Fh). See 
Section 29.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to
destination

Example: COMF REG, 0, 0

Before Instruction
REG = 13h

After Instruction
REG = 13h
W = ECh

CPFSEQ Compare f with W, Skip if f = W

Syntax: CPFSEQ    f {,a}

Operands: 0  f  255
a  [0,1]

Operation: (f) – (W), 
skip if (f) = (W) 
(unsigned comparison)

Status Affected: None

Encoding: 0110 001a ffff ffff

Description: Compares the contents of data memory 
location ‘f’ to the contents of W by 
performing an unsigned subtraction.

If ‘f’ = W, then the fetched instruction is 
discarded and a NOP is executed 
instead, making this a 2-cycle 
instruction. 

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 

If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f 95 (5Fh). See 
Section 29.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed

by a 2-word instruction.

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

No 
operation

If skip:
Q1 Q2 Q3 Q4
No 

operation
No 

operation
No 

operation
No 

operation
If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation
No 

operation

Example: HERE     CPFSEQ REG, 0
NEQUAL   :
EQUAL    :

Before Instruction
PC Address = HERE
W = ?
REG = ?

After Instruction
If REG = W;

PC = Address (EQUAL)
If REG  W;

PC = Address (NEQUAL)
DS30009964C-page 464   2009-2016 Microchip Technology Inc.



PIC18F47J53
               

      

                   

      

MULLW Multiply Literal with W

Syntax: MULLW     k

Operands: 0  k  255

Operation: (W) x k  PRODH:PRODL

Status Affected: None

Encoding: 0000 1101 kkkk kkkk

Description: An unsigned multiplication is carried 
out between the contents of W and the 
8-bit literal ‘k’. The 16-bit result is 
placed in the PRODH:PRODL register 
pair. PRODH contains the high byte.

W is unchanged.

None of the Status flags are affected.

Note that neither Overflow nor Carry is 
possible in this operation. A Zero result 
is possible but not detected.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read 
literal ‘k’

Process 
Data

Write 
registers 
PRODH:
PRODL

Example: MULLW   0C4h

Before Instruction
W = E2h
PRODH = ?
PRODL = ?

After Instruction
W = E2h
PRODH = ADh
PRODL = 08h

MULWF Multiply W with f

Syntax: MULWF     f {,a}

Operands: 0  f  255
a  [0,1]

Operation: (W) x (f)  PRODH:PRODL

Status Affected: None

Encoding: 0000 001a ffff ffff

Description: An unsigned multiplication is carried out 
between the contents of W and the 
register file location ‘f’. The 16-bit result is 
stored in the PRODH:PRODL register 
pair. PRODH contains the high byte. Both 
W and ‘f’ are unchanged.

None of the Status flags are affected.

Note that neither Overflow nor Carry is 
possible in this operation. A Zero result is 
possible but not detected.

If ‘a’ is ‘0’, the Access Bank is selected. If 
‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 

If ‘a’ is ‘0’ and the extended instruction set 
is enabled, this instruction operates in 
Indexed Literal Offset Addressing mode 
whenever f 95 (5Fh). See 
Section 29.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write
registers 
PRODH:
PRODL

Example: MULWF   REG, 1

Before Instruction
W = C4h
REG = B5h
PRODH = ?
PRODL = ?

After Instruction
W = C4h
REG = B5h
PRODH = 8Ah
PRODL = 94h
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FIGURE 31-1: PIC18F47J53 FAMILY VDD FREQUENCY GRAPH (INDUSTRIAL) 

FIGURE 31-2: PIC18LF47J53 FAMILY VDDCORE FREQUENCY GRAPH (INDUSTRIAL)(1) 

 

0

Note 1: When the USB module is enabled, VUSB should be provided 3.0V-3.6V while VDD must be 2.35V. When the USB 
module is not enabled, the wider limits shaded in grey apply. VUSB should be maintained  VDD, but may optionally 
be high-impedance when the USB module is not in use.
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the USB module is not enabled, the wider limits shaded in grey apply. VUSB should be maintained  VDD, but 
may optionally be high-impedance when the USB module is not in use.
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TABLE 31-31: 10-BIT A/D CONVERSION REQUIREMENTS  

TABLE 31-32: 12-BIT A/D CONVERSION REQUIREMENTS

Param. 
No.

Symbol Characteristic Min. Max. Units Conditions

130 TAD A/D Clock Period 0.7 25.0(1) s TOSC based, VREF  3.0V

131 TCNV Conversion Time 
(not including acquisition time)(2)

11 12 TAD

132 TACQ Acquisition Time(3) 1.4 — s -40C to +85C

135 TSWC Switching Time from Convert  Sample — (Note 4)

137 TDIS Discharge Time 0.2 — s

Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider. 
2: ADRES registers may be read on the following TCY cycle.
3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale after the conver-

sion (VDD to VSS or VSS to VDD). The source impedance (RS) on the input channels is 50W.
4: On the following cycle of the device clock. 

Param. 
No.

Symbol Characteristic Min. Max. Units Conditions

130 TAD A/D Clock Period 0.8 12.5(1) s TOSC based, VREF  3.0V

131 TCNV Conversion Time 
(not including acquisition time)(2)

13 14 TAD

132 TACQ Acquisition Time(3) 1.4 — s

135 TSWC Switching Time from Convert  Sample — (Note 4)

137 TDIS Discharge Time 0.2 — s

Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider. 

2: ADRES registers may be read on the following TCY cycle.

3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale 
after the conversion (VDD to VSS or VSS to VDD). The source impedance (RS) on the input channels is 50.

4: On the following cycle of the device clock. 
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