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Welcome to E-XFL.COM

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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PIC18F46J11 FAMILY
FIGURE 1-1: PIC18F2XJ11 (28-PIN) BLOCK DIAGRAM   
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6.1.4.4 Stack Full and Underflow Resets

Device Resets on stack overflow and stack underflow
conditions are enabled by setting the STVREN bit in
Configuration register 1L. When STVREN is set, a full
or underflow condition sets the appropriate STKFUL or
STKUNF bit and then causes a device Reset. When
STVREN is cleared, a full or underflow condition sets
the appropriate STKFUL or STKUNF bit, but does not
cause a device Reset. The STKFUL or STKUNF bits
are cleared by the user software or a POR.

6.1.5 FAST REGISTER STACK (FRS)

A Fast Register Stack (FRS) is provided for the
STATUS, WREG and BSR registers to provide a “fast
return” option for interrupts. This stack is only one level
deep and is neither readable nor writable. It is loaded
with the current value of the corresponding register
when the processor vectors for an interrupt. All inter-
rupt sources push values into the Stack registers. The
values in the registers are then loaded back into the
working registers if the RETFIE, FAST instruction is
used to return from the interrupt.

If both low-priority and high-priority interrupts are
enabled, the Stack registers cannot be used reliably to
return from low-priority interrupts. If a high-priority
interrupt occurs while servicing a low-priority interrupt,
the Stack register values stored by the low-priority
interrupt will be overwritten. In these cases, users must
save the key registers in software during a low-priority
interrupt.

If interrupt priority is not used, all interrupts may use the
FRS for returns from interrupt. If no interrupts are used,
the FRS can be used to restore the STATUS, WREG
and BSR registers at the end of a subroutine call. To
use the Fast Register Stack for a subroutine call, a
CALL label, FAST instruction must be executed to
save the STATUS, WREG and BSR registers to the
Fast Register Stack. A RETURN, FAST instruction is
then executed to restore these registers from the FRS.

Example 6-1 provides a source code example that
uses the FRS during a subroutine call and return.

EXAMPLE 6-1: FAST REGISTER STACK 
CODE EXAMPLE 

6.1.6 LOOK-UP TABLES IN PROGRAM 
MEMORY

There may be programming situations that require the
creation of data structures or look-up tables in program
memory. For PIC18 devices, look-up tables can be
implemented in two ways:

• Computed GOTO

• Table Reads

6.1.6.1 Computed GOTO

A computed GOTO is accomplished by adding an offset
to the PC. An example is shown in Example 6-2.

A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW nn instructions. The
W register is loaded with an offset into the table before
executing a call to that table. The first instruction of the
called routine is the ADDWF PCL instruction. The next
executed instruction will be one of the RETLW nn
instructions that returns the value ‘nn’ to the calling
function.

The offset value (in WREG) specifies the number of
bytes that the PC should advance and should be
multiples of 2 (LSb = 0).

In this method, only one byte may be stored in each
instruction location; room on the return address stack is
required.

EXAMPLE 6-2: COMPUTED GOTO USING 
AN OFFSET VALUE

6.1.6.2 Table Reads

A better method of storing data in program memory
allows two bytes to be stored in each instruction
location.

Look-up table data may be stored two bytes per
program word while programming. The Table Pointer
(TBLPTR) specifies the byte address and the Table
Latch (TABLAT) contains the data that is read from the
program memory. Data is transferred from program
memory one byte at a time.

Table read operation is discussed further in
Section 7.1 “Table Reads and Table Writes”.

CALL SUB1, FAST ;STATUS, WREG, BSR
;SAVED IN FAST REGISTER
;STACK




SUB1 


RETURN FAST ;RESTORE VALUES SAVED
;IN FAST REGISTER STACK

MOVF OFFSET, W
CALL TABLE

ORG nn00h
TABLE ADDWF PCL

RETLW nnh
RETLW nnh
RETLW nnh
.
.
.
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TABLE 6-3: NON-ACCESS BANK SPECIAL FUNCTION REGISTER MAP

Address Name Address Name Address Name Address Name Address Name

F5Fh PMCONH(1) F3Fh RTCCFG F1Fh — EFFh PPSCON EDFh —

F5Eh PMCONL(1) F3Eh RTCCAL F1Eh — EFEh RPINR24 EDEh RPOR24(1)

F5Dh PMMODEH(1) F3Dh REFOCON F1Dh — EFDh RPINR23 EDDh RPOR23(1)

F5Ch PMMODEL(1) F3Ch PADCFG1 F1Ch — EFCh RPINR22 EDCh RPOR22(1)

F5Bh PMDOUT2H(1) F3Bh — F1Bh — EFBh RPINR21 EDBh RPOR21(1)

F5Ah PMDOUT2L(1) F3Ah — F1Ah — EFAh — EDAh RPOR20(1)

F59h PMDIN2H(1) F39h — F19h — EF9h — ED9h RPOR19(1)

F58h PMDIN2L(1) F38h — F18h — EF8h — ED8h RPOR18

F57h PMEH(1) F37h — F17h — EF7h RPINR17 ED7h RPOR17

F56h PMEL(1) F36h — F16h — EF6h RPINR16 ED6h RPOR16

F55h PMSTATH(1) F35h — F15h — EF5h — ED5h RPOR15

F54h PMSTATL(1) F34h — F14h — EF4h — ED4h RPOR14

F53h CVRCON F33h — F13h — EF3h — ED3h RPOR13

F52h TCLKCON F32h — F12h — EF2h — ED2h RPOR12

F51h — F31h — F11h — EF1h — ED1h RPOR11

F50h — F30h — F10h — EF0h — ED0h RPOR10

F4Fh DSGPR1(2) F2Fh — F0Fh — EEFh — ECFh RPOR9

F4Eh DSGPR0(2) F2Eh — F0Eh — EEEh RPINR8 ECEh RPOR8

F4Dh DSCONH(2) F2Dh — F0Dh — EEDh RPINR7 ECDh RPOR7

F4Ch DSCONL(2) F2Ch — F0Ch — EECh RPINR6 ECCh RPOR6

F4Bh DSWAKEH(2) F2Bh — F0Bh — EEBh — ECBh RPOR5

F4Ah DSWAKEL(2) F2Ah — F0Ah — EEAh RPINR4 ECAh RPOR4

F49h ANCON1 F29h — F09h — EE9h RPINR3 EC9h RPOR3

F48h ANCON0 F28h — F08h — EE8h RPINR2 EC8h RPOR2

F47h — F27h — F07h — EE7h RPINR1 EC7h RPOR1

F46h — F26h — F06h — EE6h — EC6h RPOR0

F45h — F25h — F05h — EE5h — EC5h —

F44h — F24h — F04h — EE4h — EC4h —

F43h — F23h — F03h — EE3h — EC3h —

F42h ODCON1 F22h — F02h — EE2h — EC2h —

F41h ODCON2 F21h — F01h — EE1h — EC1h —

F40h ODCON3 F20h — F00h — EE0h — EC0h —

Note 1: This register is not available on 28-pin devices.
2: Deep Sleep registers are not available on LF devices.
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6.4.3.2 FSR Registers and POSTINC, 
POSTDEC, PREINC and PLUSW

In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers that cannot be indirectly
read or written to. Accessing these registers actually
accesses the associated FSR register pair, but also
performs a specific action on its stored value. They are:

• POSTDEC: accesses the FSR value, then 
automatically decrements it by ‘1’ thereafter

• POSTINC: accesses the FSR value, then 
automatically increments it by ‘1’ thereafter

• PREINC: increments the FSR value by ‘1’, then 
uses it in the operation

• PLUSW: adds the signed value of the W register 
(range of -128 to 127) to that of the FSR and uses 
the new value in the operation

In this context, accessing an INDF register uses the
value in the FSR registers without changing them.
Similarly, accessing a PLUSW register gives the FSR
value offset by the value in the W register; neither value
is actually changed in the operation. Accessing the
other virtual registers changes the value of the FSR
registers.

Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs of the FSRnL register from FFh to 00h carry over
to the FSRnH register. On the other hand, results of
these operations do not change the value of any flags
in the STATUS register (e.g., Z, N, OV, etc.). 

The PLUSW register can be used to implement a form
of Indexed Addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

6.4.3.3 Operations by FSRs on FSRs

Indirect Addressing operations that target other FSRs
or virtual registers represent special cases. For
example, using an FSR to point to one of the virtual
registers will not result in successful operations. As a
specific case, assume that FSR0H:FSR0L contains
FE7h, the address of INDF1. Attempts to read the
value of the INDF1, using INDF0 as an operand, will
return 00h. Attempts to write to INDF1, using INDF0 as
the operand, will result in a NOP. 

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to
FSR2H:FSR2L. 

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses Indirect Addressing.

Similarly, operations by Indirect Addressing are gener-
ally permitted on all other SFRs. Users should exercise
appropriate caution that they do not inadvertently
change settings that might affect the operation of the
device.

6.5 Program Memory and the 
Extended Instruction Set

The operation of program memory is unaffected by the
use of the extended instruction set.

Enabling the extended instruction set adds five
additional two-word commands to the existing PIC18
instruction set: ADDFSR, CALLW, MOVSF, MOVSS and
SUBFSR. These instructions are executed as described
in Section 6.2.4 “Two-Word Instructions”.

6.6 Data Memory and the Extended 
Instruction Set

Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Specifically,
the use of the Access Bank for many of the core PIC18
instructions is different. This is due to the introduction of
a new addressing mode for the data memory space.
This mode also alters the behavior of Indirect
Addressing using FSR2 and its associated operands.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect Addressing
with FSR0 and FSR1 also remains unchanged.
 2011 Microchip Technology Inc.  DS39932D-page 99
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TABLE 10-7: PORTC I/O SUMMARY

Pin Function
TRIS

Setting
I/O

I/O
Type

Description

RC0/T1OSO/
T1CKI/RP11

RC0 1 I ST PORTC<0> data input.

0 O DIG LATC<0> data output.

T1OSO x O ANA Timer1 oscillator output; enabled when Timer1 oscillator 
enabled. Disables digital I/O.

T1CKI 1 I ST Timer1 counter input.

RP11 1 I ST Remappable peripheral pin 11 input.

0 O DIG Remappable peripheral pin 11 output.

RC1/T1OSI/
RP12

RC1 1 I ST PORTC<1> data input.

0 O DIG LATC<1> data output.

T1OSI x I ANA Timer1 oscillator input; enabled when Timer1 oscillator 
enabled. Disables digital I/O.

RP12 1 I ST Remappable peripheral pin 12 input.

0 O DIG Remappable peripheral pin 12 output.

RC2/AN11/
CTPLS/RP13

RC2 1 I ST PORTC<2> data input.

0 O DIG LATC<2> data output.

AN11 1 I ANA A/D input channel 11.

CTPLS 0 O DIG CTMU pulse generator output.

RP13 1 I ST Remappable peripheral pin 13 input.

0 O DIG Remappable peripheral pin 13 output.

RC3/SCK1/
SCL1/RP14

RC3 1 I ST PORTC<3> data input.

0 O DIG LATC<3> data output.

SCK1 1 I ST SPI clock input (MSSP1 module).

0 O DIG SPI clock output (MSSP1 module).

SCL1 1 I I2C/
SMBus

I2C™ clock input (MSSP1 module).

0 O DIG I2C clock output (MSSP1 module).

RP14 1 I ST Remappable peripheral pin 14 input.

0 O DIG Remappable peripheral pin 14 output.

RC4/SDI1/
SDA1/RP15

RC4 1 I ST PORTC<4> data input.

0 O DIG LATC<4> data output.

SDI1 1 I ST SPI data input (MSSP1 module).

SDA1 1 I I2C/
SMBus

I2C data input (MSSP1 module).

0 O DIG I2C/SMBus.

RP15 1 I ST Remappable peripheral pin 15 input.

0 O DIG Remappable peripheral pin 15 output.

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level 
input/output; I2C/SMB = I2C/SMBus input buffer; x = Don’t care (TRIS bit does not affect port direction or 
is overridden for this option)

Note 1: This bit is only available on 44-pin devices.
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10.6 PORTE, TRISE and LATE 
Registers

Depending on the particular PIC18F46J11 family
device selected, PORTE is implemented in two
different ways.

For 44-pin devices, PORTE is a 3-bit wide port. Three
pins (RE0/AN5/PMRD, RE1/AN6/PMWR and RE2/
AN7/PMCS) are individually configurable as inputs or
outputs. These pins have Schmitt Trigger input buffers.
When selected as analog inputs, these pins will read as
‘0’s.

The corresponding Data Direction register is TRISE.
Setting a TRISE bit (= 1) will make the corresponding
PORTE pin an input (i.e., put the corresponding output
driver in a high-impedance mode). Clearing a TRISE bit
(= 0) will make the corresponding PORTE pin an output
(i.e., put the contents of the output latch on the selected
pin).

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.    

The Data Latch register (LATE) is also memory
mapped. Read-modify-write operations on the LATE
register read and write the latched output value for
PORTE. 

EXAMPLE 10-6: INITIALIZING PORTE    

Each of the PORTE pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by setting bit, REPU (PORTE<6>). The weak
pull-up is automatically turned off when the port pin is
configured as an output. The pull-ups are disabled on a
POR.

Note that the pull-ups can be used for any set of
features, similar to the pull-ups found on PORTB.

Note: PORTE is available only in 44-pin
devices.

Note: On a POR, RE<2:0> are configured as
analog inputs.

CLRF  LATE         ; Initialize LATE
    ; to clear output
    ; data latches

MOVLW  0xE0        ; Configure REx
MOVWF  ANCON0      ; for digital inputs
MOVLW  0x03        ; Value used to

    ; initialize data
    ; direction

MOVWF  TRISE       ; Set RE<0> as inputs
    ; RE<1> as outputs
    ; RE<2> as inputs
DS39932D-page 148   2011 Microchip Technology Inc.
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REGISTER 10-9: RPINR4: PERIPHERAL PIN SELECT INPUT REGISTER 4 (BANKED EEAh)

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

— — — T0CKR4 T0CKR3 T0CKR2 T0CKR1 T0CKR0

bit 7 bit 0

Legend: R/W = Readable, Writable 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 T0CKR<4:0>: Timer0 External Clock Input (T0CKI) to the Corresponding RPn Pin bits

REGISTER 10-10: RPINR6: PERIPHERAL PIN SELECT INPUT REGISTER 6 (BANKED EECh)

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

— — — T3CKR4 T3CKR3 T3CKR2 T3CKR1 T3CKR0

bit 7 bit 0

Legend: R/W = Readable, Writable 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 T3CKR<4:0>: Timer 3 External Clock Input (T3CKI) to the Corresponding RPn Pin bits

REGISTER 10-11: RPINR7: PERIPHERAL PIN SELECT INPUT REGISTER 7 (BANKED EEDh)

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

— — — IC1R4 IC1R3 IC1R2 IC1R1 IC1R0

bit 7 bit 0

Legend: R/W = Readable, Writable 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 IC1R<4:0>: Assign Input Capture 1 (ECCP1) to the Corresponding RPn Pin bits
 2011 Microchip Technology Inc.  DS39932D-page 157
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11.3 MASTER PORT MODES

In its Master modes, the PMP module provides an 8-bit
data bus, up to 16 bits of address, and all the necessary
control signals to operate a variety of external parallel
devices, such as memory devices, peripherals and
slave microcontrollers. To use the PMP as a master,
the module must be enabled (PMPEN = 1) and the
mode must be set to one of the two possible Master
modes (PMMODEH<1:0> = 10 or 11).

Because there are a number of parallel devices with a
variety of control methods, the PMP module is designed
to be extremely flexible to accommodate a range of
configurations. Some of these features include:

• 8-Bit and 16-Bit Data modes on an 8-bit data bus

• Configurable address/data multiplexing

• Up to two chip select lines

• Up to 16 selectable address lines

• Address auto-increment and auto-decrement

• Selectable polarity on all control lines

• Configurable Wait states at different stages of the 
read/write cycle

11.3.1 PMP AND I/O PIN CONTROL

Multiple control bits are used to configure the presence
or absence of control and address signals in the
module. These bits are PTBEEN, PTWREN, PTRDEN
and PTEN<15:0>. They give the user the ability to con-
serve pins for other functions and allow flexibility to
control the external address. When any one of these
bits is set, the associated function is present on its
associated pin; when clear, the associated pin reverts
to its defined I/O port function.

Setting a PTENx bit will enable the associated pin as
an address pin and drive the corresponding data
contained in the PMADDR register. Clearing a PTENx
bit will force the pin to revert to its original I/O function.

For the pins configured as chip select (PMCS) with the
corresponding PTENx bit set, the PTEN0 and PTEN1
bits will also control the PMALL and PMALH signals.
When multiplexing is used, the associated address
latch signals should be enabled.

11.3.2 READ/WRITE CONTROL

The PMP module supports two distinct read/write
signaling methods. In Master Mode 1, read and write
strobes are combined into a single control line,
PMRD/PMWR. A second control line, PMENB, deter-
mines when a read or write action is to be taken. In
Master Mode 2, separate read and write strobes
(PMRD and PMWR) are supplied on separate pins.

All control signals (PMRD, PMWR, PMBE, PMENB,
PMAL and PMCS) can be individually configured as
either positive or negative polarity. Configuration is
controlled by separate bits in the PMCONL register.

Note that the polarity of control signals that share the
same output pin (for example, PMWR and PMENB) are
controlled by the same bit; the configuration depends
on which Master Port mode is being used.

11.3.3 DATA WIDTH

The PMP supports data widths of both 8 bits and
16 bits. The data width is selected by the MODE16 bit
(PMMODEH<2>). Because the data path into and out
of the module is only 8 bits wide, 16-bit operations are
always handled in a multiplexed fashion, with the Least
Significant Byte (LSB) of data being presented first. To
differentiate data bytes, the byte enable control strobe,
PMBE, is used to signal when the Most Significant Byte
(MSB) of data is being presented on the data lines.

11.3.4 ADDRESS MULTIPLEXING

In either of the Master modes (PMMODEH<1:0> = 1x),
the user can configure the address bus to be multiplexed
together with the data bus. This is accomplished by
using the ADRMUX<1:0> bits (PMCONH<4:3>). There
are three address multiplexing modes available; typical
pinout configurations for these modes are displayed in
Figure 11-9, Figure 11-10 and Figure 11-11.

In Demultiplexed mode (PMCONH<4:3> = 00), data and
address information are completely separated. Data bits
are presented on PMD<7:0> and address bits are
presented on PMADDRH<6:0> and PMADDRL<7:0>.

In Partially Multiplexed mode (PMCONH<4:3> = 01), the
lower eight bits of the address are multiplexed with the
data pins on PMD<7:0>. The upper eight bits of address
are unaffected and are presented on PMADDRH<6:0>.
The PMA0 pin is used as an address latch, and presents
the address latch low enable strobe (PMALL). The read
and write sequences are extended by a complete CPU
cycle during which the address is presented on the
PMD<7:0> pins.

In Fully Multiplexed mode (PMCONH<4:3> = 10), the
entire 16 bits of the address are multiplexed with the
data pins on PMD<7:0>. The PMA0 and PMA1 pins are
used to present address latch low enable (PMALL) and
address latch high enable (PMALH) strobes,
respectively. The read and write sequences are
extended by two complete CPU cycles. During the first
cycle, the lower eight bits of the address are presented
on the PMD<7:0> pins with the PMALL strobe active.
During the second cycle, the upper eight bits of the
address are presented on the PMD<7:0> pins with the
PMALH strobe active. In the event the upper address
bits are configured as chip select pins, the
corresponding address bits are automatically forced
to ‘0’.
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16.0 TIMER4 MODULE

The Timer4 timer module has the following features:

• 8-Bit Timer register (TMR4)

• 8-Bit Period register (PR4)

• Readable and writable (both registers)

• Software programmable prescaler (1:1, 1:4, 1:16)

• Software programmable postscaler (1:1 to 1:16)

• Interrupt on TMR4 match of PR4

Timer4 has a control register shown in Register 16-1.
Timer4 can be shut off by clearing control bit, TMR4ON
(T4CON<2>), to minimize power consumption. The
prescaler and postscaler selection of Timer4 is also
controlled by this register. Figure 16-1 is a simplified
block diagram of the Timer4 module. 

16.1 Timer4 Operation

Timer4 can be used as the PWM time base for the
PWM mode of the ECCP modules. The TMR4 register
is readable and writable and is cleared on any device
Reset. The input clock (FOSC/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits,
T4CKPS<1:0> (T4CON<1:0>). The match output of
TMR4 goes through a 4-bit postscaler (which gives a
1:1 to 1:16 scaling inclusive) to generate a TMR4
interrupt, latched in flag bit, TMR4IF (PIR3<3>).

The prescaler and postscaler counters are cleared
when any of the following occurs: 

• a write to the TMR4 register

• a write to the T4CON register

• any device Reset (Power-on Reset (POR), MCLR 
Reset, Watchdog Timer Reset (WDTR) or 
Brown-out Reset (BOR))

TMR4 is not cleared when T4CON is written.

    

REGISTER 16-1: T4CON: TIMER4 CONTROL REGISTER (ACCESS F76h)

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

— T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0

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 Unimplemented: Read as ‘0’

bit 6-3 T4OUTPS<3:0>: Timer4 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
• 
• 
• 
1111 = 1:16 Postscale

bit 2 TMR4ON: Timer4 On bit

1 = Timer4 is on
0 = Timer4 is off

bit 1-0 T4CKPS<1:0>: Timer4 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16
 2011 Microchip Technology Inc.  DS39932D-page 225
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18.5.6 PROGRAMMABLE DEAD-BAND 
DELAY MODE

In half-bridge applications, where all power switches
are modulated at the PWM frequency, the power
switches normally require more time to turn off than to
turn on. If both the upper and lower power switches are
switched at the same time (one turned on and the other
turned off), both switches may be on for a short period
until one switch completely turns off. During this brief
interval, a very high current (shoot-through current) will
flow through both power switches, shorting the bridge
supply. To avoid this potentially destructive
shoot-through current from flowing during switching,
turning on either of the power switches is normally
delayed to allow the other switch to completely turn off.

In Half-Bridge mode, a digitally programmable
dead-band delay is available to avoid shoot-through
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
state to the active state. See Figure 18-16 for
illustration. The lower seven bits of the associated
ECCPxDEL register (Register 18-3) sets the delay
period in terms of microcontroller instruction cycles
(TCY or 4 TOSC).

FIGURE 18-16: EXAMPLE OF 
HALF-BRIDGE PWM 
OUTPUT

FIGURE 18-17: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Period

Pulse Width

td

td

(1)

PxA(2)

PxB(2)

td = Dead-Band Delay

Period

(1) (1)

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

PxA

PxB

FET
Driver

FET
Driver

V+

V-

Load

+
V
-

+
V
-

Standard Half-Bridge Circuit (“Push-Pull”)
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19.3.9 OPERATION IN POWER-MANAGED 
MODES

In SPI Master mode, module clocks may be operating
at a different speed than when in full-power mode. In
the case of Sleep mode, all clocks are halted.

In Idle modes, a clock is provided to the peripherals.
That clock can be from the primary clock source, the
secondary clock (Timer1 oscillator) or the INTOSC
source. See Section 3.3 “Clock Sources and
Oscillator Switching” for additional information.

In most cases, the speed that the master clocks SPI
data is not important; however, this should be
evaluated for each system.

If MSSP interrupts are enabled, they can wake the
controller from Sleep mode, or one of the Idle modes,
when the master completes sending data. If an exit
from Sleep or Idle mode is not desired, MSSP
interrupts should be disabled.

If the Sleep mode is selected, all module clocks are
halted and the transmission/reception will remain in
that state until the device wakes. After the device
returns to Run mode, the module will resume
transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in any power-managed
mode and data to be shifted into the SPI
Transmit/Receive Shift register. When all 8 bits have
been received, the MSSP interrupt flag bit will be set,
and if enabled, will wake the device.

19.3.10 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

19.3.11 BUS MODE COMPATIBILITY

Table 19-1 provides the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits. 

TABLE 19-1: SPI BUS MODES    

There is also an SMP bit, which controls when the data
is sampled.

19.3.12 SPI CLOCK SPEED AND MODULE 
INTERACTIONS

Because MSSP1 and MSSP2 are independent
modules, they can operate simultaneously at different
data rates. Setting the SSPM<3:0> bits of the
SSPxCON1 register determines the rate for the
corresponding module.

An exception is when both modules use Timer2 as a
time base in Master mode. In this instance, any
changes to the Timer2 module’s operation will affect
both MSSP modules equally. If different bit rates are
required for each module, the user should select one of
the other three time base options for one of the
modules.

Standard SPI Mode 
Terminology

Control Bits State

CKP CKE

0, 0 0 1

0, 1 0 0

1, 0 1 1

1, 1 1 0
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FIGURE 19-13: I2C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS) 
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TABLE 19-4: REGISTERS ASSOCIATED WITH I2C™ OPERATION 

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset 
Values 

on Page:

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 69

PIR1 PMPIF(3) ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 72

PIE1 PMPIE(3) ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 72

IPR1 PMPIP(3) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 72

PIR2 OSCFIF CM2IF CM1IF — BCL1IF LVDIF TMR3IF CCP2IF 72

PIE2 OSCFIE CM2IE CM1IE — BCL1IE LVDIE TMR3IE CCP2IE 72

IPR2 OSCFIP CM2IP CM1IP — BCL1IP LVDIP TMR3IP CCP2IP 72

PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CTMUIF TMR3GIF RTCIF 72

PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CTMUIE TMR3GIE RTCIE 72

IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CTMUIP TMR3GIP RTCIP 72

TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 72

TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 72

SSP1BUF MSSP1 Receive Buffer/Transmit Register 70

SSPxADD MSSP1 Address Register (I2C™ Slave mode), MSSP1 Baud Rate Reload Register (I2C Master mode) 70, 73

SSPxMSK(1) MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSK0 70, 73

SSPxCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 70, 73

SSPxCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 70, 73

GCEN ACKSTAT ADMSK5(2) ADMSK4(2) ADMSK3(2) ADMSK2(2) ADMSK1(2) SEN

SSPxSTAT SMP CKE D/A P S R/W UA BF 70, 73

SSP2BUF MSSP2 Receive Buffer/Transmit Register 73

SSP2ADD MSSP2 Address Register (I2C Slave mode), MSSP2 Baud Rate Reload Register (I2C Master mode) 73

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSPx module in I2C™ mode.
Note 1: SSPxMSK shares the same address in SFR space as SSPxADD, but is only accessible in certain I2C Slave mode 

operations in 7-Bit Masking mode. See Section 19.5.3.4 “7-Bit Address Masking Mode” for more details.
2: Alternate bit definitions for use in I2C Slave mode operations only.
3: These bits are only available on 44-pin devices.
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The WUE bit is automatically cleared once a
low-to-high transition is observed on the RXx line
following the wake-up event. At this point, the EUSART
module is in Idle mode and returns to normal operation.
This signals to the user that the Sync Break event is
over.

20.2.4.1 Special Considerations Using 
Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RXx/DTx, information with any state
changes before the Stop bit may signal a false
End-Of-Character (EOC) and cause data or framing
errors. To work properly, therefore, the initial character
in the transmission must be all ‘0’s. This can be 00h
(8 bits) for standard RS-232 devices or 000h (12 bits)
for LIN/J2602 bus.

Oscillator start-up time must also be considered,
especially in applications using oscillators with
longer start-up intervals (i.e., HS or HSPLL mode).
The Sync Break (or Wake-up Signal) character must
be of sufficient length and be followed by a sufficient
interval to allow enough time for the selected
oscillator to start and provide proper initialization of
the EUSART.

20.2.4.2 Special Considerations Using the 
WUE Bit

The timing of WUE and RCxIF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the
EUSART in an Idle mode. The wake-up event causes a
receive interrupt by setting the RCxIF bit. The WUE bit
is cleared after this when a rising edge is seen on
RXx/DTx. The interrupt condition is then cleared by
reading the RCREGx register. Ordinarily, the data in
RCREGx will be dummy data and should be discarded. 

The fact that the WUE bit has been cleared (or is still
set) and the RCxIF flag is set should not be used as an
indicator of the integrity of the data in RCREGx. Users
should consider implementing a parallel method in
firmware to verify received data integrity.

To assure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering the Sleep mode.

FIGURE 20-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION 

FIGURE 20-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

WUE bit(1)

RXx/DTx Line

RCxIF

Note 1: The EUSART remains in Idle while the WUE bit is set.

Bit set by user

Cleared due to user read of RCREGx

Auto-Cleared

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

WUE bit(2)

RXx/DTx Line

RCxIF
Cleared due to user read of RCREGx

SLEEP Command Executed

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the
oscillator is ready. This sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.

Sleep Ends

Note 1

Auto-ClearedBit set by user
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25.6 Creating a Delay with the CTMU 
Module

A unique feature on board the CTMU module is its
ability to generate system clock independent output
pulses based on an external capacitor value. This is
accomplished using the internal comparator voltage
reference module, Comparator 2 input pin and an
external capacitor. The pulse is output onto the CTPLS
pin. To enable this mode, set the TGEN bit. 

See Figure 25-4 for an example circuit. CPULSE is
chosen by the user to determine the output pulse width
on CTPLS. The pulse width is calculated by
T = (CPULSE/I)*V, where I is known from the current
source measurement step (Section 25.3.1 “Current
Source Calibration”) and V is the internal reference
voltage (CVREF). 

An example use of this feature is for interfacing with
variable capacitive-based sensors, such as a humidity
sensor. As the humidity varies, the pulse width output
on CTPLS will vary. The CTPLS output pin can be con-
nected to an input capture pin and the varying pulse
width is measured to determine the humidity in the
application. 

Follow these steps to use this feature:

1. Initialize Comparator 2.

2. Set CPOL = 1.

3. Initialize the comparator voltage reference.

4. Initialize the CTMU and enable time delay
generation by setting the TGEN bit.

5. Set EDG1STAT.

6. When CPULSE charges to the value of the voltage
reference trip point, an output pulse is generated
on CTPLS.

FIGURE 25-4: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE 
DELAY GENERATION

25.7 Operation During Sleep/Idle 
Modes

25.7.1 SLEEP MODE AND DEEP SLEEP 
MODES

When the device enters any Sleep mode, the CTMU
module current source is always disabled. If the CTMU
is performing an operation that depends on the current
source when Sleep mode is invoked, the operation may
not terminate correctly. Capacitance and time
measurements may return erroneous values.

25.7.2 IDLE MODE

The behavior of the CTMU in Idle mode is determined
by the CTMUSIDL bit (CTMUCONH<5>). If CTMUSIDL
is cleared, the module will continue to operate in Idle
mode. If CTMUSIDL is set, the module’s current source
is disabled when the device enters Idle mode. If the

module is performing an operation when Idle mode is
invoked, in this case, the results will be similar to those
with Sleep mode.

25.8 Effects of a Reset on CTMU

Upon Reset, all registers of the CTMU are cleared. This
leaves the CTMU module disabled, its current source is
turned off and all configuration options return to their
default settings. The module needs to be re-initialized
following any Reset. 

If the CTMU is in the process of taking a measurement at
the time of Reset, the measurement will be lost. A partial
charge may exist on the circuit that was being measured,
and should be properly discharged before the CTMU
makes subsequent attempts to make a measurement.
The circuit is discharged by setting and then clearing the
IDISSEN bit (CTMUCONH<1>) while the A/D Converter
is connected to the appropriate channel.

C2

CVREF

CTPLS

PIC18F46J11 Device

Current Source

Comparator

CTMU
CTED1

C2INB

CPULSE

EDG1
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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 27.2.3 “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 mem-
ory 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 two-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 27.2.3 “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)
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RETURN Return from Subroutine

Syntax: RETURN   {s}

Operands: s  [0,1]

Operation: (TOS)  PC;
if s = 1,
(WS)  W,
(STATUSS)  STATUS,
(BSRS)  BSR,
PCLATU, PCLATH are unchanged

Status Affected: None

Encoding: 0000 0000 0001 001s

Description: Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. If 
‘s’= 1, the contents of the shadow 
registers WS, STATUSS and BSRS are 
loaded into their corresponding 
registers W, STATUS and BSR. If 
‘s’ = 0, no update of these registers 
occurs (default).

Words: 1

Cycles: 2

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode No 
operation

Process 
Data

POP PC 
from stack

No 
operation

No 
operation

No 
operation

No 
operation

Example: RETURN

After Instruction:
PC = TOS

RLCF Rotate Left f through Carry

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

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

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

Status Affected: C, N, Z

Encoding: 0011 01da ffff ffff

Description: The contents of register ‘f’ are rotated 
one bit to the left through the Carry flag. 
If ‘d’ is ‘0’, the result is placed 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 27.2.3 “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: RLCF REG, 0, 0

Before Instruction
REG = 1110 0110
C = 0

After Instruction
REG = 1110 0110
W = 1100 1100
C = 1

C register f
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XORWF Exclusive OR W with f

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

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

Operation: (W) .XOR. (f) dest

Status Affected: N, Z

Encoding: 0001 10da ffff ffff

Description: Exclusive OR the contents of W with 
register ‘f’. If ‘d’ is ‘0’, the result is 
stored in W. If ‘d’ is ‘1’, the result is 
stored back in the 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 27.2.3 “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: XORWF   REG, 1, 0

Before Instruction
REG = AFh
W = B5h

After Instruction
REG = 1Ah
W = B5h
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29.1 DC Characteristics: Supply Voltage PIC18F46J11 Family (Industrial)

PIC18F46J11 Family
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial 

Param
 No.

Symbol Characteristic Min Typ Max Units Conditions

D001 VDD Supply Voltage 2.15
2.0

—
—

3.6
3.6

V
V

PIC18F4XJ11, PIC18F2XJ11
PIC18LF4XJ11, PIC18LF2XJ11

D001B VDDCORE External Supply for 
Microcontroller Core

2.0 — 2.75 V PIC18LF4XJ11, PIC18LF2XJ11

D001C AVDD Analog Supply Voltage VDD – 0.3 — VDD + 0.3 V

D001D AVSS Analog Ground Potential VSS – 0.3 — VSS + 0.3 V

D002 VDR RAM Data Retention
Voltage(1)

1.5 — — V

D003 VPOR VDD Start Voltage 
to Ensure Internal 
Power-on Reset Signal

— — 0.7 V See Section 5.3 “Power-on 
Reset (POR)” for details

D004 SVDD VDD Rise Rate
to Ensure Internal 
Power-on Reset Signal

0.05 — — V/ms See Section 5.3 “Power-on 
Reset (POR)” for details

D005 VBOR(2) VDDCORE Brown-out 
Reset Voltage

1.9 2.0 2.2 V PIC18F4XJ11, PIC18F2XJ11 
only (not used on “LF” devices)

D006 VDSBOR VDD Brown-out Reset 
Voltage

— 1.8 — V DSBOREN = 1 on “LF” device, 
or “F” device In Deep Sleep

Note 1: This is the limit to which VDDCORE can be lowered in Sleep mode, or during a device Reset, without losing RAM 
data.

2: Device will operate normally until Brown-out Reset occurs, even though VDD may be below VDDMIN.
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