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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"
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PIC18F2331/2431/4331/4431

Pin Diagrams (Continued)

44-Pin TQFP

NC

37 O=<—= RC3/TOCKIY/T5CKIW/INTO

43T<— RC5/INT2/SCKM/scL®
36[II] «— RC2/CCP1/FLTB

42T~ RC4/INT1/SDIY/SDA®

41 <—> RD3/SCK/SCL
40I1J-<—= RD2/SDI/SDA

391 J<— RD1/SDO
35T 1<—> RC1/T10SI/CCP2/FLTA

34O

44017 1<—> RC6/TX/CK/SS
38[ITJ1<—= RDO/TOCKI/T5CKI

(o)

33 NC

3211 <—= RCO0/T10SO/T1CKI

31T -—= (OSC2/CLKO/RA6

301 =—= OSC1/CLKI/RA7
PIC18F4331 29[m3<— AVss

28111 <— AVDD
PIC18F4431 57k <— RE2/ANS

2611 <—>= RE1/AN7

25 T1<—> REO/AN6

24 [T <—= RA5/AN5/LVDIN

2311 <—> RA4/AN4/CAP3/QEB

RC7/RX/DT/SDO <—= [T
RD4/FLTA® =<—=[1T]
RD5/PWM4®) <—[TT]
RD6/PWM6 ~> [
RD7/PWM7 ~—>[IT]
Vss — > 1O

Vpop —= 1M
RBO/PWMO < T}
RB1/PWM1 <—=[IT|
RB2/PWM2 ~<—[IM|
RB3/PWM3 ~<— [T}

S22 OO NOO PR WN -
©

- o

112
13

NC
NC
RB4/KBIO/PWM5 <— 1114

RB5/KBI1/PWM4/PGM ~<—> 1115
RA1/AN1 <—= 1120

RAO/ANQ <—> CTT]19

RB7/KBI3/PGD <— 1117
MCLR/VPP/RE3 — TT]18

RB6/KBI2/PGC —<—» I1]16

RA2/AN2/VREF-/CAP1/INDX <— CTT]21
RA3/AN3/VREF+/CAP2/QEA ~—» [TT]22

Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL.

RD4 is the alternate pin for FLTA.
RD?5 is the alternate pin for PWM4.
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2.2 Power Supply Pins
221 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins, such as VDD, Vss, AVDD and
AVSs, is required.

Consider the following criteria when using decoupling
capacitors:

* Value and type of capacitor: A 0.1 uF (100 nF),
10-20V capacitor is recommended. The capacitor
should be a low-ESR device, with a resonance
frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

* Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater
than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is
experiencing high-frequency noise (upward of
tens of MHz), add a second ceramic type capaci-
tor in parallel to the above described decoupling
capacitor. The value of the second capacitor can
be in the range of 0.01 pF to 0.001 pF. Place this
second capacitor next to each primary decoupling
capacitor. In high-speed circuit designs, consider
implementing a decade pair of capacitances as
close to the power and ground pins as possible
(e.g., 0.1 uF in parallel with 0.001 pF).

* Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum, thereby reducing PCB trace
inductance.

222 TANK CAPACITORS

On boards with power traces running longer than
six inches in length, it is suggested to use a tank capac-
itor for integrated circuits, including microcontrollers, to
supply a local power source. The value of the tank
capacitor should be determined based on the trace
resistance that connects the power supply source to
the device, and the maximum current drawn by the
device in the application. In other words, select the tank
capacitor so that it meets the acceptable voltage sag at
the device. Typical values range from 4.7 uF to 47 pF.

223 CONSIDERATIONS WHEN USING
BOR

When the Brown-out Reset (BOR) feature is enabled,
a sudden change in VDD may result in a spontaneous
BOR event. This can happen when the microcontroller
is operating under normal operating conditions, regard-
less of what the BOR set point has been programmed
to, and even if VDD does not approach the set point.
The precipitating factor in these BOR events is a rise or
fall in VDD with a slew rate faster than 0.15V/us.

An application that incorporates adequate decoupling
between the power supplies will not experience such
rapid voltage changes. Additionally, the use of an
electrolytic tank capacitor across VDD and Vss, as
described above, will be helpful in preventing high slew
rate transitions.

If the application has components that turn on or off,
and share the same VDD circuit as the microcontroller,
the BOR can be disabled in software by using the
SBOREN bit before switching the component. After-
wards, allow a small delay before re-enabling the BOR.
By doing this, it is ensured that the BOR is disabled
during the interval that might cause high slew rate
changes of VDD.

Note:  Not all devices incorporate software BOR
control. See Section 5.0 “Reset” for
device-specific information.
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3.6 Internal Oscillator Block

The PIC18F2331/2431/4331/4431 devices include an
internal oscillator block, which generates two different
clock signals; either can be used as the system’s clock
source. This can eliminate the need for external
oscillator circuits on the OSC1 and/or OSC2 pins.

The main output (INTOSC) is an 8 MHz clock source,
which can be used to directly drive the system clock. It
also drives a postscaler, which can provide a range of
clock frequencies from 125kHz to 4 MHz. The
INTOSC output is enabled when a system clock
frequency from 125 kHz to 8 MHz is selected.

The other clock source is the internal RC oscillator
(INTRC), which provides a 31 kHz output. The INTRC
oscillator is enabled by selecting the internal oscillator
block as the system clock source, or when any of the
following are enabled:

* Power-up Timer

+ Fail-Safe Clock Monitor
» Watchdog Timer

» Two-Speed Start-up

These features are discussed in greater detail in
Section 23.0 “Special Features of the CPU”.

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (Register 3-2).

3.6.1 INTIO MODES

Using the internal oscillator as the clock source can
eliminate the need for up to two external oscillator pins,
which can then be used for digital 1/0. Two distinct
configurations are available:

* In INTIO1 mode, the OSC2 pin outputs FOsc/4,
while OSC1 functions as RA7 for digital input and
output.

¢ In INTIO2 mode, OSC1 functions as RA7 and
OSC2 functions as RAB, both for digital input and
output.

3.6.2 INTRC OUTPUT FREQUENCY

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.
This changes the frequency of the INTRC source from
its nominal 31.25 kHz. Peripherals and features that
depend on the INTRC source will be affected by this
shift in frequency.

3.6.3 OSCTUNE REGISTER

The internal oscillator’s output has been calibrated at the
factory, but can be adjusted in the user’s application.
This is done by writing to the OSCTUNE register
(Register 3-1). Each increment may adjust the FRC
frequency by varying amounts and may not be mono-
tonic. The next closest frequency may be multiple steps
apart.

When the OSCTUNE register is modified, the INTOSC
and INTRC frequencies will begin shifting to the new
frequency. Code execution continues during this shift.
There is no indication that the shift has occurred. Oper-
ation of features that depend on the INTRC clock
source frequency, such as the WDT, Fail-Safe Clock
Monitor and peripherals, will also be affected by the
change in frequency.

3.6.4 INTOSC FREQUENCY DRIFT

The factory calibrates the internal oscillator block out-
put (INTOSC) for 8 MHz. This frequency, however, may
drift as the VDD or temperature changes, which can
affect the controller operation in a variety of ways.

The INTOSC frequency can be adjusted by modifying
the value in the OSCTUNE register. This has no effect
on the INTRC clock source frequency.

Tuning the INTOSC source requires knowing when to
make an adjustment, in which direction it should be
made, and in some cases, how large a change is
needed. Three compensation techniques are discussed
in Section 3.6.4.1 “Compensating with the
EUSART”, Section 3.6.4.2 “Compensating with the
Timers” and Section 3.6.4.3“Compensating with the
CCP Module in Capture Mode”, but other techniques
may be used.
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6.5.1 BANK SELECT REGISTER (BSR)

Large areas of data memory require an efficient
addressing scheme to make rapid access to any
address possible. Ideally, this means that an entire
address does not need to be provided for each read or
write operation. For PIC18 devices, this is accom-
plished with a RAM banking scheme. This divides the
memory space into 16 contiguous banks of 256 bytes.

Depending on the instruction, each location can be
addressed directly by its full 12-bit address, or an 8-bit
low-order address and a four-bit Bank Pointer. Most
instructions in the PIC18 instruction set make use of
the Bank Pointer, known as the Bank Select Register
(BSR). This SFR holds the four Most Significant bits of
a location’s address; the instruction itself includes the
eight Least Significant bits. Only the four lower bits of
the BSR are implemented (BSR<3:0>). The upper four
bits are unused; they will always read ‘0’ and cannot be
written to. The BSR can be loaded directly by using the
MOVLB instruction.

The value of the BSR indicates the bank in data mem-
ory. The eight bits in the instruction show the location in
the bank and can be thought of as an offset from the
bank’s lower boundary. The relationship between the
BSR’s value and the bank division in data memory is
shown in Figure 6-6.

Since up to 16 registers may share the same low-order
address, the user must always be careful to ensure that
the proper bank is selected before performing a data
read or write. For example, writing what should be pro-
gram data to the eight-bit address of F9h, while the
BSR is OFh, will end up resetting the program counter.

While any bank can be selected, only those banks that
are actually implemented can be read or written to.
Writes to unimplemented banks are ignored, while
reads from unimplemented banks will return ‘0’s. Even
so, the STATUS register will still be affected as if the
operation was successful. The data memory map in
Figure 6-5 indicates which banks are implemented.

In the core PIC18 instruction set, only the MOVFF
instruction fully specifies the 12-bit address of the
source and target registers. This instruction ignores the
BSR completely when it executes. All other instructions
include only the low-order address as an operand and
must use either the BSR or the Access Bank to locate
their target registers.

6.5.2 ACCESS BANK

While the use of the BSR with an embedded 8-bit
address allows users to address the entire range of
data memory, it also means that the user must always
ensure that the correct bank is selected; otherwise,
data may be read from or written to the wrong location.
This can be disastrous if a GPR is the intended target
of an operation, but an SFR is written to instead.
Verifying and/or changing the BSR for each read or
write to data memory can become very inefficient.

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 128 bytes of
memory (00h-7Fh) in Bank 0 and the last 128 bytes of
memory (80h-FFh) in Block 15. The lower half is known
as the “Access RAM” and is composed of GPRs. This
upper half is also where the device’'s SFRs are
mapped. These two areas are mapped contiguously in
the Access Bank and can be addressed in a linear
fashion by an 8-bit address (Figure 6-6).

The Access Bank is used by core PIC18 instructions
that include the Access RAM bit (the ‘a’ parameter in
the instruction). When ‘a’ is equal to ‘1’, the instruction
uses the BSR and the 8-bit address included in the
opcode for the data memory address. When ‘a’ is ‘0,
however, the instruction is forced to use the Access
Bank address map; the current value of the BSR is
ignored entirely.

Using this “forced” addressing allows the instruction to
operate on a data address in a single cycle, without
updating the BSR first. For 8-bit addresses of 80h and
above, this means that users can evaluate and operate
on SFRs more efficiently. The Access RAM below 80h
is a good place for data values that the user might need
to access rapidly, such as immediate computational
results or common program variables. Access RAM
also allows for faster and more code efficient context
saving and switching of variables.

6.5.3  GENERAL PURPOSE REGISTER
(GPR) FILE

PIC18 devices may have banked memory in the GPR
area. This is data RAM, which is available for use by all
instructions. GPRs start at the bottom of Bank 0
(address 000h) and grow upwards towards the bottom of
the SFR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.

DS39616D-page 68
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REGISTER 10-3: INTCON3: INTERRUPT CONTROL REGISTER 3

R/W-1 R/W-1 U-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF
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 INT2IP: INT2 External Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 INTLIP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 Unimplemented: Read as ‘0’
bit 4 INT2IE: INT2 External Interrupt Enable bit

1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt

bit 3 INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt
bit 2 Unimplemented: Read as ‘0’
bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur
bit 0 INTLIF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the global enable bit. User software should ensure the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature allows for software polling.

© 2010 Microchip Technology Inc. DS39616D-page 101
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FIGURE 18-1: POWER CONTROL PWM MODULE BLOCK DIAGRAM

Internal Data Bus

PN

<:i:>| PWMCONO ‘

8

<:i(>| PWMCON1 ‘

PWM Enable and Mode

8

<:i:>‘ DTCON | Dead-Time Control
8

(2> FLTCONFIG | Fault Pin Control
8

<:¢:>‘ OVDCON<D/S> | PWM Manual Control

PWM Generator #3(1)

Comparator Channel 3 - @
Doz ime Generatgd = [~ PV
» and Override Logic® — Pwms@
s | PWM Channel 2 X
PTMR > > anne > PWM5
| Generator 2 Dead-Time Generator
* » and Override Logic [~ |Qutput—{<| PWM4
Driver
o PWM - Channel 1 > X
+ ™| Generator 1 " |Dead-Time Generator PWM3
| PTPER | » and Override Logic —» —< PWM2
% » PWM > Channel 0 " X
8 Generator 0 Dead-Time Generator PYM1
K7/°> PTPERBuffer | | and Override Logic [ —{X] PWMo
8 —
K i:>| PTCON ‘ | FL7A
X FLTB®@
Comparator Special Event | Special Event Trigger
Postscaler
8 SEVTDIR
/> seviewmp PTDIR

N

Note 1: Only PWM Generator 3 is shown in detail. The other generators are identical; their details are omitted for clarity.

2: PWM Generator 3 and its logic, PWM Channels 6 and 7, and FLTB and its associated logic are not implemented on
PIC18F2331/2431 devices.
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18.4.2 INTERRUPTS IN SINGLE-SHOT

MODE

When the PWM time base is in the Single-Shot mode
(PTMOD<1:0> = 01), an interrupt event is generated
when a match with the PTPER register occurs. The
PWM Time Base register (PTMR) is reset to zero on
the following input clock edge and the PTEN bit is
cleared. The postscaler selection bits have no effect in
this Timer mode.

FIGURE 18-6:

18.4.3 INTERRUPTS IN CONTINUOUS
UP/DOWN COUNT MODE
In  the Continuous Up/Down Count mode

(PTMOD<1:0> = 10), an interrupt event is generated
each time the value of the PTMR register becomes
zero and the PWM time base begins to count upwards.
The postscaler selection bits may be used in this mode
of the timer to reduce the frequency of the interrupt
events. Figure 18-7 shows the interrupts in Continuous
Up/Down Count mode.

PWM TIME BASE INTERRUPT TIMING, SINGLE-SHOT MODE

A: PRESCALER =1:1

ya1| Q2| 3| Q4 1| 2| a3| @4 1| 2| Q3| as; a1 @2| @3 | @4 1| Q2| Q3| o4 |
VAV AN WA AN AN AW AN AN AV AWARANAWATAUAR

PTMRX FFEh Y FFFh , X oooh Y 000h X 000h X
16) 10 . YO Lo . |
PTMR_INT_REQ' / o
PTIF bit, ' S f :
B: PRESCALER =1:4
Q4 Q4

:Qc|Qc|Qc|Qc;Qc|chchQc;QcEchilQc|Qc:Qc|Qc|Qc|Qc:Qc|Qc|Qc|Qc:

PTMR}; FFEh X FFFh X

000h X

. 000h X 000h X
* @ VO YO.. .. ' '
PTMR_INT_REQ ! / \ '
PTIF bit | : /A
Note 1: Interrupt flag bit, PTIF, is sampled here (every Q1).

2: PWM Time Base Period register, PTPER, is loaded with the value, FFFh, for this example.
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18.11.3 PWM OUTPUT PIN RESET STATES

The PWMPIN Configuration bit determines the PWM
output pins to be PWM output pins or digital /O pins,
after the device comes out of Reset. If the PWMPIN
Configuration bit is unprogrammed (default), the
PWMEN<2:0> control bits will be cleared on a device
Reset. Consequently, all PWM outputs will be tri-stated
and controlled by the corresponding PORT and TRIS
registers. If the PWMPIN Configuration bit is pro-
grammed low, the PWMEN<2:0> control bits will be
set, as follows, on a device Reset:

* PWMEN<2:0> =101 if device has 8 PWM pins
(PIC18F4331/4431 devices)

« PWMEN<2:0> =100 if device has 6 PWM pins
(PIC18F2331/2431 devices)

All PWM pins will be enabled for PWM output and will
have the output polarity defined by the HPOL and
LPOL Configuration bits.

18.12 PWM Fault Inputs

There are two Fault inputs associated with the PWM
module. The main purpose of the input Fault pins is to
disable the PWM output signals and drive them into an
inactive state. The action of the Fault inputs is
performed directly in hardware so that when a Fault
occurs, it can be managed quickly and the PWM
outputs are put into an inactive state to save the power
devices connected to the PWMs.

The PWM Fault inputs are FLTA and FLTB, which can
come from I/O pins, the CPU or another module. The
FLTA and FLTB pins are active-low inputs so it is easy to
“OR” many sources to the same input. FLTB and its asso-
ciated logic are not implemented on PIC18F2331/2431
devices.

The FLTCONFIG register (Register 18-8) defines the
settings of FLTA and FLTB inputs.

Note:  The inactive state of the PWM pins are
dependent on the HPOL and LPOL Con-
figuration bit settings, which define the
active and inactive state for PWM outputs.

18.12.1  FAULT PIN ENABLE BITS

By setting the bits, FLTAEN and FLTBEN in the
FLTCONFIG register, the corresponding Fault inputs
are enabled. If both bits are cleared, then the Fault
inputs have no effect on the PWM module.

18.12.2 MFAULT INPUT MODES

The FLTAMOD and FLTBMOD bits in the FLTCONFIG
register determine the modes of PWM I/O pins that are
deactivated when they are overridden by Fault input.

The FLTAS and FLTBS bits in the FLTCONFIG register
give the status of Fault A and Fault B inputs.

Each of the Fault inputs have two modes of operation:
* Inactive Mode (FLTXxMOD = 0)

This is a Catastrophic Fault Management mode.
When the Fault occurs in this mode, the PWM out-
puts are deactivated. The PWM pins will remain in
Inactivate mode until the Fault is cleared (Fault
input is driven high) and the corresponding Fault
Status bit has been cleared in software. The PWM
outputs are enabled immediately at the beginning
of the following PWM period, after the Fault Status
bit (FLTxS) is cleared.

* Cycle-by-Cycle Mode (FLTXxMOD = 1)

When the Fault occurs in this mode, the PWM
outputs are deactivated. The PWM outputs will
remain in the defined Fault states (all PWM
outputs inactive) for as long as the Fault pin is held
low. After the Fault pin is driven high, the PWM
outputs will return to normal operation at the begin-
ning of the following PWM period and the FLTxS
bit is automatically cleared.

© 2010 Microchip Technology Inc.

DS39616D-page 199



PIC18F2331/2431/4331/4431

NOTES:
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20.3.4 AUTO-WAKE-UP ON SYNC BREAK
CHARACTER

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper byte reception cannot be per-
formed. The auto-wake-up feature allows the controller
to wake-up due to activity on the RX/DT line, while the
EUSART is operating in Asynchronous mode.

The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCON<1>). Once set, the typical receive
sequence on RX/DT is disabled and the EUSART
remains in an ldle state, monitoring for a wake-up event
independent of the CPU mode. A wake-up event con-
sists of a high-to-low transition on the RX/DT line. (This
coincides with the start of a Sync Break or a Wake-up
Signal character for the LIN/J2602 protocol.)

Following a wake-up event, the module generates an
RCIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 20-7), and asynchronously if the device is in
Sleep mode (Figure 20-8). The interrupt condition is
cleared by reading the RCREG register.

The WUE bit is automatically cleared once a low-to-
high transition is observed on the RX 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.

20.3.41 Special Considerations Using
Auto-Wake-up

Since Auto-Wake-up functions by sensing rising edge
transitions on RX/DT, information with any state changes
before the Stop bit may signal a false end-of-character

FIGURE 20-7:

and cause data or framing errors. To work properly,
therefore, the initial characters 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., LP, XT or HS/PLL mode). The
Sync Break (or Wake-up Signal) character must be of
sufficient length, and be followed by a sufficient inter-
val, to allow enough time for the selected oscillator to
start and provide proper initialization of the EUSART.

20.3.4.2  Special Considerations Using the
WUE Bit

The timing of WUE and RCIF 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 RCIF bit. The WUE bit
is cleared after this when a rising edge is seen on RX/
DT. The interrupt condition is then cleared by reading
the RCREG register. Ordinarily, the data in RCREG will
be dummy data and should be discarded.

The fact that the WUE bit has been cleared (or is still
set), and the RCIF flag is set, should not be used as an
indicator of the integrity of the data in RCREG. 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.

AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION

,Q1 Q2| Q3| Q4,Q1| Q2| Q3| Q4,Q1] Q2| Q3| Q4,Q1 |Q2|Q3|Q4' a1|az|asja4,a1|a2|a3|a4,a1|a2] Q3| a4, Q1 Q2| Q3|Q4'Q1 |az|a3|a4; Q1] Q2| Q3|a4,
osc1 mmﬂﬂfmmﬂﬂﬂﬂ_

RCIF .

\ Auto Cleared
Nd

if

Bit Set by User |
WUE bit®D Y
RX/DT Line ; : — s

7

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

Cléared Due to User Read of. RCREG —/

FIGURE 20-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
,Q1|Q2| Q3|a4,Q1|Q2|Q3|Q4, Q1| Q2| Q3| Q4 Q1 |@2|@3|a4,Q1]Q2|Q3|q4, Q1| Q2| Q3|Q4,Q1|Q2|Q3|Q4; Q1] Q2| Q3|Q4,
0OSC1 F\_/’\J’\J’\_F\_/’\_/’\_/’\_/’\I\J’\_/’\_ll / \ '
. Bit Set by User ! \ - L Auto-Cleared
WUE bit@ ' ) ; — . /.‘/ ]
RX/DT Line T . . : ; . m,\,me 1
RCIF , . X ' . : _/’
Sleep Command Executed * Sleep EndsT Cleared Due to User Read of RCREG

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

2:  The EUSART remains in Idle while the WUE bit is set.
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220 LOW-VOLTAGE DETECT (LVD) The block diagram for the LVD module is shown in
Figure 22-1.

The module is enabled by setting the LVDEN bit, but
the circuitry requires some time to stabilize each time
that it is enabled. The IRVST bit is a read-only bit used
to indicate when the circuit is stable. The module can
only generate an interrupt after the circuit is stable and
the IRVST bit is set. The module monitors for drops in
VDD below a predetermined set point.

PIC18F2331/2431/4331/4431 devices have a Low-
Voltage Detect module (LVD), a programmable circuit
that enables the user to specify a device voltage trip
point. If the device experiences an excursion below the
trip point, an interrupt flag is set. If the interrupt is
enabled, the program execution will branch to the inter-
rupt vector address and the software can then respond
to the interrupt.

The Low-Voltage Detect Control register (Register 22-1)
completely controls the operation of the LVD module.
This allows the circuitry to be “turned off’ by the user
under software control, which minimizes the current
consumption for the device.

REGISTER 22-1: LVDCON: LOW-VOLTAGE DETECT CONTROL REGISTER

uU-0 uU-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1

— — IRVST LVDEN LvDL3® LvDL2() LvDL1®) LvDLOW
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 IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the Low-Voltage Detect logic will generate the interrupt flag at the specified voltage
range

0 = Indicates that the Low-Voltage Detect logic will not generate the interrupt flag at the specified
voltage range and the LVD interrupt should not be enabled
bit 4 LVDEN: Low-Voltage Detect Power Enable bit
1 = Enables LVD, powers up LVD circuit
0 = Disables LVD, powers down LVD circuit
bit 3-0 LVDL<3:0>: Low-Voltage Detection Limit bits(?)

1111 = External analog input is used (input comes from the LVDIN pin)
1110 = Maximum setting

0010 = Minimum setting
0001 = Reserved
0000 = Reserved

Note 1: LVDL<3:0> bit modes, which result in a trip point below the valid operating voltage of the device, are not
tested.
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24.2 Instruction Set
ADDLW ADD Literal to W ADDWF ADD W to f
Syntax: [label ] ADDLW  k Syntax: [label ] ADDWF  f[,d[,a]]
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) +k—>W de[0.1]
ae[0,1]
Status Affected: N, OV, C,DC, Z .
Operation: (W) + (f) > dest
Encoding: | 0000 [ 1111 | Kkkk | kkkk |
Status Affected: N, OV, C,DC, Z
Description: The contents of W are added to the .
8-bit literal ‘k’ and the result is placed in Encoding: ‘ 0010 | Olda ‘ fref | fref ‘
W. Description: Add W to register, f'. If ‘d’ is ‘0’, the
Words: 1 result ?s stored in W..If ‘o’ i§ ‘1’, the
result is stored back in register, f’. If ‘@’
Cycles: 1 is ‘0, the Access Bank will be selected.
Q Cycle Activity: If ‘@’ is ‘1’, the BSR is used.
Q1 Q2 Q3 Q4 Words: 1
Decode Read Process Write to Cycles: 1
literal 'k’ Data W .
Q Cycle Activity:
£ o: Q1 Q2 Q3 Q4
£xample. ADDLW - 0x15 Decode Read Process Write to
Before Instruction register ‘f Data destination
W = 0x10
After Instruction
W =  0x25 Example: ADDWF REG W
Before Instruction
w = 0x17
REG = 0xC2
After Instruction
w = 0xD9
REG = 0xC2
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BTG Bit Toggle f BOV Branch if Overflow
Syntax: [label] BTG f,b[,a] Syntax: [label] BOV n
Operands: 0<f<255 Operands: -128 <n <127
0<b<7 Operation: if Overflow bit is ‘1’,
aclo] (PC)+ 2 +2n - PC
Operation: (f<b>) — f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0100 ‘ nnnn | nnnn ‘
Encoding: | 0111 [ bbba | fiff [ fiff | Description: If the Overflow bit is ‘1", then the
Description: Bit ‘b’ in data memory location, ‘f, is program will branch.
inverted. If ‘a’ is ‘0", the Access Bank will The 2's complement number, 2n’, is
be selected, overriding the BSR value. If added to the PC. Since the PC will have
‘a’ = 1, then the bank will be selected as incremented to fetch the next
per the BSR value. instruction, the new address will be
Words: 1 PC+2+ ?n. This. instruction is then a
two-cycle instruction.
Cycles: 1
yeles Words: 1
Q Cycle Activity:
y y Cycles: 1(2)
Q1 Q2 Q3 Q4 o
Decode Read Process Write Q Cycle. Activity:
register ‘f’ Data register ‘f’ If Jump:
Q1 Q2 Q3 Q4
Example: BTG PORTC, 4 Decode Rea(‘jnl‘neral Prg:teass erptg to
Before Instruction: No No No No
PORTC = 0111 0101 [0x75] operation operation operation operation
After Instruction: If No Jump:
PORTC = 0110 0101 [0x65] Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BOV JUWP
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 1;
PC = address (JUWP)
If Overflow = 0
PC = address (HERE + 2)
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RCALL Relative Call RESET Reset

Syntax: [label] RCALL n Syntax: [label] RESET

Operands: -1024 <n <1023 Operands: None

Operation: (PC)+2 > TOS, Operation: Reset all registers and flags that are
(PC)+2+2n—>PC affected by a MCLR Reset.

Status Affected: None Status Affected: All

Encoding: ‘ 1101 | 1nnn ‘ nnnn | nnnn ‘ Encoding: ‘ 0000 | 0000 ‘ 1111 | 1111 ‘

Description: Subroutine call with a jump up to 1K Description: This instruction provides a way to
from the current location. First, return execute a MCLR Reset in software.
address (PC + 2) is pu‘shed onto the Words: 1
stack. Then, add the 2’s complement
number ‘2n’ to the PC. Since the PC will Cycles: 1
have incremented to fetch the next Q Cycle Activity:
instruction, the new address will be

’ 1 2 3 4
PC + 2 + 2n. This instruction is a D Q q SQ '\? '\?
two-cycle instruction. ecode tart °_ O_
Reset operation operation

Words: 1

Cycles: 2 Example: RESET

Q Cycle Activity: After Instruction

Q1 Q2 Q3 Q4 Registers = Reset Value
Decode |Read literal | Process | Write to PC Flags* = Reset Value
‘n’ Data
PUSH PC to
stack
No No No No
operation operation operation operation

Example: HERE RCALL Junp

Before Instruction
PC =  Address ( HERE)

After Instruction
PC = Address (Junp)
TOS =  Address (HERE + 2)
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TSTFSZ Test f, Skip if O XORLW Exclusive OR Literal with W
Syntax: [label] TSTFSZ f[,a] Syntax: [label] XORLW k
Operands: 0<f<255 Operands: 0<k<255
ae[01] )
Operation: (W) . XOR. k > W
Operation: skipiff=0
P P Status Affected: N, Z
Status Affected: None .
Encoding: | 0000 | 1010 | Kkkk | Kkkk |
Encoding: | o110 | o11a | feff | fff | o _
Description: The contents of W are XORed with
Description: If " = 0, the next instruction, fetched the 8-bit literal, ‘k’. The result is placed
during the current instruction execution, in W.

is discarded and a NOP is executed, )
making this a two-cycle instruction. If ‘a’ Words: 1
is ‘0’, the Access Bank will be selected, Cycles: 1
overriding the BSR value. If ‘@’ is ‘1’ P

’ Q Cycle Activity:
then the bank will be selected as per y y

the BSR value. Q1 Q2 Q3 Q4
Decode Read Process Write to W
Words: 1 literal 'k’ Data
Cycles: 1(2)

Note: 3 cycles if skip and followed )
by a 2-word instruction. Example. XORLW: OxAF
Before Instruction

Q Cycle Activity: w = 0xB5

Q1 Q2 Q3 Q4 .
After Instruction
Decode Read Process No W = OxiA
register f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No

operation operation operation operation
If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4

No No No No
operation operation operation operation

No No No No

operation operation operation operation

Example: HERE TSTFSZ CNT
NZERO
ZERO

Before Instruction
PC = Address ( HERE)

After Instruction

If CNT = 0x00,

PC = Address (ZERO
If CNT +  0x00,

PC = Address (NZERO
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XORWF Exclusive OR W with f
Syntax: [label] XORWF f[,d[a]]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (W) .XOR. (f) —» dest
Status Affected: N, Z
Encoding: | 0001 [ 10da | ffff | frff |
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. If ‘@’ is
‘0’, the Access Bank will be selected,
overriding the BSR value. If ‘a’ is ‘1’,
then the bank will be selected as per
the BSR value.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: XORWF REG
Before Instruction
REG =  OxAF
w = 0xB5
After Instruction
REG =  Ox1A
w = 0xB5

DS39616D-page 324

© 2010 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

FIGURE 26-9:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

TMRO or TMR1 ><j:
|
TABLE 26-9: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
PaNrc?m Symbol Characteristic Min Max | Units Conditions
40 TtOH TOCKI High Pulse Width No prescaler 0.5Tcy + 20 — ns |VDD =2V
With prescaler 10 — ns
41 TtOL TOCKI Low Pulse Width No prescaler 0.5Tcy + 20 — ns
With prescaler 10 — ns
42 TtOP TOCKI Period No prescaler Tcy +10 — ns
With prescaler Greater of: — ns |N = prescale value
20 ns or Tcy + 40 (1,2, 4,..., 256)
N
45 Tt1H T1CKI High |Synchronous, no prescaler 0.5Tey + 20 — ns
Time Synchronous, PIC18FXX31 10 — ns
with prescaler  Ipc18LFXX31 25 — ns
Asynchronous PIC18FXX31 30 — ns
PIC18LFXX31 50 — ns
46 TtIL T1CKI Synchronous, no prescaler 0.5Tcy +5 — ns
Low Time  |Synchronous,  |PIC18FXX31 10 — ns
with prescaler  Ip|c18LFXX31 25 — ns
Asynchronous PIC18FXX31 30 — ns
PIC18LFXX31 50 — ns
47 THP T1CKl Input | Synchronous Greater of: — ns |N = prescale value
Period 20 ns or Tcy + 40 (1,2,4,8)
N
Asynchronous 60 — ns
Ft1 T1CKI Oscillator Input Frequency Range DC 50 kHz
48 Tcke2tmrl | Delay from External T1CKI Clock Edge to 2 Tosc 7Tosc| —
Timer Increment
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FIGURE 26-10: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)

CCPx

(Capture Mode)—m

50 Co 51 —=! .

CCPx % : l %

(Compare or PWM Mode)

TABLE 26-10: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)

Pilrc?m Symbol Characteristic Min Max Units Conditions
50 Tecl CCPx Input Low |No prescaler 0.5 Tey + 20 — ns
Time With PIC18FXX31 10 — ns
prescaler |p|C18LFXX31 20 — ns
51 TecH CCPx Input High |No prescaler 0.5 Tey + 20 — ns
Time With PIC18FXX31 10 — ns
prescaler |p|C18LFXX31 20 — ns

52 TecP CCPx Input Period 3 Tcy +40 — ns |N = prescale
N value (1, 4 or 16)

53 TccR CCPx Output Fall Time PIC18FXX31 — 25 ns
PIC18LFXX31 — 45 ns
54 TecF CCPx Output Fall Time PIC18FXX31 — 25 ns
PIC18LFXX31 — 45 ns
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FIGURE 26-17: EUSART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCBTXICKSS 70 N

PN elie 121 e e 21 -
RC7/RX/DT/SDO , .
Pin : >< X

—» 120 ' -— ?;Z -—

TABLE 26-18: EUSART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pilrgm Symbol Characteristic Min Max Units | Conditions
120 TckH2dtV [SYNC XMIT (MASTER & SLAVE)
Clock High to Data Out Valid PIC18FXX31 — 40 ns
PIC18LFXX31 — 100 ns
121 Tekrf Clock Out Rise Time and Fall Time |PIC18FXX31 — 20 ns
(Master mode) PIC18LFXX31| — 50 ns
122 Tdtrf Data Out Rise Time and Fall Time [PIC18FXX31 — 20 ns
PIC18LFXX31 — 50 ns

FIGURE 26-18: EUSART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RC6/TXICKISS /7 N\,
Pin 125
| ———

RC7/RX/DT/SDO ; : ;
Pin X j><

TABLE 26-19: EUSART SYNCHRONOUS RECEIVE REQUIREMENTS

Pa’\rlgm. Symbol Characteristic Min Max | Units Conditions
125 TdtV2ckl |SYNC RCV (MASTER & SLAVE)

Data Hold before CK { (DT hold time) 10 — ns
126 TckL2dtl | Data Hold after CK | (DT hold time) 15 — ns
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APPENDIX E: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18F442.” The changes discussed, while device-
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available on Microchip’s
web site: www.Microchip.com.

APPENDIX F: MIGRATION FROM
HIGH-END TO
ENHANCED DEVICES

A detailed discussion of the migration pathway and
differences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXX) is provided in AN726, “PIC17CXXX to
PIC18FXXX Migration.”

This Application Note is available on Microchip’s
web site: www.Microchip.com.

© 2010 Microchip Technology Inc.

DS39616D-page 377



