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PIC18F2331/2431/4331/4431

3.7.2 OSCILLATOR TRANSITIONS

The PIC18F2331/2431/4331/4431 devices contain
circuitry to prevent clocking “glitches” when switching
between clock sources. A short pause in the system
clock occurs during the clock switch. The length of this
pause is between 8 and 9 clock periods of the new
clock source. This ensures that the new clock source is
stable and that its pulse width will not be less than the
shortest pulse width of the two clock sources.

Clock transitions are discussed in greater detail in
Section 4.1.2 “Entering Power-Managed Modes".

3.8 Effects of Power-Managed Modes
on the Various Clock Sources

When PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator using
the OSC1 pin is disabled. The OSC1 pin (and OSC2 pin,
if used by the oscillator) will stop oscillating.

When the device executes a SLEEP instruction, the
system is switched to one of the power-managed
modes, depending on the state of the IDLEN and
SCS<1:0> bits of the OSCCON register. See
Section 4.0 “Power-Managed Modes” for details.

In  secondary clock modes (SEC_RUN and
SEC_IDLE), the Timer1 oscillator is operating and
providing the system clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1.

In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the system clock
source. The INTRC output can be used directly to
provide the system clock and may be enabled to
support various special features, regardless of the
power-managed mode (see Section 23.2 “Watchdog
Timer (WDT)” through Section 23.4 “ Fail-Safe Clock
Monitor”). The INTOSC output at 8 MHz may be used

directly to clock the system, or may be divided down
first. The INTOSC output is disabled if the system clock
is provided directly from the INTRC output.

If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timer1 oscillator may be operating to support a Real-
Time Clock. Other features may be operating that do
not require a system clock source (i.e., SSP slave,
INTx pins, A/D conversions and others).

3.9 Power-up Delays

Power-up delays are controlled by two timers, so that no
external Reset circuitry is required for most applications.
The delays ensure that the device is kept in Reset until
the device power supply is stable under normal
circumstances, and the primary clock is operating and
stable. For additional information on power-up delays,
see Section 5.3 “Power-on Reset (POR)” through
Section 5.4 “Brown-out Reset (BOR)".

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 26-8), if enabled, in Configuration Register 2L.
The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the crys-
tal oscillator is stable (LP, XT and HS modes). The OST
does this by counting 1024 oscillator cycles before
allowing the oscillator to clock the device.

When the HSPLL Oscillator mode is selected, the
device is kept in Reset for an additional 2 ms, following
the HS mode OST delay, so the PLL can lock to the
incoming clock frequency.

TABLE 3-3: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
OSC Mode OSC1 Pin OSC2 Pin

RC, INTIO1 Floating, external resistor At logic low (clock/4 output)
should pull high

RCIO, INTIO2 Floating, external resistor Configured as PORTA, bit 6
should pull high

ECIO Floating, pulled by external clock Configured as PORTA, bit 6

EC Floating, pulled by external clock At logic low (clock/4 output)

LP, XT and HS Feedback inverter disabled at Feedback inverter disabled at
quiescent voltage level quiescent voltage level

Note: See Table 5-1 in Section 5.0 “Reset” for time-outs due to Sleep and MCLR Reset.

© 2010 Microchip Technology Inc.
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FIGURE 5-7: TIME-OUT SEQUENCE ON POR w/PLL ENABLED (MCLR TIED TO VDD)
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Note: TosT = 1024 clock cycles.
TPLL ~ 2 ms max. First three stages of the PWRT timer.

TABLE 5-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER

Condition Program | = RCON | o/ | 75 | 55 | POR | BOR | STKFUL | STKUNF
Counter Register

Power-on Reset 0000h | 0--1 1100 | 1 1 1 0 0 0 0
RESET Instruction 0000h | 0--0 uuuu | O u u u u u u
Brown-out 0000h | 0--1 11u- | 1 1 1 u 0 u u
MCLR Reset during power-managed 0000h | 0--u luuu | u 1 u u u u u
Run modes
MCLR Reset during power-managed Idle 0000h | 0--u 10uu | u 1 0 u u u u
and Sleep modes
WDT Time-out during full power or 0000h | 0--u Quuu | u 0 u u u u u
power-managed Run modes
MCLR Reset during full-power execution u u
Stack Full Reset (STVREN = 1) 0000h | 0--u uuuu | u u u u u 1 u
Stack Underflow Reset (STVREN = 1) u 1
Stack Underflow Error (not an actual 0000h | u--u uuuu | u u u u u u 1
Reset, STVREN = 0)
WDT time-out during power-managed Idle | PC+2 | u--u OOuu | u 0 0 u u u u
or Sleep modes
Interrupt exit from power-managed modes | PC + 20 u--u wouu | u u 0 u u u u

Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’.
Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the
interrupt vector (0x000008h or 0x000018h).
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16.5 PWM Mode

In Pulse-Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC /O data
latch.

Figure 16-3 shows a simplified block diagram of the
CCP1 module in PWM mode.

For a step-by-step procedure on how to set up the
CCP1 module for PWM operation, see Section 16.5.3
“Setup for PWM Operation”.

FIGURE 16-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers CCP1CON<5:4>
‘ CCPR1L |
‘ CCPR1H (Slave) |
‘ Comparator | R Q
T RC2/CCP1
‘ TMR2 |(Note l)|
e — S
Comparator TRISC<2>
Clear Timer,
4 CCP1 pin and
PR2 latch D.C.
Note 1: 8-bit timer is concatenated with 2-bit internal
Q clock or 2 bits of the prescaler to create
10-bit time base.

A PWM output (Figure 16-4) has a time base
(period) and a time that the output is high (duty
cycle). The frequency of the PWM is the inverse of
the period (1/period).

FIGURE 16-4:

Period

PWM OUTPUT

L

Duty Cycle

TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

16.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following equation:

EQUATION 16-1:

PWM Period= [(PR2) + 1] » 4+ TosC *
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period]. When

TMR2 is equal to PR2, the following three events occur

on the next increment cycle:

* TMR2 is cleared

* The CCP1 pin is set (if PWM duty cycle = 0%, the
CCP1 pin will not be set)

* The PWM duty cycle is copied from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 14.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

16.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPR1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The PWM duty cycle is
calculated by the following equation:

EQUATION 16-2:

PWM Duty Cycle= (CCPR1L:CCP1CON<5:4>) ¢
Tosc « (TMR2 Prescale Value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not copied into
CCPR1H until a match between PR2 and TMR2 occurs
(i.e., the period is complete). In PWM mode, CCPR1H
is a read-only register.

© 2010 Microchip Technology Inc.
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17.2.3.3 Reset and Update Events

The position counter will continue to increment or dec-
rement until one of the following events takes place.
The type of event and the direction of rotation when it
happens determines if a register Reset or update
occurs.

1. An index pulse is detected on the INDX input
(QEIM<2:0> = 001).

If the encoder is traveling in the forward direc-
tion, POSCNT is reset (00h) on the next clock
edge after the index marker, INDX, has been
detected. The position counter resets on the
QEA or QEB edge once the INDX rising edge
has been detected.

If the encoder is traveling in the reverse direc-
tion, the value in the MAXCNT register is loaded
into POSCNT on the next quadrature pulse
edge (QEA or QEB) after the falling edge on
INDX has been detected.

2. A POSTCNT/MAXCNT period match occurs
(QEIM<2:0> = 010).

If the encoder is traveling in the forward direc-
tion, POSCNT is reset (00h) on the next clock
edge when POSCNT = MAXCNT. An interrupt
eventis triggered on the next Tcy after the Reset
(see Figure 17-10)

If the encoder is traveling in the reverse
direction and the value of POSCNT reaches
00h, POSCNT is loaded with the contents of the
MAXCNT register on the next clock edge. An
interrupt event is triggered on the next Tcy after
the load operation (see Figure 17-10).

The value of the position counter is not affected during
QEI mode changes, nor when the QEI is disabled
altogether.

17.2.4 QEI INTERRUPTS

The position counter interrupt occurs and the interrupt
flag (IC2QEIF) is set, based on the following events:

* A POSCNT/MAXCNT period match event
(QEIM<2:0> = 010 or 110)

* A POSCNT rollover (FFFFh to 0000h) in Period
mode only (QEIM<2:0> =010 or 110)

* Anindex pulse detected on INDX

The interrupt timing diagrams for IC2QEIF are shown in
Figure 17-10 and Figure 17-11.

When the direction has changed, the direction change
interrupt flag (IC3DRIF) is set on the following Tcy
clock (see Figure 17-10).

If the position counter rolls over in Index mode, the
QERR bit will be set.

17.2.5 QEI SAMPLE TIMING

The quadrature input signals, QEA and QEB, may vary
in quadrature frequency. The minimum quadrature
input period, TQEI, is 16 TCY.

The position count rate, FPOS, is directly proportional to
the rotor’s RPM, line count D and QEI Update mode (x2
versus x4); that is,

EQUATION 17-1:

4D « RPM

FPos = )

Note: The number of incremental lines in the
position encoder is typically set at D = 1024
and the QEI Update mode = x4.

The maximum position count rate (i.e., x4 QEI
Update mode, D = 1024) with Fcy = 10 MIPS is equal
to 2.5 MHz, which corresponds to FQEI of 625 kHz.

Figure 17-9 shows QEA and QEB quadrature input
timing when sampled by the noise filter.

DS39616D-page 164
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18.8.2 PWM CHANNEL OVERRIDE

PWM output may be manually overridden for each
PWM channel by using the appropriate bits in the
OVDCOND and OVDCONS registers. The user may
select the following signal output options for each PWM
output pin operating in the Independent PWM mode:

* 1/O pin outputs PWM signal

» 1/O pin inactive

* 1/O pin active

Refer to Section 18.10 “PWM Output Override” for
details for all the override functions.

FIGURE 18-19: CENTER CONNECTED

LOAD

18.9 Single-Pulse PWM Operation

The single-pulse PWM operation is available only in
Edge-Aligned mode. In this mode, the PWM module
will produce single-pulse output. Single-pulse
operation is configured when the PTMOD<1:0> bits are
set to ‘01’ in the PTCONO register. This mode of
operation is useful for driving certain types of ECMs.

In Single-Pulse mode, the PWM I/O pin(s) are driven to
the active state when the PTEN bit is set. When the
PWM timer match with the Duty Cycle register occurs,
the PWM 1/O pin is driven to the inactive state. When
the PWM timer match with the PTPER register occurs,
the PTMR register is cleared, all active PWM 1/O pins
are driven to the inactive state, the PTEN bit is cleared
and an interrupt is generated if the corresponding
interrupt bit is set.

Note:  PTPER and PDCx values are held as they
are after the single-pulse output. To have
another cycle of single pulse, only PTEN
has to be enabled.

18.10 PWM Output Override

The PWM output override bits allow the user to manu-
ally drive the PWM 1/O pins to specified logic states,
independent of the duty cycle comparison units. The
PWM override bits are useful when controlling various
types of ECMs like a BLDC motor.

OVDCOND and OVDCONS registers are used to
define the PWM override options. The OVDCOND
register contains eight bits, POVD<7:0>, that
determine which PWM /O pins will be overridden. The
OVDCONS register contains eight bits, POUT<7:0>,
that determine the state of the PWM I/O pins when a
particular output is overridden via the POVD bits.

The POVD bits are active-low control bits. When the
POVD bits are set, the corresponding POUT bit will
have no effect on the PWM output. In other words, the
pins corresponding to POVD bits that are set will have
the duty PWM cycle set by the PDCx registers. When
one of the POVD bits is cleared, the output on the cor-
responding PWM 1/O pin will be determined by the
state of the POUT bit. When a POUT bit is set, the
PWM pin will be driven to its active state. When the
POUT bit is cleared, the PWM pin will be driven to its
inactive state.

18.10.1 COMPLEMENTARY OUTPUT MODE

The even numbered PWM 1/O pins have override
restrictions when a pair of PWM 1/O pins are operating
in the Complementary mode (PMODx = 0). In Comple-
mentary mode, if the even numbered pin is driven
active by clearing the corresponding POVD bit and by
setting POUT bits in the OVDCOND and OVDCONS
registers, the output signal is forced to be the comple-
ment of the odd numbered I/O pin in the pair (see
Figure 18-2 for details).

18.10.2 OVERRIDE SYNCHRONIZATION

If the OSYNC bit in the PWMCONT1 register is set, all
output overrides performed via the OVDCOND and
OVDCONS registers will be synchronized to the PWM
time base. Synchronous output overrides will occur on
the following conditions:

* When the PWM is in Edge-Aligned mode,
synchronization occurs when PTMR is zero.

* When the PWM is in Center-Aligned mode,
synchronization occurs when PTMR is zero and
when the value of PTMR matches PTPER.

Note 1: In the Complementary mode, the even
channel cannot be forced active by a
Fault or override event when the odd
channel is active. The even channel is
always the complement of the odd
channel with dead time inserted, before
the odd channel can be driven to its
active state, as shown in Figure 18-20.

2: Dead time is inserted in the PWM
channels even when they are in Override
mode.

DS39616D-page 194
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18.12.3 PWM OUTPUTS WHILE IN FAULT
CONDITION

While in the Fault state (i.e., one or both FLTA and
FLTB inputs are active), the PWM output signals are
driven into their inactive states. The selection of which
PWM outputs are deactivated (while in the Fault state)
is determined by the FLTCON bit in the FLTCONFIG
register as follows:

« FLTCON = 1: When FLTA or FLTB is asserted,
the PWM outputs (i.e., PWM<7:0>) are driven into
their inactive state.

+ FLTCON = 0: When FLTA or FLTB is asserted,
only PWM<5:0> outputs are driven inactive,
leaving PWM<7:6> activated.

Note:  Disabling only three PWM channels and
leaving one PWM channel enabled when
in the Fault state, allows the flexibility to
have at least one PWM channel enabled.
None of the PWM outputs can be enabled
(driven with the PWM Duty Cycle
registers) while FLTCON = 1 and the Fault

condition is present.

18.124 PWM OUTPUTS IN DEBUG MODE

The BRFEN bit in the FLTCONFIG register controls the
simulation of a Fault condition, when a breakpoint is hit,
while debugging the application using an In-Circuit
Emulator (ICE) or an In-Circuit Debugger (ICD). Setting
the BRFEN to high, enables the Fault condition on
breakpoint, thus driving the PWM outputs to the inactive
state. This is done to avoid any continuous keeping of
status on the PWM pin, which may result in damage of
the power devices connected to the PWM outputs.

If BRFEN = 0, the Fault condition on breakpoint is
disabled.

Note: It is highly recommended to enable the
Fault condition on breakpoint if a debug-
ging tool is used while developing the
firmware and high-power circuitry. When
the device is ready to program after
debugging the firmware, the BRFEN bit
can be disabled.

DS39616D-page 200
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NOTES:
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19.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

19.1 SSP Module Overview

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be serial EEPROMSs, shift registers,
display drivers, A/D Converters, etc. The SSP module
can operate in one of two modes:

« Serial Peripheral Interface (SPI)
* Inter-Integrated Circuit (I2C™)

An overview of I2C operations and additional
information on the SSP module can be found in the
“PIC® Mid-Range MCU Family Reference Manual”
(DS33023).

Refer to application note AN578, “Use of the SSP
Module in the 12C™ Multi-Master Environment’
(DS00578).

19.2 SPI Mode

This section contains register definitions and opera-
tional characteristics of the SPI module. Additional
information on the SPI module can be found in the
"PIC® Mid-Range MCU Family Reference Manual”
(DS33023).

SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. To accomplish
communication, typically three pins are used:

 Serial Data Out (SDO)

» Serial Data In (SDI)

* Serial Clock (SCK)

Additionally, a fourth pin may be used when in a Slave
mode of operation:

+ Slave Select (SS)

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON (SSPCON<5:0>) and
SSPSTAT<7:6> registers. These control bits allow the
following to be specified:

» Master mode (SCK is the clock output)

+ Slave mode (SCK is the clock input)

 Clock polarity (Idle state of SCK)

+ Clock edge (output data on rising/falling edge of
SCK)

+ Clock rate (Master mode only)
» Slave Select mode (Slave mode only)

© 2010 Microchip Technology Inc.
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REGISTER 19-2: SSPCON: SYNCHRONOUS SERIAL PORT CONTROL REGISTER (CONTINUED)

bit 3-0

Note 1:

SSPM<3:0>: Synchronous Serial Port Mode Select bits(®

0000 = SPI Master mode, Clock = Fosc/4

0001 = SPI Master mode, Clock = Fosc/16

0010 = SPI Master mode, Clock = Fosc/64

0011 = SPI Master mode, Clock = TMR2 output/2

0100 = SPI Slave mode, Clock = SCK pin, SS pin control enabled

0101 = SPI Slave mode, Clock = SCK pin, SS pin control disabled, SS can be used as I/O pin
0110 = I2C Slave mode, 7-bit address

0111 = I2C Slave mode, 10-bit address

1011 = I2C Firmware Controlled Master mode (slave Idle)

1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1111 = I2C Slave mode, 10-bit address with Start and Stop bit interrupts enabled

In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by
writing to the SSPBUF register.

When enabled, these pins must be properly configured as inputs or outputs.
Bit combinations not specifically listed here are either reserved or implemented in I2C™ mode only.

DS39616D-page 208 © 2010 Microchip Technology Inc.
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19.3 SSP I°C Operation

The SSP module, in I°C mode, fully implements all slave
functions except general call support and provides
interrupts on Start and Stop bits in hardware to facilitate
firmware implementations of the master functions. The
SSP  module implements the standard mode
specifications, as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the SCK/
SCL pin, which is the clock (SCL), and the SDI/SDA
pin, which is the data (SDA). The user must configure
these pins as inputs or outputs through the
TRISC<5:4> or TRISD<3:2> bits.

The SSP module functions are enabled by setting SSP
Enable bit SSPEN (SSPCON<5>).

FIGURE 19-5: SSP BLOCK DIAGRAM

(I’C™ MODE)

< Internal
Data Bus
Read —ZE % Write
>

X I~ Shift

Clock
X Q-{ SSPSR Reg |
SDI/SDA® MSb LSb

>

Match Detect

Addr Match

SSPADD Reg

Start and Set, Reset

. S, P bits
Stop bit Detect (SSPSTAT Reg)

Note 1: When SSPMX =1 in CONFIG3H:
SCK/SCL is multiplexed to the RC5 pin, SDA/
SDI is multiplexed to the RC4 pin and SDO is
multiplexed to pin, RC7.

When SSPMX = 0 in CONFIG3H:

SCK/SCL is multiplexed to the RD3 pin, SDA/
SDI is multiplexed to the RD2 pin and SDO is
multiplexed to pin, RD1.

The SSP module has five registers for 12C operation.
These are the:

« SSP Control Register (SSPCON)

» SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

» SSP Shift Register (SSPSR) — Not directly
accessible

» SSP Address Register (SSPADD)

The SSPCON register allows control of the 1°C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with Start and
Stop bit interrupts enabled to support Firmware
Controlled Master mode

+ 12C Slave mode (10-bit address), with Start and
Stop bit interrupts enabled to support Firmware
Controlled Master mode

« 12C Start and Stop bit interrupts enabled to
support Firmware Controlled Master mode;
Slave is Idle

Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain,
provided these pins are programmed as inputs by
setting the appropriate TRISC or TRISD bits. Pull-up
resistors must be provided externally to the SCL and
SDA pins for proper operation of the 12C module.

Additional information on SSP 1%C operation can be
found in the “PIC® Mid-Range MCU Family Reference
Manual” (DS33023).

19.3.1 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<5:4> or TRISD<3:2> set). The
SSP module will override the input state with the output
data when required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. They include (either
or both):

a) The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

b) The SSP Overflow bit, SSPOV (SSPCON<6>),
was set before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit, SSPIF (PIR1<3>), is set.
Table 19-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow
condition. Flag bit, BF, is cleared by reading the
SSPBUF register, while bit, SSPOV, is cleared through
software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I°C specification, as well as the requirements of the
SSP module, are shown in timing Parameter 100 and
Parameter 101.

DS39616D-page 212

© 2010 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

20.2 EUSART Baud Rate Generator
(BRG)

The BRG is a dedicated 8-bit or 16-bit generator, that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode. Setting the BRG16 bit (BAUDCON<3>)
selects 16-bit mode.

The SPBRGH:SPBRG register pair controls the period
of a free-running timer. In Asynchronous mode, bits
BRGH (TXSTA<2>) and BRG16 also control the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 20-1 shows the formula for computation of the
baud rate for different EUSART modes, which only
apply in Master mode (internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGH:SPBRG registers can be
calculated using the formulas in Table 20-1. From this,
the error in baud rate can be determined. An example
calculation is shown in Example 20-1. Typical baud
rates and error values for the various Asynchronous
modes are shown in Table20-2. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG, to reduce the baud rate error or
achieve a slow baud rate for a fast oscillator frequency.

Writing a new value to the SPBRGH:SPBRG registers
causes the BRG timer to be reset (or cleared). This
ensures the BRG does not wait for a timer overflow
before outputting the new baud rate.

TABLE 20-1: BAUD RATE FORMULAS

20.2.1 POWER-MANAGED MODE
OPERATION

The system clock is used to generate the desired baud
rate. However, when a power-managed mode is
entered, the clock source may be operating at a
different frequency than in PRI_RUN mode. In Sleep
mode, no clocks are present and in PRI_IDLE, the
primary clock source continues to provide clocks to the
Baud Rate Generator. However, in other power-
managed modes, the clock frequency will probably
change. This may require the value in SPBRG to be
adjusted.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit
and make sure that the receive operation is Idle before
changing the system clock.

20.2.2 SAMPLING

The data on the RC7/RX/DT/SDO pin is sampled three
times by a majority detect circuit to determine if a high
or a low level is present at the RX pin.

Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH

0 0 0 8-Bit/Asynchronous Fosc/[64 (n + 1)]
0 0 1 8-Bit/Asynchronous

- Fosc/[16 (n + 1)]
0 1 0 16-Bit/Asynchronous
0 1 1 16-Bit/Asynchronous
1 0 X 8-Bit/Synchronous Fosc/[4 (n + 1)]
1 1 X 16-Bit/Synchronous

Legend: x = Don’t care, n = value of SPBRGH:SPBRG register pair
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REGISTER 21-5: ADCHS: A/D CHANNEL SELECT REGISTER

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

GDSELA1 GDSELO GBSEL1 GBSELO GCSEL1 GCSELO GASEL1 GASELO

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 GDSEL<1:0>: Group D Select bits
S/H-2 positive input.
00 = AN3
01 = AN7()
1x = Reserved
bit 5-4 GBSEL<1:0>: Group B Select bits
S/H-2 positive input.
00 = AN1
01 = AN5()
1x = Reserved
bit 3-2 GCSEL<1:0>: Group C Select bits
S/H-1 positive input.
00 = AN2
01 = AN6@)
1x = Reserved
bit 1-0 GASEL<1:0>: Group A Select bits
S/H-1 positive input.
00 = ANO
01 = AN4
10 = AN8W
11 = Reserved

Note 1: ANS5 through ANS8 are available only in PIC18F4331/4431 devices.
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23.2 Watchdog Timer (WDT)

For PIC18F2331/2431/4331/4431 devices, the WDT is
driven by the INTRC source. When the WDT is
enabled, the clock source is also enabled. The nominal
WDT period is 4 ms and has the same stability as the
INTRC oscillator.

The 4 ms period of the WDT is multiplied by a 16-bit
postscaler. Any output of the WDT postscaler is
selected by a multiplexer, controlled by bits in
Configuration Register 2H (see Register 23-3).
Available periods range from 4 ms to 131.072 seconds
(2.18 minutes). The WDT and postscaler are cleared
when any of the following events occur: execute a
SLEEP or CLRWDT instruction, the IRCF bits
(OSCCON<6:4>) are changed or a clock failure has
occurred (see Section23.4.1 “FSCM and the
Watchdog Timer”).

Adjustments to the internal oscillator clock period using
the OSCTUNE register also affect the period of the
WDT by the same factor. For example, if the INTRC
period is increased by 3%, then the WDT period is
increased by 3%.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and postscaler counts
when executed.

2: Changing the setting of the IRCF bits
(OSCCON<6:4>) clears the WDT and
postscaler counts.

3: When a CLRVWDT instruction is executed,
the postscaler count will be cleared.

4: If WINEN = 0, then CLRWDT must be exe-
cuted only when WDTW = 1; otherwise, a
device Reset will result.

23.21 CONTROL REGISTER

Register 23-15 shows the WDTCON register. This is a
readable and writable register. The SWDTEN bit allows
software to enable or disable the WDT, but only if the
Configuration bit has disabled the WDT. The WDTW bit
is a read-only bit that indicates when the WDT count is
in the fourth quadrant (i.e., when the 8-bit WDT value is
b’11000000’ or greater).

FIGURE 23-1: WDT BLOCK DIAGRAM
SWDTEN Enable WDT
WDTEN

WDT Counter
INTRC Source

Change on IRCF bits

INTRC Control

Wake-up
TD_> from Sleep

Y

L]

Programmable Postscaler |Reset ""D—» WDT

RWDT >
< 1:1 to 1:32,768 Reset
All Device Resets 1 WDT
WDTPS<3:0> 4
Sleep
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [label ] CLRF f[,a] Syntax: [label] CLRWDT
Operands: 0<f<255 Operands: None
ae[01] Operation: 000h — WDT,
Operation: 000h — f, 000h — WDT postscaler,
1527 1> E
Status Affected: V4 1__>ED
Encoding: [ o110 [ 101a [ fref [ fert | Status Affected:  TO, PD
Description: Clears the contents of the specified reg- Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
ister. If ‘a’ is ‘0’, the Access Bank will be Description: CLRWDT instruction resets the
selected, overriding the BSR value. If Watchdog Timer. It also resets the post-
‘a’ =1, then the bank will be selected as scaler of the WDT. Status bits TO and
per the BSR value. PD are set.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Write Decode No Process No
register ‘f’ Data register ‘f’ operation Data operation
Example: CLRF FLAG_REG Example: CLRWDT
Before Instruction Before Instruction
FLAG_REG = O0Ox5A WDT Counter = ?
After Instruction After Instruction
FLAG_REG =  0x00 WDT Counter = 0x00
WDT Postscaler = 0
10 = 1
PD = 1
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RLNCF Rotate Left f (No Carry)
Syntax: [ label ] RLNCF f[,d [,a]]
Operands: 0<f<255
d e [0,1]
a e[0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) — dest<0>
Status Affected: N, Z
Encoding: ‘ 0100 | 0lda ‘ fEff | fFEff ‘
Description: The contents of register, ‘f’, are rotated
one bit to the left. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
stored back in register, ‘. If ‘@’ is ‘0’, the
Access Bank will be selected, overrid-
ing the BSR value. If ‘a’ is ‘1’, then the
bank will be selected as per the BSR
value.
et
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example: RLNCF  REG
Before Instruction
REG = 1010 1011
After Instruction
REG = 0101 0111

RRCF Rotate Right f through Carry
Syntax: [label] RRCF f[,d[,a]]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f<n>) — dest<n — 1>,
(f<0>) - C,
(C) —» dest<7>
Status Affected: C,N,Z
Encoding: | o011 [ ooda | ffff | frff |
Description: The contents of register, ‘f’, are rotated
one bit to the right through the Carry
Flag. If ‘d’ is ‘0’, the result is placed in
W. If 'd" is ‘1’, the result is placed back
in register, f’. If ‘a’ 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.
o _reasert ]
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination

Example: RRCF REG W
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
W = 0111 0011
C = 0
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TBLRD Table Read
Syntax: [label]  TBLRD ( *; *+; *-; +¥)
Operands: None
Operation: if TBLRD *,
(Prog Mem (TBLPTR)) — TABLAT,
TBLPTR — No Change;
if TBLRD *+,
(Prog Mem (TBLPTR)) — TABLAT,
(TBLPTR) + 1 - TBLPTR;
if TBLRD *-,
(Prog Mem (TBLPTR)) — TABLAT,
(TBLPTR) — 1 —» TBLPTR;
if TBLRD +*,
(TBLPTR) + 1 — TBLPTR,
(Prog Mem (TBLPTR)) — TABLAT
Status Affected: None
Encoding: 0000 0000 0000 10nn
nn =0
=1 *+
=2 *.
=3 +*
Description: This instruction is used to read the contents
of Program Memory (P.M.). To address the
program memory, a pointer called Table
Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory. TBLPTR
has a 2-Mbyte address range.
TBLPTR[0] = 0: Least Significant Byte of
Program Memory Word
TBLPTR[0] = 1: Most Significant Byte of
Program Memory Word
The TBLRD instruction can modify the value
of TBLPTR as follows:
* no change
+ post-increment
* post-decrement
* pre-increment
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation |(Read Program | operation (Write
Memory) TABLAT)

TBLRD Table Read (cont’d)
Example 1: TBLRD *+ ;
Before Instruction
TABLAT = 0x55
TBLPTR =  0x00A356
MEMORY(0x00A356) =  0x34
After Instruction
TABLAT = 0x34
TBLPTR =  0x00A357
Example 2: TBLRD +*
Before Instruction
TABLAT = OxAA
TBLPTR =  0x01A357
MEMORY(0x01A357) =  0x12
MEMORY(0x01A358) =  0x34
After Instruction
TABLAT = 0x34
TBLPTR = 0x01A358
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2331/2431/4331/4431 (Industrial, Extended)
PIC18LF2331/2431/4331/4431 (Industrial) (Continued)

PIC18LF2331/2431/4331/4431 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC18F2331/2431/4331/4431 Standa.rd Operating Conditions Sunless othezwise .stated).
(Industrial, Extended) Operating temperature -40°C < TA < +85 (;)for industrial
-40°C < TA < +125°C for extended
Pa’\:Z\m Device Typ Max | Units Conditions
Supply Current (Ipp)23)
PIC18LF2X31/4X31| 150 250 pA -40°C
150 250 pA +25°C VDD = 2.0V
160 250 pA +85°C
PIC18LF2X31/4X31| 340 350 pA -40°C
300 | 350 | uA +25°C VoD = 3.0V Fosc =1 MHz
280 350 pA +85°C (PRI—RUN’
EC oscillator)
All devices| 0.72 1.0 mA -40°C
0.63 1.0 mA +25°C VDD = 5.0V
0.57 1.0 mA +85°C
0.9 2.1 mA +125°C
PIC18LF2X31/4X31| 440 600 pA -40°C
450 600 pA +25°C VDD = 2.0V
460 600 pA +85°C
PIC18LF2X31/4X31| 0.80 1.0 mA -40°C
078 | 10 | mA +25°C VDD = 3.0V Fosc =4 MHz
0.77 1.0 mA +85°C (PRI—RUN’
EC oscillator)
All devices| 1.6 2.0 mA -40°C
1.5 2.0 mA +25°C VDD = 5.0V
1.5 2.0 mA +85°C
2.0 42 mA +125°C
All devices Fosc = 25 MHz
10 28 mA +125°C VDD = 5.0V (PRI_RUN,
EC oscillator)
All devices| 9.5 12 mA -40°C
9.7 12 mA +25°C VDD = 4.2V
9.9 12 mA +85°C Fosc =40 MHz
All devices| 11.9 15 mA -40°C (PRI—RUN’
EC oscillator)
12.1 15 mA +25°C VDD = 5.0V
12.3 15 mA +85°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss, and all features that add delta
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula: Ir = VDD/2REXT (mA) with REXT in kQ.

4:  Standard, low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.
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TABLE 26-1:

MEMORY PROGRAMMING REQUIREMENTS

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for extended

Pilrgm Sym Characteristic Min Typt Max | Units Conditions
Internal Program Memory
Programming Specifications(®
D110 |Vpp  |Voltage on MCLR/VPP pin 9.00 — 13.25 V  |(Note 3)
D112 |lpP Current into MCLR/VPP pin — — 300 pA
D113 |IbbP  |Supply Current during — — 1 mA
Programming
Data EEPROM Memory
D120 |ED Byte Endurance 100K ™ — E/W |-40°C to +85°C
D121 |VDRw |VDD for Read/Write VMIN — 5.5 V  |Using EECON to read/write
VMIN = Minimum operating
voltage
D122 |Tpew |Erase/Write Cycle Time — 4 — ms
D123 |TReTD |Characteristic Retention 40 — — Year |Provided no other
specifications are violated
D124 |TRer |Number of Total Erase/Write ™ 10M — E/W |-40°C to +85°C
Cycles before Refresh(®
Program Flash Memory
D130 |EP Cell Endurance 10K 100K — E/W |-40°C to +85°C
D131 |VPR |VDD for Read VMIN — 5.5 V' |[VMIN = Minimum operating
voltage
D132 |VEE VDD for Block Erase 4.5 — 5.5 V  |Using ICSP™ port
D132A |Viw VDD for Externally Timed Erase 4.5 — 5.5 V  |Using ICSP port
or Write
D132B |VPEW |VDD for Self-Timed Write VMIN — 5.5 V  |VMIN = Minimum operating
voltage
D133 |TIE ICSP™ Block Erase Cycle Time — 4 — ms [VDD > 4.5V
D133A |Tiw ICSP Erase or Write Cycle Time 1 — — ms [VDD > 4.5V
(externally timed)
D133A |Tiw Self-Timed Write Cycle Time — 2 — ms
D134 |TReTD |Characteristic Retention 40 100 — Year |Provided no other
specifications are violated

1 Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

Note 1: These specifications are for programming the on-chip program memory through the use of table write
instructions.

2. Referto Section 7.9 “Using the Data EEPROM” for a more detailed discussion on data EEPROM
endurance.

3:  Required only if Single-Supply Programming is disabled.

© 2010 Microchip Technology Inc.

DS39616D-page 341




PIC18F2331/2431/4331/4431

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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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX XXX

'|' —|— —|— Examples:
Device Temperature  Package Pattern a) PIC18LF4431-1/P 301 = Industrial temp.,
Range PDIP package, Extended VDD limits,
QTP pattern #301.
b) PIC18LF2331-1/SO = Industrial temp.,
Device PIC18F2331/2431/4331/4431(), SOIC package, Extended VDD limits.
PIC18F2331/2431/4331/4431T(12); c) PIC18F4331-I/P = Industrial temp., PDIP
VDD range 4.2V to 5.5V package, normal VDD limits.

PIC18LF2331/2431/4331/4431(1),
PIC18LF2331/2431/4331/44310T(%:2);
VDD range 2.0V to 5.5V

Temperature | = -40°C to +85°C (Industrial)
Range E = -40°Cto+125°C (Extended) Note 1: F = Standard Voltage Range
LF = Wide Voltage Range
Package PT = TQFP (Thin Quad Flatpack) 2: T = in Tape and Reel — SOIC
SO = SOIC and TQFP Packages only.
SP = Skinny Plastic DIP
P = PDIP
ML = QFN
Pattern QTP, SQTP, Code or Special Requirements

(blank otherwise)
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