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PIC18(L)F2X/4XK22

FIGURE 3: 40-PIN PDIP DIAGRAM
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PIC18(L)F2X/4XK22

REGISTER 3-2: PMD1: PERIPHERAL MODULE DISABLE REGISTER 1

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
MSSP2MD MSSP1MD — CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD
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 MSSP2MD: MSSP2 Peripheral Module Disable Control bit
1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power
bit 6 MSSP1MD: MSSP1 Peripheral Module Disable Control bit
1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power
bit 5 Unimplemented: Read as ‘0’
bit 4 CCP5MD: CCP5 Peripheral Module Disable Control bit
1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power
bit 3 CCP4MD: CCP4 Peripheral Module Disable Control bit
1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power
bit 2 CCP3MD: CCP3 Peripheral Module Disable Control bit
1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power
bit 1 CCP2MD: CCP2 Peripheral Module Disable Control bit
1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power
bit 0 CCP1MD: CCP1 Peripheral Module Disable Control bit

1 = Module is disabled, Clock Source is disconnected, module does not draw digital power
0 = Module is enabled, Clock Source is connected, module draws digital power

© 2010-2016 Microchip Technology Inc.
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40 RESET

The PIC18(L)F2X/4XK22 devices differentiate between
various kinds of Reset:
a) Power-on Reset (POR)
b) MCLR Reset during normal operation
¢) MCLR Reset during power-managed modes
d) Watchdog Timer (WDT) Reset (during

execution)
e) Programmable Brown-out Reset (BOR)
f)  RESET Instruction
g) Stack Full Reset
h) Stack Underflow Reset
This section discusses Resets generated by MCLR,
POR and BOR and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 5.2.0.1 “ Stack Full and Underflow Resets”.
WDT Resets are covered in Section 24.3 “Watchdog
Timer (WDT)".

FIGURE 4-1:

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 4-1.

4.1 RCON Register

Device Reset events are tracked through the RCON
register (Register 4-1). The lower five bits of the
register indicate that a specific Reset event has
occurred. In most cases, these bits can only be cleared
by the event and must be set by the application after
the event. The state of these flag bits, taken together,
can be read to indicate the type of Reset that just
occurred. This is described in more detail in
Section 4.7 “Reset State of Registers”.

The RCON register also has control bits for setting
interrupt priority (IPEN) and software control of the
BOR (SBOREN). Interrupt priority is discussed in
Section 9.0 “Interrupts”. BOR is covered in
Section 4.5 “Brown-out Reset (BOR)”".

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack Stack Full/Underflow Reset

Pointer

External Reset
- D)
MCLRE —

()_IDLE
Sleep

WDT
Time-out

VDD
Detect

POR

Brown-out
Reset

OST/PWRT

OST® 1024 Cycles

Chip_Reset

R Qf—

10-bit Ripple Counter }—4@

3215 pwRT® 655ms

[ LF|NTOSC—’> 11-bit Ripple Counter lf

L — — — ]

Enable PWRT

Enable OST®

Note 1: See Table 4-2 for time-out situations.

2: PWRT and OST counters are reset by POR and BOR. See Sections 4.4 and 4.5.

© 2010-2016 Microchip Technology Inc.
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4.3 Master Clear (MCLR)

The MCLR pin provides a method for triggering an
external Reset of the device. A Reset is generated by
holding the pin low. These devices have a noise filter in
the MCLR Reset path which detects and ignores small
pulses. An internal weak pull-up is enabled when the
pin is configured as the MCLR input.

The MCLR pin is not driven low by any internal Resets,
including the WDT.

In PIC18(L)F2X/4XK22 devices, the MCLR input can
be disabled with the MCLRE Configuration bit. When
MCLR is disabled, the pin becomes a digital input. See
Section 10.6 “PORTE Registers” for more
information.

4.4 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VDD is adequate for operation.

To take advantage of the POR circuitry either leave the
pin floating, or tie the MCLR pin through a resistor to
VbD. This will eliminate external RC components
usually needed to create a Power-on Reset delay. A
minimum rise rate for VDD is specified. For a slow rise
time, see Figure 4-2.

When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters
(voltage, frequency, temperature, etc.) must be met to
ensure proper operation. If these conditions are not
met, the device must be held in Reset until the
operating conditions are met.

POR events are captured by the POR bit of the RCON
register. The state of the bit is set to ‘0’ whenever a
POR occurs; it does not change for any other Reset
event. POR is not reset to ‘1’ by any hardware event.
To capture multiple events, the user must manually set
the bit to ‘1’ by software following any POR.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW VbD POWER-UP)
VDD VDD
PIC® MCU
D R
R1
MCLR
C

1

Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode D helps discharge the capacitor
quickly when VbD powers down.

2. 15kQ <R <40 kQ is recommended to make
sure that the voltage drop across R does not
violate the device’s electrical specification.

3: R1 > 1 kQ will limit any current flowing into
MCLR from external capacitor C, in the event
of MCLR/VPP pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

© 2010-2016 Microchip Technology Inc.
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FIGURE 4-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD / :
MCLR L am
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PWRT TIME-OUT ‘ . 1
' «— TOST—» [

OST TIME-OUT | 3
INTERNAL RESET

FIGURE 4-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)

5V

VDD oV
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INTERNAL POR H ' .

—
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PWRT TIME-OUT ' [
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INTERNAL RESET

FIGURE 4-7: TIME-OUT SEQUENCE ON POR W/PLL ENABLED (MCLR TIED TO VDD)

VDD E—

MCLR

INTERNAL POR |_l

TPWRT

PWRT TIME-OUT

'« TOST—>:

OST TIME-OUT l TPLL—»

PLL TIME-OUT ‘

INTERNAL RESET ‘

Note:  TosT = 1024 clock cycles.
TPLL = 2 ms max. First three stages of the PWRT timer.
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REGISTER 9-6: PIR3: PERIPHERAL INTERRUPT (FLAG) REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SSP2IF BCL2IF RC2IF TX2IF | CTMUIF | TMR5GIF TMR3GIF TMR1GIF
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 SSP2IF: Synchronous Serial Port Interrupt Flag bit

1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive
bit 6 BCL2IF: MSSP2 Bus Collision Interrupt Flag bit
1= A bus collision has occurred while the SSP2 module configured in 1°C master was transmitting
(must be cleared in software)
0 = No bus collision occurred
bit 5 RC2IF: EUSART2 Receive Interrupt Flag bit
1 = The EUSART2 receive buffer, RCREG2, is full (cleared by reading RCREG?2)
0 = The EUSART2 receive buffer is empty
bit 4 TX2IF: EUSART2 Transmit Interrupt Flag bit
1 = The EUSART2 transmit buffer, TXREG2, is empty (cleared by writing TXREG?2)
0 = The EUSART2 transmit buffer is full
bit 3 CTMUIF: CTMU Interrupt Flag bit
1 = CTMU interrupt occurred (must be cleared in software)
0 = No CTMU interrupt occurred
bit 2 TMR5GIF: TMR5 Gate Interrupt Flag bits
1 = TMR gate interrupt occurred (must be cleared in software)
0 = No TMR gate occurred
bit 1 TMR3GIF: TMR3 Gate Interrupt Flag bits
1 = TMR gate interrupt occurred (must be cleared in software)
0 = No TMR gate occurred
bit 0 TMR1GIF: TMR1 Gate Interrupt Flag bits

1 = TMR gate interrupt occurred (must be cleared in software)
0 = No TMR gate occurred

DS40001412G-page 114 © 2010-2016 Microchip Technology Inc.
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REGISTER 9-11:

PIE3: PERIPHERAL INTERRUPT ENABLE (FLAG) REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SSP2IE BCL2IE RC2IE TX2IE CTMUIE | TMR5GIE ‘ TMR3GIE TMR1GIE
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 SSP2IE: Master Synchronous Serial Port 2 Interrupt Enable bit
1 = Enables the MSSP2 interrupt
0 = Disables the MSSP2 interrupt
bit 6 BCL2IE: Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 RC2IE: EUSART2 Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TX2IE: EUSART?2 Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 CTMUIE: CTMU Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 TMR5GIE: TMRS5 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR3GIE: TMR3 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 TMR1GIE: TMR1 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled

© 2010-2016 Microchip Technology Inc.
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TABLE 9-1: REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 EﬁgF',Z;eé
ANSELB — — ANSB5 ANSB4 | ANSB3 | ANSB2 ANSB1 ANSBO 150
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
INTCON2 RBPU INTEDGO | INTEDGL1 [ INTEDG2 — TMROIP — RBIP 110
INTCON3 INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF 111
10CB 10CB7 10CB6 10CB5 I0CB4 — — — — 153
IPR1 — ADIP RC1IP TX1IP | SSP1IP | CCP1IP TMR2IP TMR1IP 121
IPR2 OSCFIP C1lIP C2IP EEIP BCL1IP | HLVDIP TMRS3IP CCP2IP 122
IPR3 SSP2IP BCL2IP RC2IP TX2IP [CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
IPR4 — — — — — CCP5IP CCP4IP CCP3IP 124
IPR5 — — — — — TMRG6IP TMRSIP TMR4IP 124
PIE1 — ADIE RC1IE TX1IE | SSPlIE | CCPlIE TMR2IE TMR1IE 117
PIE2 OSCFIE Cl1IE C2IE EEIE BCL1IE | HLVDIE TMR3IE CCP2IE 118
PIE3 SSP2IE BCL2IE RC2IE TX2IE |CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIE4 — — — — — CCP5IE CCP4IE CCP3IE 120
PIE5 — — — — — TMR6IE | TMRSIE TMRA4IE 120
PIR1 — ADIF RC1IF TX1IF SSP1IF | CCP1IF TMR2IF TMR1IF 112
PIR2 OSCFIF C1IF C2IF EEIF BCL1IF | HLVDIF TMR3IF CCP2IF 113
PIR3 SSP2IF BCL2IF RC2IF TX2IF |CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PIR4 — — — — — CCP5IF CCP4IF CCP3IF 115
PIR5 — — — — — TMR6IF TMRSIF TMRA4IF 116
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 148
RCON IPEN | SBOREN — RI TO PD POR BOR 56
Legend: — =unimplemented locations, read as ‘0. Shaded bits are not used for Interrupts.
TABLE 9-2: CONFIGURATION REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Srfg;z;eé
CONFIG3H | MCLRE — P2BMX | T3CMX | HFOFST | CCP3MX | PBADEN | CCP2MX 348
CONFIGAL | DEBUG | XINST — — — LVP — STRVEN | 349
Legend: — =unimplemented locations, read as ‘0’. Shaded bits are not used for Interrupts.

DS40001412G-page 126

© 2010-2016 Microchip Technology Inc.




PIC18(L)F2X/4XK22

TABLE 10-14: PORTE I/O SUMMARY

Pin Function TR.IS ANS.EL Pin Buffer Description
Setting | Setting | Type Type
REO/P3A/CCP3/AN5 REO (0] DIG LATE<O> data output; not affected by analog input.
1 | ST PORTE<0> data input; disabled when analog input
enabled.
p3A® 0 0 o] DIG |Enhanced CCP3 PWM output.
ccp3® 0 0 o} DIG | Compare 3 output/PWM 3 output.
1 0 | ST Capture 3 input.
AN5 1 1 | AN Analog input 5.
RE1/P3B/AN6 RE1 0 0 (0] DIG LATE<1> data output; not affected by analog input.
1 0 | ST PORTE<1> data input; disabled when analog input
enabled.
P3B 0 0 0 DIG |Enhanced CCP3 PWM output.
AN6 1 1 | AN Analog input 6.
RE2/CCP5/AN7 RE2 0 0 (0] DIG LATE<2> data output; not affected by analog input.
1 0 | ST PORTE<2> data input; disabled when analog input
enabled.
CCP5 0 0 0 DIG | Compare 5 output/PWM 5 output.
1 0 | ST Capture 5 input.
AN7 1 1 | AN Analog input 7.
RE3/VPP/MCLR RE3 — — I ST | PORTE<3> data input; enabled when Configuration bit
MCLRE =0.
Vpp — — P AN Programming voltage input; always available
MCLR — — | ST Active-low Master Clear (device Reset) input; enabled
when configuration bit MCLRE = 1.

Legend: AN = Analog input or output; TTL = TTL compatible input; HV = High Voltage; OD = Open Drain; XTAL = Crystal; CMOS =
CMOS compatible input or output; ST = Schmitt Trigger input with CMOS levels; I2C = Schmitt Trigger input with 12C.
Note 1: Alternate pin assignment for P3A/CCP3 when Configuration bit CCP3MX is clear.
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TABLE 12-6: REGISTERS ASSOCIATED WITH TIMER1/3/5 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Values on

Page
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 150
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 150
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 121
IPR2 OSCFIP C1lIP C2IP EEIP BCL1IP HLVDIP TMR3IP CCP2IP 122
IPR3 SSP2IP BCL2IP RC2IP TX2IP CTMUIP TMR5GIP TMR3GIP | TMR1GIP 123
IPR5 — — — — — TMR6IP TMRSIP TMRA4IP 124
PIE1 — ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 117
PIE2 OSCFIE ClIE C2IE EEIE BCL1IE HLVDIE TMR3IE CCP2IE 118
PIE3 SSP2IE BCL2IE RC2IE TX2IE CTMUIE TMR5GIE TMR3GIE | TMR1GIE 119
PIES — — — — — TMR6IE TMRS5IE TMR4IE 120
PIR1 — ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 112
PIR2 OSCFIF ClIF C2IF EEIF BCL1IF HLVDIF TMR3IF CCP2IF 113
PIR3 SSP2IF BCL2IF RC2IF TX2IF CTMUIF TMR5GIF TMR3GIF TMRI1GIF 114
PIR5 — — — — — TMR6IF TMRSIF TMRA4IF 116
PMDO UART2MD | UARTAIMD | TMR6MD | TMR5MD TMR4MD TMR3MD TMR2MD TMR1MD 52
T1CON TMR1CS<1:0> T1CKPS<1:0> TI1SOSCEN | TISYNC | T1RD16 | TMR1ON 166
T1GCON TMR1GE | T1GPOL T1GTM | T1GSPM T1GGO/DONE T1GVAL T1GSS<1:.0> 167
T3CON TMR3CS<1:0> T3CKPS<1:0> T3SOSCEN | T3SYNC | T3RD16 | TMR3ON 166
T3GCON TMR3GE | T3GPOL T3GTM | T3GSPM T3GGO/DONE T3GVAL T3GSS<1:.0> 167
T5CON TMR5CS<1:0> T5CKPS<1:0> T5SOSCEN | T5SYNC | T5RD16 | TMRSON 166
T5GCON TMR5GE | T5GPOL T5GTM | T5GSPM T5GGO/DONE T5GVAL T5GSS<1:0> 167
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register —
TMR1L Least Significant Byte of the 16-bit TMR1 Register —
TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register —
TMR3L Least Significant Byte of the 16-bit TMR3 Register —
TMR5H Holding Register for the Most Significant Byte of the 16-bit TMR5 Register —
TMR5L Least Significant Byte of the 16-bit TMR5 Register —
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 151
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 151

TABLE 12-7: CONFIGURATION REGISTERS ASSOCIATED WITH TIMER1/3/5
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

CONFIG3H | MCLRE — P2BMX | T3CMX | HFOFST | CCP3MX | PBADEN | CCP2MX 348
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14.4 PWM (Enhanced Mode)

The enhanced PWM function described in this section is
available for CCP modules ECCP1, ECCP2 and
ECCP3, with any differences between modules noted.

The enhanced PWM mode generates a Pulse-Width
Modulation (PWM) signal on up to four different output
pins with up to ten bits of resolution. The period, duty
cycle, and resolution are controlled by the following
registers:

+ PRx registers

* TXCON registers

* CCPRXL registers

* CCPxCON registers

The ECCP modules have the following additional PWM
registers which control Auto-shutdown, Auto-restart,
Dead-band Delay and PWM Steering modes:

* ECCPXAS registers

* PSTRXCON registers

« PWMxCON registers

The enhanced PWM module can generate the following
five PWM Output modes:

« Single PWM

 Half-Bridge PWM

« Full-Bridge PWM, Forward mode

e Full-Bridge PWM, Reverse mode

* Single PWM with PWM Steering mode

FIGURE 14-5:

To select an Enhanced PWM Output mode, the
PxM<1:0> bits of the CCPxCON register must be
configured appropriately.

The PWM outputs are multiplexed with 1/O pins and are
designated PxA, PxB, PxC and PxD. The polarity of the
PWM pins is configurable and is selected by setting the
CCPxM bits in the CCPxCON register appropriately.

Figure 14-5 shows an example of a simplified block
diagram of the Enhanced PWM module.

Table 14-12 shows the pin assignments for various
Enhanced PWM modes.

Note 1: The corresponding TRIS bit must be
cleared to enable the PWM output on the
CCPx pin.

2: Clearing the CCPxCON register will
relinquish control of the CCPx pin.

3: Any pin not used in the enhanced PWM
mode is available for alternate pin
functions, if applicable.

4: To prevent the generation of an
incomplete waveform when the PWM is
first enabled, the ECCP module waits
until the start of a new PWM period
before generating a PWM signal.

EXAMPLE SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODE

DCxB<1:0> .
Duty Cycle Registers I PxM<1:0>

=

CCPxM<3:0>

e

| CCPRXL |

| CCPRxH (Slave) | |

| Comparator i R Q
B
| TMRX | 1) |
S

Comparator

Clear Timer,

CCPx/PxA CCPx/PxA
TRISX

Controller

PxB PxB
TRISX

PxC pxc®
TRISX

PxD pxD®
TRISX

toggle PWM pin and
latch duty cycle

PWMxCON

Note 1: The 8-bit timer TMRx register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler to create the 10-bit time base.
2:  PxC and PxD are not available on half-bridge ECCP modules.
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16.4.4 BREAK CHARACTER SEQUENCE

The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. A Break character consists of a
Start bit, followed by 12 ‘0’ bits and a Stop bit.

To send a Break character, set the SENDB and TXEN
bits of the TXSTAX register. The Break character trans-
mission is then initiated by a write to the TXREGx. The
value of data written to TXREGx will be ignored and all
‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).

The TRMT bit of the TXSTAX register indicates when the
transmit operation is active or Idle, just as it does during
normal transmission. See Figure 16-9 for the timing of
the Break character sequence.

16.4.4.1

The following sequence will start a message frame
header made up of a Break, followed by an auto-baud
Sync byte. This sequence is typical of a LIN bus
master.

1. Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to enable the
Break sequence.

3. Load the TXREGXx with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘55h’ to TXREGX to load the Sync charac-
ter into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware and the Sync character is
then transmitted.

Break and Sync Transmit Sequence

FIGURE 16-9:

When the TXREGx becomes empty, as indicated by
the TXxIF, the next data byte can be written to
TXREGKX.

16.4.5 RECEIVING A BREAK CHARACTER

The Enhanced EUSART module can receive a Break
character in two ways.

The first method to detect a Break character uses the
FERR bit of the RCSTAX register and the Received
data as indicated by RCREGx. The Baud Rate
Generator is assumed to have been initialized to the
expected baud rate.

A Break character has been received when;

* RCXIF bit is set
* FERR bit is set
« RCREGx =00h

The second method uses the Auto-Wake-up feature
described in Section 16.4.3 “Auto-Wake-up on
Break”. By enabling this feature, the EUSART will
sample the next two transitions on RXx/DTx, cause an
RCxIF interrupt, and receive the next data byte
followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Detect feature.
For both methods, the user can set the ABDEN bit of
the BAUDCONX register before placing the EUSART in
Sleep mode.

SEND BREAK CHARACTER SEQUENCE

Write to TXREGX I

Dummy Write

BRG Output | |

(Shift Clock)

TXX/CKX (pin) Start bit bit 0

bit 1 S bit 11 Stop bit

'

'

! -
| -

'

'

'

TXXIF bit

[
|

Break

451

(Transmit 1]
interrupt Flag)

TRMT bit )
(Transmit Shift ]

Reg. Empty Flag) .
! SENDB Sampled Here
SENDB /7

|

—~
~—

(send Break

control bit)

Auto Cleared_\(.
(
)

.

—
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16.5.1.5 Synchronous Master Transmission 4. Disable Receive mode by clearing bits SREN
Setup: and CREN.

1. Initialize the SPBRGHx, SPBRGX register pair 5. Enable Transmit mode by setting the TXEN bit.
and the BRGH and BRG16 bits to achieve the 6. If 9-bit transmission is desired, set the TX9 bit.
desired baud rate (see Section 16.4 “EUSART 7. If interrupts are desired, set the TXxIE, GIE/
Baud Rate Generator (BRG)"). GIEH and PEIE/GIEL interrupt enable bits.

2. Set the RXx/DTx and TXx/CKx TRIS controls to 8. If 9-bit transmission is selected, the ninth bit
1. should be loaded in the TX9D bit.

3. Enable the synchronous master serial port by 9. Start transmission by loading data to the
setting bits SYNC, SPEN and CSRC. Set the TXREGX register.

TRIS bits corresponding to the RXx/DTx and
TXx/CKx I/O pins.

FIGURE 16-10: SYNCHRONOUS TRANSMISSION

RXx/DTx
oin BIE0 < Bt T X BitZ ><j b< Bit 7 Bit0 Bit T ><j bzm
|-

- Word 1 - Word 2
TXX/CKX pin S S | [ | | | J | S S
(SCKP = 0)
TXX/CKx pin J4
(SCKP =1) N s SN oy NS s I s s Y A (1
Write to [ - 1 S S S S
TXREGX Reg Write Word 1 Write Word 2 it
TXXIF bit .
(Interrupt Flag) L ] | S S ))
TRMT bit —l ( ( (( ,7
) ) ) )
TXEN bit - S S S S !
Note: Sync Master mode, SPBRGXx = 0, continuous transmission of two 8-bit words.

FIGURE 16-11: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RXx/DTX pin X bito X bita XbitZSS X bite bit 7

TXX/CKx pin M S_/—\

Write to
TXREGX reg j S S
TXXIF bit ) (( X
[ )) :
TRMT bit 4‘ T
))
((
TXEN bit ))
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TABLE 25-2: PIC18(L)F2X/4XK22 INSTRUCTION SET (CONTINUED)

16-Bit Instruction Word Status

Mnemonic, _—
Operands Description Cycles VSh Lsb Affected Notes

LITERAL OPERATIONS

ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk [C,DC, Z, 0V, N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk [Z,N
IORLW k Inclusive OR literal with WREG 1 0000 1001 kkkk kkkk |Z,N
LFSR f, k Move literal (12-bit) 2nd word 2 1110 1110 OOff kkkk | None
to FSR(f) 1st word 1111 0000 kkkk kkkk
MOVLB k Move literal to BSR<3:0> 1 0000 0001 0000 kkkk |None
MOVLW k Move literal to WREG 1 0000 1110 kkkk kkkk |None
MULLW k Multiply literal with WREG 1 0000 1101 Kkkkk kkkk | None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk [C,DC, Z, OV, N
XORLW k Exclusive OR literal with WREG 1 0000 1010 kkkk kkkk |Z,N
DATA MEMORY «> PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 | None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 | None
TBLWT* Table Write 2 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 | None

Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an
external device, the data will be written back with a ‘0’.

2: If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if
assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.

4:  Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless
the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program mem-
ory locations have a valid instruction.
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INCFSZ Increment f, skip if O
Syntax: INCFSZ f{d {,a}}
Operands: 0<f<255

d e [0,1]

a € [0,1]
Operation: (f) + 1 — dest,

skip if result =0
Status Affected: None
\ 0011 | 11da ‘ fFEff | fFEFf ‘

The contents of register ‘f’ are
incremented. If ‘d" is ‘0, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘f' (default).

If the result is ‘0’, the next instruction,
which is already fetched, is discarded
and a NOP is executed instead, making
it a 2-cycle instruction.

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

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 25.2.3 “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.

Encoding:

Description:

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
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 | NCFSZ CNT, 1, O
NZERO
ZERO
Before Instruction
PC =  Address ( HERE)
After Instruction
CNT = CNT+1
IfCNT = O
PC = Address (ZERO)
IfFCNT = O
PC =  Address ( NZERO)

INFSNZ Increment f, skip if not 0
Syntax: INFSNzZ  f{,d {,a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (f) + 1 —> dest,
skip if result = 0
Status Affected: None
Encoding: | 0100 | 10da | frff | feff |
Description: The contents of register ‘f’ are

incremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘' (default).

If the result is not ‘0’, the next
instruction, which is already fetched, is
discarded and a NOP is executed
instead, making it a 2-cycle

instruction.

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

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 25.2.3 “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 Process Write to
register ‘f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No

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

Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No

operation operation operation operation

Example: HERE INFSNZ REG 1, O
ZERO
NZERO
Before Instruction
PC = Address ( HERE)
After Instruction
REG = REG+1
IfREG # O
PC =  Address ( NZERO)
IfREG = O0;
PC = Address (ZERO
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IORLW Inclusive OR literal with W IORWF Inclusive OR W with f
Syntax: IORLW  k Syntax: IORWF  f{,d {,a}}
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) .OR. k > W d<[0.1]
a e [0,1]
Status Affected: N, Z )
Operation: (W) .OR. (f) > dest
Encoding: ‘ 0000 | 1001 ‘ kkkk | kkkk ‘
Status Affected: N, Z
Description: The contents of W are ORed with the .
8-bit literal ‘k’. The result is placed in W. Encoding: ‘ 0001 | 00da ‘ frff | frff ‘
Words: 1 Description: Inclusive OR W with reglster fLf "d’ is
‘0’, the result is placed in W. If ‘d" is ‘1’,
Cycles: 1 the result is placed back in register ‘f
Q Cycle Activity: (default).
If ‘a’ is ‘0", the Access Bank is selected.
Q1 Q2 Q3 _Q4 If ‘a’is ‘'1’, the BSR is used to select the
Decode Read Process Write to W GPR bank.
literal 'k’ Data If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
Example: | ORLW 35h in Indexed Literal Offset Addressing
) mode whenever f <95 (5Fh). See
Before Instruction Section 25.2.3 “Byte-Oriented and
w = O9Ah Bit-Oriented Instructions in Indexed
After Instruction Literal Offset Mode” for details.
W = BFh Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: | ORWF  RESULT, 0, 1
Before Instruction
RESULT = 13h
W = 91h
After Instruction
RESULT = 13h
W = 93h
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NEGF Negate f
Syntax: NEGF f{a}
Operands: 0<f<255
a € [0,1]
Operation: (Hy+1>f
Status Affected: N, OV, C,DC, Z
Encoding: | o110 [ 110a | feff | ffff |
Description: Location ‘f’ is negated using two’s
complement. The result is placed in the
data memory location ‘f'.
If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
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 25.2.3 “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 Process Write
register ‘f’ Data register ‘f’

Example:

NEGF REG 1

Before Instruction

REG

REG

= 0011 1010 [3Ah]
After Instruction
= 1100 0110 [C6h]

NOP No Operation
Syntax: NOP
Operands: None
Operation: No operation
Status Affected: None
Encoding: 0000 0000 0000 0000
1111 XXXX XXXX XXXX
Description: No operation.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation

Example:
None.
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POP Pop Top of Return Stack PUSH Push Top of Return Stack
Syntax: POP Syntax: PUSH
Operands: None Operands: None
Operation: (TOS) — bit bucket Operation: (PC+2) > TOS
Status Affected: None Status Affected: None
Encoding: \ 0000 | 0000 \ 0000 | 0110 \ Encoding: \ 0000 | 0000 \ 0000 | 0101 \
Description: The TOS value is pulled off the return Description: The PC + 2 is pushed onto the top of
stack and is discarded. The TOS value the return stack. The previous TOS
then becomes the previous value that value is pushed down on the stack.
was pushed onto the return stack. This instruction allows implementing a
This instruction is provided to enable software stack by modifying TOS and
the user to properly manage the return then pushing it onto the return stack.
stack to incorporate a software stack. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q1 Q2 Q3 Q4 Decode PUSH No No
Decode No POP TOS No PC + 2o0nto | operation operation
operation value operation return stack
Example: POP Example: PUSH
GoTO NEW Before Instruction
Before Instruction TOS =  345Ah
TOS = 0031A2h PC = 0124h
Stack (1 level down) = 014332h
After Instruction
After Instruction PC = 0126h
TOS = 014332h TOS = 0126h
PC = NEW Stack (1 level down) = 345Ah
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TABLE 27-13: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)

Pa’\:;lm. Symbol Characteristic Min Max Units | Conditions
50 TecL CCPx Input Low | No prescaler 0.5Tcy + 20 — ns
Time With 10 — ns
prescaler
51 TecH CCPXx Input No prescaler 0.5Tcy + 20 — ns
High Time With 10 — ns
prescaler
52 TccP CCPx Input Period 3 Tcy +40 — ns |N = prescale
N value (1, 4 or
16)
53 TccR CCPx Output Fall Time — 25 ns
54 TccF CCPx Output Fall Time — 25 ns
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FIGURE 28-34:

PIC18LF2X/4XK22 TYPICAL IpD: RC_IDLE LF-INTOSC 31 kHz
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FIGURE 28-35:

PIC18LF2X/4XK22 MAXIMUM Ipp: RC_IDLE LF-INTOSC 31 kHz
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