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PIC18(L)F2X/4XK22

TABLE 1-2: PIC18(L)F2XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number '
PDIP, | QFN, Pin Name TI;I;e Ejrl;f;eer Description
SOIC | UQFN
13 10 |[RC2/CTPLS/P1A/CCP1/T5CKI/AN14
RC2 110 ST Digital 1/0.
CTPLS (0] — CTMU pulse generator output.
P1A (0] CMOS | Enhanced CCP1 PWM output.
CCP1 /0 ST Capture 1 input/Compare 1 output/PWM 1 output.
T5CKI | ST Timer5 clock input.
AN14 | Analog | Analog input 14.
14 11 | RC3/SCK1/SCL1/AN15
RC3 lfe} ST Digital I/O.
SCK1 /0 ST Synchronous serial clock input/output for SPI mode
(MSSP).
SCL1 /0 ST Synchronous serial clock input/output for 1°C mode
(MSSP).
AN15 | Analog | Analog input 15.
15 12 | RC4/SDI1/SDA1/AN16
RC4 110 ST Digital I/O.
SDI1 | ST SPI data in (MSSP).
SDA1 I/0 ST |I2C data I/O (MSSP).
AN16 | Analog | Analog input 16.
16 13 |RC5/SDO1/AN17
RC5 lfe} ST Digital I/O.
SDO1 ) — SPI data out (MSSP).
AN17 | Analog | Analog input 17.
17 14 | RC6/P3A/CCP3/TX1/CK1/AN18
RC6 110 ST Digital 1/0.
P3A® O | CMOS |Enhanced CCP3 PWM output.
ccp3® /0 ST Capture 3 input/Compare 3 output/PWM 3 output.
X1 (0] — EUSART asynchronous transmit.
CK1 /O ST EUSART synchronous clock (see related RXx/DTXx).
AN18 | Analog | Analog input 18.
18 15 |RC7/P3B/RX1/DT1/AN19
RC7 110 ST Digital 1/0.
P3B (0] CMOS | Enhanced CCP3 PWM output.
RX1 | ST EUSART asynchronous receive.
DT1 /O ST EUSART synchronous data (see related TXx/CKX).
AN19 | Analog | Analog input 19.
1 26 |RE3/VPPIMCLR
RE3 | ST Digital input.
VPP P Programming voltage input.
MCLR | ST Active-Low Master Clear (device Reset) input.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output; ST = Schmitt Trigger input with CMOS levels;
I = Input; O = Output; P = Power.
Note 1: Default pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are set.
2:  Alternate pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are clear.
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Note: Do not use the MOVFF instruction to
modify any of the interrupt control
registers while any interrupt is enabled.
Doing S0 may cause erratic
microcontroller behavior.

FIGURE 9-1: PIC18 INTERRUPT LOGIC
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Note 1: The RBIF interrupt also requires the individual pin IOCB enables.
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10.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to five ports available. All pins of
the 1/0O ports are multiplexed with one or more alternate
functions from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose 1/O pin.

Each port has five registers for its operation. These
registers are:
* TRIS register (data direction register)

» PORT register (reads the levels on the pins of the
device)

» LAT register (output latch)

» ANSEL register (analog input control)

» SLRCON register (port slew rate control)

The Data Latch (LAT register) is useful for read-modify-

write operations on the value that the 1/0O pins are
driving.

A simplified model of a generic 1/O port, without the
interfaces to other peripherals, is shown in Figure 10-1.

FIGURE 10-1: GENERIC I/O PORT
OPERATION
!
RD LAT \!\I
Data ,\
Bus D o) I/( %
WR LAT 1/0 pin®
or Port E CK_\_
Data Latch
b TRISX
I Q ANSELX
WR TRIS cK
TRIS Latch Input
/| Buffer
RD TRIS \l\I
/I Q D

EN
RD Port DC _|

Note 1: 1/O pins have diode protection to VDD and Vss.

10.1 PORTA Registers

PORTA is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA. Setting
a TRISA bit (= 1) will make the corresponding PORTA
pin an input (i.e., disable the output driver). Clearing a
TRISA bit (= 0) will make the corresponding PORTA pin
an output (i.e., enable the output driver and put the
contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it, will write to the PORT latch.

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

The RA4 pin is multiplexed with the Timer0 module
clock input and one of the comparator outputs to
become the RA4/TOCKI/C10OUT pin. Pins RA6 and
RAY are multiplexed with the main oscillator pins; they
are enabled as oscillator or I/O pins by the selection of
the main oscillator in the Configuration register (see
Section 24.1 “Configuration Bits” for details). When
they are not used as port pins, RA6 and RA7 and their
associated TRIS and LAT bits are read as ‘0.

The other PORTA pins are multiplexed with analog
inputs, the analog VREF+ and VREF- inputs, and the
comparator voltage reference output. The operation of
pins RA<3:0> and RA5 as analog is selected by setting
the ANSELA<S5, 3:0> bits in the ANSELA register which
is the default setting after a Power-on Reset.

Pins RAO through RA5 may also be used as comparator
inputs or outputs by setting the appropriate bits in the
CM1CONO and CM2CONO registers.

Note: On a Power-on Reset, RA5 and RA<3:0>
are configured as analog inputs and read

as ‘0. RA4 is configured as a digital input.

The RA4/TOCKI/C1OUT pin is a Schmitt Trigger input.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

The TRISA register controls the drivers of the PORTA
pins, even when they are being used as analog inputs.
The user should ensure the bits in the TRISA register
are maintained set when using them as analog inputs.

EXAMPLE 10-1: INITIALIZING PORTA
MOVLB  OxF ; Set BSR for banked SFRs
CLRF PORTA ; Initialize PORTA by

; clearing output
; data latches

CLRF LATA Al ternate net hod

; to clear output

; data latches
MOVLW  EOh Configure 1/0
MOVWWF  ANSELA ; for digital inputs
MOVLW  OCFh ; Value used to

; initialize data

; direction

MOWWF  TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs

© 2010-2016 Microchip Technology Inc.
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REGISTER 10-10: LATx: PORTx OUTPUT LATCH REGISTER®

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATX7 LATX6 LATX5 LATx4 LATX3 LATx2 LATx1 LATXO0
bit 7 bit O
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 7-0 LATx<7:0>: PORTx Output Latch bit value(®

Note 1: Register Description for LATA, LATB, LATC and LATD.

2:  Writes to PORTXx are written to corresponding LATx register. Reads from PORTX register is return of 1/0
pin values.

REGISTER 10-11: LATE: PORTE OUTPUT LATCH REGISTER®)

U-0 U-0 U-0 U-0 u-0 R/W-x/u R/W-x/u R/W-x/u
— — — — — LATEZ2 LATE1 LATEO
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 7-3 Unimplemented: Read as ‘0’
bit 2-0 LATE<2:0>: PORTE Output Latch bit value®

Note 1: Available on PIC18(L)F4XK22 devices only.

2:  Writes to PORTE are written to corresponding LATE register. Reads from PORTE register is return of I/O
pin values.

REGISTER 10-12: WPUB: WEAK PULL-UP PORTB REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
WPUB7 WPUBG6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 WPUB<7:0>: Weak Pull-up Register bits

1 = Pull-up enabled on PORT pin
0 = Pull-up disabled on PORT pin

DS40001412G-page 152 © 2010-2016 Microchip Technology Inc.
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13.6 Register Definitions: Timer2/4/6 Control
REGISTER 13-1: TxCON: TIMER2/TIMER4/TIMER6 CONTROL REGISTER
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TXOUTPS<3:0> TMRxON TxCKPS<1:0>
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
X = Bit is unknown

U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TxOUTPS<3:0>: TimerX Output Postscaler Select bits

bit 2

bit 1-0

0000 = 1:1 Postscaler
0001 = 1:2 Postscaler
0010 = 1:3 Postscaler
0011 = 1:4 Postscaler
0100 = 1:5 Postscaler
0101 = 1:6 Postscaler
0110 = 1:7 Postscaler
0111 = 1:8 Postscaler
1000 = 1:9 Postscaler
1001 =1:10 Postscaler
1010 =1:11 Postscaler
1011 =1:12 Postscaler
1100 =1:13 Postscaler
1101 = 1:14 Postscaler
1110 = 1:15 Postscaler
1111 =1:16 Postscaler

TMRxON: TimerX On bit

1= TimerXison
0 = TimerX is off

TxCKPS<1:0>: Timer2-type Clock Prescale Select bits

00 =Prescaleris 1
01 = Prescaler is 4
1x =Prescaler is 16

© 2010-2016 Microchip Technology Inc.

DS40001412G-page 171



PIC18(L)F2X/4XK22

14.1.4 CCP PRESCALER

There are four prescaler settings specified by the
CCPxM<3:0> hits of the CCPxCON register. Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another does
not clear the prescaler and may generate a false
interrupt. To avoid this unexpected operation, turn the
module off by clearing the CCPxCON register before
changing the prescaler. Example 14-1 demonstrates
the code to perform this function.

EXAMPLE 14-1: CHANGING BETWEEN
CAPTURE PRESCALERS

14.1.5 CAPTURE DURING SLEEP

Capture mode requires a 16-bit TimerX module for use
as a time base. There are four options for driving the
16-bit TimerX module in Capture mode. It can be driven
by the system clock (Fosc), the instruction clock (Fosc/
4), or by the external clock sources, the Secondary
Oscillator (Sosc), or the TXCKI clock input. When the
16-bit TimerX resource is clocked by Fosc or Fosc/4,
TimerX will not increment during Sleep. When the
device wakes from Sleep, TimerX will continue from its
previous state. Capture mode will operate during Sleep
when the 16-bit TimerX resource is clocked by one of
the external clock sources (Sosc or the TxCKI pin).

#defi ne NEW CAPT_PS 0x06 // Capture

/'l Prescale 4th
L /1l rising edge
CCPxCON = 0; /! Turn the CCP

/1 Module Of
CCPxCON = NEW CAPT_PS; /] Turn CCP nodul e

/1 on with new

/'l prescal e val ue

TABLE 14-3: REGISTERS ASSOCIATED WITH CAPTURE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page

CCP1CON P1M<1:0> DC1B<1:0> CCP1M<3:0> 198
CCP2CON P2M<1:0> DC2B<1:0> CCP2M<3:0> 198
CCP3CON P3M<1:0> DC3B<1:0> CCP3M<3:0> 198
CCP4CON — — DC4B<1:0> CCP4M<3:0> 198
CCP5CON — — DC5B<1:0> CCP5M<3:0> 198
CCPR1H Capture/Compare/PWM Register 1 High Byte (MSB) —
CCPRI1L Capture/Compare/PWM Register 1 Low Byte (LSB) —
CCPR2H Capture/Compare/PWM Register 2 High Byte (MSB) —
CCPR2L Capture/Compare/PWM Register 2 Low Byte (LSB) —
CCPR3H Capture/Compare/PWM Register 3 High Byte (MSB) —
CCPR3L Capture/Compare/PWM Register 3 Low Byte (LSB) —
CCPR4H Capture/Compare/PWM Register 4 High Byte (MSB) —
CCPRA4L Capture/Compare/PWM Register 4 Low Byte (LSB) —
CCPR5H Capture/Compare/PWM Register 5 High Byte (MSB) —
CCPR5L Capture/Compare/PWM Register 5 Low Byte (LSB) —
CCPTMRSO C3TSEL<1:0> — C2TSEL<1:0> — C1TSEL<1:0> 201
CCPTMRS1 — — — — C5TSEL<1:0> CATSEL<1:0> 201
INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 121
IPR2 OSCFIP C1IP C2IP EEIP BCL1IP HLVDIP TMR3IP CCP2IP 122
IPR4 — — — — — CCPS5IP CCP4IP CCP3IP 124
PIE1 — ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMRI1IE 117
Legend: — = Unimplemented location, read as ‘0’. Shaded bits are not used by Capture mode.
Note 1: These registers/bits are available on PIC18(L)F4XK22 devices.

© 2010-2016 Microchip Technology Inc.
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14.3.6 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-hit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when PRx is
255. The resolution is a function of the PRx register
value as shown by Equation 14-4.

EQUATION 14-4:

PWM RESOLUTION

Resolution =

log[4(PRx + 1)]

log(2)

bits

Note:

If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

TABLE 14-7: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 32 MHz)
PWM Frequency 1.95 kHz 7.81 kHz 31.25 kHz 125 kHz 250 kHz 333.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 14-8: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc =20 MHz)
PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 14-9: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)
PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5
14.3.7 OPERATION IN SLEEP MODE 14.3.9 EFFECTS OF RESET

In Sleep mode, the TMRX register will not increment
and the state of the module will not change. If the CCPx
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMRx will continue from its
previous state.

14.3.8 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency. See
Section 2.0 “Oscillator Module (With Fail-Safe
Clock Monitor)” for additional details.

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

DS40001412G-page 182

© 2010-2016 Microchip Technology Inc.



PIC18(L)F2X/4XK22

14.4.2.1 Direction Change in Full-Bridge

Mode

In the Full-Bridge mode, the PxM1 bit in the CCPxCON
register allows users to control the forward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.

A direction change is initiated in software by changing
the PxM1 bit of the CCPxCON register. The following
sequence occurs four Timer cycles prior to the end of
the current PWM period:

* The modulated outputs (PxB and PxD) are placed
in their inactive state.

» The associated unmodulated outputs (PxA and
PxC) are switched to drive in the opposite
direction.

* PWM modulation resumes at the beginning of the
next period.

See Figure 14-12 for an illustration of this sequence.

The Full-Bridge mode does not provide dead-band
delay. As one output is modulated at a time, dead-band
delay is generally not required. There is a situation
where dead-band delay is required.

FIGURE 14-12:

This situation occurs when both of the following
conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn off time of the power switch, including
the power device and driver circuit, is greater
than the turn on time.

Figure 14-13 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time t1, the output PxA and
PxD become inactive, while output PxC becomes
active. Since the turn off time of the power devices is
longer than the turn on time, a shoot-through current
will flow through power devices QC and QD (see
Figure 14-10) for the duration of ‘t. The same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required
for an application, two possible solutions for eliminating
the shoot-through current are:

1. Reduce PWM duty cycle for one PWM period
before changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

~<————  Period®

Signal

> Period ——»

PxA (Active-High) :

PXB (Active-High) .

PxC (Active-High) :

+ Pulse Width |
B .

PxD (Active-High) :

— - @

Pulse Width

where TimerX is Timer2, Timer4 or Timer6.

Note 1: The direction bit PxM1 of the CCPxCON register is written any time during the PWM cycle.

2:  When changing directions, the PxA and PxC signals switch before the end of the current PWM cycle. The
modulated PxB and PxD signals are inactive at this time. The length of this time is (TimerX Prescale)/Fosc,

'
'
'
'
'
L
'
'
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FIGURE 15-15: I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN = 1, AHEN = 0, DHEN = 0)
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TABLE 15-2: REGISTERS ASSOCIATED WITH 12C OPERATION

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpizt;é
ANSELA — — ANSA5 _ ANSA3 | ANSA2 ANSA1 ANSAO 149
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1® | ANsBo® 150
ANSELC ANSC7 ANSC6 ANSC5 | ANSC4 | ANSC3 | ANSC2 — — 150
ANSELD ANSD7 ANSD6 | ANSD5 | ANSD4 | ANSD3 | ANSD2 | ANSD1® | ANSDO®@ 150
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP | TX1IP | SSP1IP | CCP1IP | TMR2IP | TMR1IP 121
IPR2 OSCFIP cilp caIp EEIP | BCL1IP | HLVDIP | TMR3IP | CCP2IP 122
IPR3 SSP2IP BCL2IP RC2IP | TX2IP | CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
PIE1 — ADIE RCLIE | TX1IE | SSP1IE | CCPlIE | TMR2IE | TMRIIE 117
PIE2 OSCFIE C1IE C2IE EEIE | BCL1IE | HLVDIE | TMR3IE | CCP2IE 118
PIE3 SSP2IE BCL2IE RC2IE | TX2IE | CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIR1 — ADIF RC1IF | TX1IF | SSP1IF | CCPlIF | TMR2IF | TMR1IF 112
PIR2 OSCFIF ClIF C2IF EEIF BCL1IF | HLVDIF | TMR3IF | CCP2IF 113
PIR3 SSP2IF BCL2IF RC2IF | TX2IF | CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PMD1 MSSP2MD | MSSP1MD — CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD 53
SSP1ADD |SSP1 Address Register in I°C Slave mode. SSP1 Baud Rate Reload Register in 1°C Master mode. 258
SSP1BUF SSP1 Receive Buffer/Transmit Register —
SSP1CON1| WCOL SSPOV SSPEN CKP SSPM<3:0> 253
SSP1CON2| GCEN ACKSTAT | ACKDT | ACKEN | RCEN PEN RSEN SEN 255
SSP1CON3| ACKTIM PCIE SCIE BOEN | SDAHT | SBCDE AHEN DHEN 256
SSP1MSK SSP1 MASK Register bits 257
SSP1STAT SMP CKE D/A P S RIW UA BF 252
SSP2ADD | SSP2 Address Register in I°C Slave mode. SSP2 Baud Rate Reload Register in 1°C Master mode. 258
SSP2BUF SSP2 Receive Buffer/Transmit Register —
SSP2CON1| WCOL SSPOV SSPEN CKP SSPM<3:0> 253
SSP2CON2| GCEN ACKSTAT | ACKDT | ACKEN | RCEN PEN RSEN SEN 255
SSP2CON3| ACKTIM PCIE SCIE BOEN | SDAHT | SBCDE AHEN DHEN 256
SSP2MSK SSP1 MASK Register bits 257
SSP2STAT SMP CKE D/A P S RIW UA BF 252
TRISB TRISB7 TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1® | TRIsBO®W 151
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 151
TRISD TRISD7 TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1® | TRISDO® 151

Legend: Shaded bits are not used by the MSSPx in 12C mode.
Note 1: PIC18(L)F2XK22 devices.
2:  PIC18(L)F4XK22 devices.
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FIGURE 16-2: EUSART RECEIVE BLOCK DIAGRAM
CREN ‘ OERR ‘ RCIDL
RXIDTX pin s RSR Register LS !
gg::iBCu;iiol gz::%very : Stop eee |1 | 0/|START E

Baud Rate Generator Fosc

' BRG16

:—ﬁDT Multiplier | x4 | x16 |x64
! SYNC |[1|X|0|0]| O
X 0

FIFO

|SPBRGHX SPBRGx BRGH |[X|1|1]|0

FERR RX9D RCREGX Register

_______________________________________ 8
Data Bus

RCxIF Interrupt
RCxIE

The operation of the EUSART module is controlled
through three registers:

» Transmit Status and Control (TXSTAX)
* Receive Status and Control (RCSTAX)
» Baud Rate Control (BAUDCONX)

These registers are detailed in Register 16-1,
Register 16-2 and Register 16-3, respectively.

For all modes of EUSART operation, the TRIS control
bits corresponding to the RXx/DTx and TXX/CKx pins
should be set to ‘1. The EUSART control will
automatically reconfigure the pin from input to output, as
needed.

When the receiver or transmitter section is not enabled
then the corresponding RXx/DTx or TXx/CKXx pin may be
used for general purpose input and output.
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16.1.1.5 TSR Status

The TRMT bit of the TXSTAXx register indicates the
status of the TSR register. This is a read-only bit. The
TRMT bit is set when the TSR register is empty and is
cleared when a character is transferred to the TSR
register from the TXREGx. The TRMT bit remains clear
until all bits have been shifted out of the TSR register.
No interrupt logic is tied to this bit, so the user needs to
poll this bit to determine the TSR status.

Note:  The TSR register is not mapped in data
memory, so it is not available to the user.
16.1.1.6 Transmitting 9-Bit Characters

The EUSART supports 9-bit character transmissions.
When the TX9 bit of the TXSTAX register is set the
EUSART will shift nine bits out for each character
transmitted. The TX9D bit of the TXSTAX register is the
ninth, and Most Significant, data bit. When transmitting
9-bit data, the TX9D data bit must be written before
writing the eight Least Significant bits into the TXREGx.
All nine bits of data will be transferred to the TSR shift
register immediately after the TXREGXx is written.

A special 9-bit Address mode is available for use with
multiple receivers. See Section 16.1.2.8 “Address
Detection” for more information on the Address mode.

16.1.1.7

1.

Asynchronous Transmission Setup:

Initialize the SPBRGHx:SPBRGx register pair
and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 16.4 “EUSART
Baud Rate Generator (BRG)").

Set the RXx/DTx and TXx/CKx TRIS controls to
1’

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

If 9-bit transmission is desired, set the TX9
control bit. A set ninth data bit will indicate that
the eight Least Significant data bits are an
address when the receiver is set for address
detection.

Set the CKTXP control bit if inverted transmit
data polarity is desired.

Enable the transmission by setting the TXEN
control bit. This will cause the TXxIF interrupt bit
to be set.

If interrupts are desired, set the TXXIE interrupt
enable bit. An interrupt will occur immediately
provided that the GIE/GIEH and PEIE/GIEL bits
of the INTCON register are also set.

If 9-bit transmission is selected, the ninth bit
should be loaded into the TX9D data bit.

Load 8-bit data into the TXREGXx register. This
will start the transmission.

FIGURE 16-3: ASYNCHRONOUS TRANSMISSION
Write to TXREGxX I (C
BRG Output Worg ! 2 )
(Shitt Clock) — T l l ) S_t | | | | —

THXICIx pin N\ Start bit A bito X bitl ><j S X hit7/8 Stop bit

. ! ' Word 1 !

TXxIF bit ! '
(Transmit Buffer - <1Tcy ((
Reg. Empty Flag) |_| ) )

. Word1l —
(Tran-srr?"laghbig Transmit Shift Reg

Reg. Empty Flag) —|

I~
—
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FIGURE 16-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREGx [ 1 ((
BRG Output Word 1 World 2 ) )
(Shift Clock) I L | 1 : I 1 1 I SS_I 1 I I I 1
TXXCKx pin , Start b:it A bito__X__bitl ><j D bit7/8 Stop bit \Startbit < hito
TXXIF bit 1Tcy ' =, | — Word 1 } Word 2 ———
(Interrupt Reg. Flag) L] L ((
T - = 1Tcy ) )
TRMT bit —_— —
Regrégsprg/ithlgg)t ot Shit Reg word2 i Reg
3
Note: This timing diagram shows two consecutive transmissions.
TABLE 16-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Va(')‘:]es
Page
BAUDCON1 | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 271
BAUDCON2 | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 271
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 121
IPR3 SSP2IP BCL2IP RC2IP TX2IP CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
PIE1 — ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 117
PIE3 SSP2IE BCL2IE RC2IE TX2IE CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIR1 — ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 112
PIR3 SSP2IF BCL2IF RC2IF TX2IF CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PMDO UART2MD | UART1MD | TMR6MD |TMR5MD |[TMR4MD |TMR3MD |TMR2MD |TMR1MD 52
RCSTAl1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 270
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 270
SPBRG1 EUSARTL1 Baud Rate Generator, Low Byte —
SPBRGH1 EUSARTL1 Baud Rate Generator, High Byte —
SPBRG2 EUSART2 Baud Rate Generator, Low Byte —
SPBRGH2 EUSART2 Baud Rate Generator, High Byte —
TXREG1 EUSART1 Transmit Register —
TXSTAL CSRC | Tx9 | TXEN | sSync | SENDB | BRGH | TRMT | TX9D 269
TXREG2 EUSART2 Transmit Register —
TXSTA2 CSRC | Tx9 | TXEN | SYNC | SENDB | BRGH | TRMT | TX9D [ 269
Legend: — =unimplemented locations, read as ‘0’. Shaded bits are not used for asynchronous transmission.

© 2010-2016 Microchip Technology Inc.
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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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24.3.1 CONTROL REGISTER

Register 24-14 shows the WDTCON register. This is a
readable and writable register which contains a control
bit that allows software to control the WDT when the
SWDTEN configuration bits select the software control
mode.

24.4 Register Definitions: WDT Control
REGISTER 24-14: WDTCON: WATCHDOG TIMER CONTROL REGISTER

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

— | — \ — == — — SWDTEN®
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’ = Bitis cleared X = Bit is unknown
bit 7-1 Unimplemented: Read as ‘0’
bit 0 SWDTEN: Software Enable or Disable the Watchdog Timer bit(1)

1 =WDT is turned on
0 = WDT is turned off (Reset value)

Note 1: This bit has no effect if the Configuration bits WDTEN <1,0> are not equal to '10".

TABLE 24-3: REGISTERS ASSOCIATED WITH WATCHDOG TIMER

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
RCON IPEN | SBOREN — RI TO PD POR BOR 56
WDTCON — — — — — — — SWDTEN 355
Legend: — = unimplemented, read as ‘0’. Shaded bits are not used by the Watchdog Timer.
TABLE 24-4: CONFIGURATION REGISTERS ASSOCIATED WITH WATCHDOG TIMER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
CONFIG2H — — WDPS<3:0> WDTEN<1:0> 347

Legend: — =unimplemented, read as ‘0’. Shaded bits are not used by the Watchdog Timer.
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MOVFF Move f to f MOVLB Move literal to low nibble in BSR
Syntax: MOVFF fg,fy Syntax: MOVLW k
Operands: 0 <fy <4095 Operands: 0<k<255
0 <fq <4095 Operation: k - BSR
Operation: (fs) ~ fg Status Affected: None
Status Affected:  None Encoding: [ 0000 | 0001 [ kkkk | kkkk |
Encoding: Description: The 8-bit literal 'k’ is loaded into the
1st word (source) 1100 ffff ffff fiffg Bank Select Register (BSR). The value
2nd word (destin.) 1111 ffff ffff fiffy of BSR<7:4> always remains ‘0’
Description: The contents of source register ‘g’ are regardless of the value of k;:ky4.
moved to destination register ‘fy'". Words: 1
Location of source ‘fg’ can be anywhere '
in the 4096-byte data space (000h to Cycles: 1
FFFh) and location of destination ‘fy’ Q Cycle Activity:
can also be anywhere from 000h to
FFFh. QL Q2 Q3 Q4
Either source or destination can be W Decode _ Reaq ’ Process \{Vf'te literal
(a useful special situation). literal 'k Data k'to BSR
MOVFF is particularly useful for
transferring a data memory location to a Example: NOVLB 5
peripheral register (such as the transmit Before | .
buffer or an 1/O port). € Orgsgsgl::t;;zr - ozh
The MOVFF instruction cannot use the After | 9 B
PCL, TOSU, TOSH or TOSL as the erB”SSgué“o,” -~ os
destination register. egister =
Words: 2
Cycles: 2(3)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
(src)
Decode No No Write
operation operation register ‘f’
No dummy (dest)
read
Example: MOVFF REGL, REG2
Before Instruction
REG1 = 33h
REG2 = 11h
After Instruction
REG1 = 33h
REG2 = 33h

© 2010-2016 Microchip Technology Inc.
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TABLE 27-18: MASTER SSP I1°C BUS DATA REQUIREMENTS

P?\Irgm. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time |100 kHz mode | 2(Tosc)(BRG +1) | — ms
400 kHz mode | 2(TosCc)(BRG +1) | — ms
1 MHz mode | 2(Tosc)(BRG +1) | — ms
101 TLow Clock Low Time | 100 kHz mode | 2(TosCc)(BRG +1) | — ms
400 kHz mode | 2(Tosc)(BRG +1) | — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
102 TR SDA and SCL | 100 kHz mode — 1000 ns |Csis specified to be
Rise Time 400 kHz mode 20401Cs | 300 | ns |TTOm
10 to 400 pF
1 MHz mode® — 300 | ns
103 TF SDA and SCL 100 kHz mode — 300 ns |Csis specified to be
Fall Time 400 kHz mode 20+ 0.1 CB 300 | ns |from
10 to 400 pF
1 MHz mode® — 100 | ns
90 TSu:sTA | Start Condition |100 kHz mode | 2(Tosc)(BRG +1) | — ms | Only relevant for
Setup Time 400 kHz mode | 2(Tosc)(BRG+1) | — | ms |Repeated Start
1 MHz mode | 2(Tosc)(BRG +1) | — ms condition
91 THD:STA | Start Condition | 100 kHz mode | 2(Tosc)(BRG+1) | — ms | After this period, the first
Hold Time 400 kHz mode | 2(Tosc)(BRG +1) | — ms clock pulse is generated
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
106 THD:DAT | Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 09 | ms
107 TSU:DAT | Data Input 100 kHz mode 250 — ns |(Note 2)
Setup Time 400 kHz mode 100 — ns
92 Tsu:sTO | Stop Condition |100 kHz mode | 2(Tosc)(BRG +1) | — ms
Setup Time 400 kHz mode | 2(Tosc)(BRG+1) | — | ms
1 MHz mode | 2(Tosc)(BRG +1) | — ms
109 TAA Output Valid 100 kHz mode — 3500 ns
from Clock 400 kHz mode — 1000 | ns
1 MHz mode® — — ns
110 TBUF Bus Free Time |100 kHz mode 4.7 — ms | Time the bus must be
400 kHz mode 1.3 _ ms free before a new trans-
mission can start
D102 |Cs Bus Capacitive Loading — 400 pF
Note 1: Maximum pin capacitance = 10 pF for all e pins.
2: A fast mode I°C bus device can be used in a standard mode 12C bus system, but parameter 107 > 250 ns

must then be met. This will automatically be the case if the device does not stretch the Low period of the
SCL signal. If such a device does stretch the Low period of the SCL signal, it must output the next data bit
to the SDA line, parameter 102 + parameter 107 = 1000 + 250 = 1250 ns (for 100 kHz mode), before the
SCL line is released.
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FIGURE 28-82: PIC18(L)F2X/4XK22 TTL BUFFER INPUT HIGH VOLTAGE
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FIGURE 28-83: PIC18(L)F2X/4XK22 SCHMITT TRIGGER BUFFER INPUT HIGH VOLTAGE

4.5

P d
~

4.0

Min.

3.8
Vbb (V)

4.2

4.6

© 2010-2016 Microchip Technology Inc.

DS40001412G-page 495



PIC18(L)F2X/4XK22

28-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

e
o IITTIIuaooun

c SILK
-« SCREEN

_ Y
S0 000000000000_—

RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits| MIN | NOM | MAX

Contact Pitch E 1.27 BSC
Contact Pad Spacing C 9.40
Contact Pad Width (X28) X 0.60
Contact Pad Length (X28) Y 2.00
Distance Between Pads Gx 0.67
Distance Between Pads G 7.40

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2052A
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
| c! |
| W2 |
® || }D |:| |:| |:| |:| [ ll r E
c2 1] 1] ? — G
T2 __
L] ]
X1 ——l | ~——
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2105A
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