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They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC18(L)F26/45/46K40

1.2 Other Special Features

* Memory Endurance: The Flash cells for both
program memory and data EEPROM are rated to
last for many thousands of erase/write cycles — up
to 10K for program memory and 100K for
EEPROM. Data retention without refresh is
conservatively estimated to be greater than 40
years.

» Self-programmability: These devices can write
to their own program memory spaces under
internal software control. By using a boot loader
routine located in the protected Boot Block at the
top of program memory, it becomes possible to
create an application that can update itself in the
field.

» Extended Instruction Set: The PIC18(L)F2x/
4xK40 family introduces an optional extension to
the PIC18 instruction set, which adds eight new
instructions and an Indexed Addressing mode.
This extension, enabled as a device configuration
option, has been specifically designed to optimize
re-entrant application code originally developed in
high-level languages, such as C.

* Enhanced Peripheral Pin Select: The
Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O
pins. Only digital signals are included in the
selections. All analog inputs and outputs remain
fixed to their assigned pins.

* Enhanced Addressable EUSART: This serial
communication module is capable of standard
RS-232 operation and provides support for the
LIN bus protocol. Other enhancements include
automatic baud rate detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the EUSART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
power requirement).

* 10-bit A/D Converter with Computation: This
module incorporates programmable acquisition
time, allowing for a channel to be selected and a
conversion to be initiated without waiting for a
sampling period and thus, reduce code overhead.
It has a new module called ADC? with
computation features, which provides a digital
filter and threshold interrupt functions.

* Windowed Watchdog Timer (WWDT):

- Timer monitoring of overflow and underflow
events

- Variable prescaler selection
- Variable window size selection

- All sources configurable in hardware or
software

1.3 Details on Individual Family
Members

Devices in the PIC18(L)F2x/4xK40 family are available
in 28-pin and 40/44-pin packages. The block diagram
for this device is shown in Figure 1-1.

The devices have the following differences:
Program Flash Memory

Data Memory SRAM

Data Memory EEPROM

A/D channels

1/O ports

Enhanced USART

7. Input Voltage Range/Power Consumption

IR o

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in the pin summary
tables (Table 1 and Table 2).
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4.2 Register Definitions: Oscillator Control
REGISTER 4-1: OSCCON1: OSCILLATOR CONTROL REGISTER1
u-0 R/W-f/f R/W-f/f R/W-f/f R/W-q/q R/W-qg/q R/W-qg/q R/W-q/q
— NOSC<2:0> \ NDIV<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared f = determined by fuse setting
g = Reset value is determined by hardware
bit 7 Unimplemented: Read as ‘0’
bit 6-4 NOSC<2:0>: New Oscillator Source Request bits{1:2:3)
The setting requests a source oscillator and PLL combination per Table 4-2.
POR value = RSTOSC (Register 3-1).
bit 3-0 NDIV<3:0>: New Divider Selection Request bits(2:3)
The setting determines the new postscaler division ratio per Table 4-2.
Note1: The default value (f/f) is determined by the RSTOSC Configuration bits. See Table 4-1below.

2:

3:

If NOSC is written with a reserved value (Table 4-2), the operation is ignored and neither NOSC nor NDIV is
written.
When CSWEN = 0, this register is read-only and cannot be changed from the POR value.

TABLE 4-1: DEFAULT OSCILLATOR SETTINGS USING RSTOSC BITS

SFR Reset Values
RSTOSC Initial FOosc Frequency
NOSC/COSC CDIV OSCFRQ
111 111 1:1 EXTOSC per FEXTOSC
110 110 4:1 Fosc = 1 MHz (4 MHz/4)
4 MHz
101 101 1:1 LFINTOSC
100 100 1:1 SOSC
011 Reserved
010 010 ‘ 1:1 ‘ 4 MHz ‘ EXTOSC + 4xPLL (1)
001 Reserved
000 110 ‘ 1:1 ‘ 64 MHz ‘ Fosc = 64 MHz
Note 1: EXTOSC must meet the PLL specifications (Table 37-9).
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7.0 PERIPHERAL MODULE
DISABLE (PMD)

Sleep, Idle and Doze modes allow users to
substantially reduce power consumption by slowing or
stopping the CPU clock. Even so, peripheral modules
still remain clocked, and thus, consume some amount
of power. There may be cases where the application
needs what these modes do not provide: the ability to
allocate limited power resources to the CPU while
eliminating power consumption from the peripherals.

The PIC18(L)F2x/4xK40 family addresses this
requirement by allowing peripheral modules to be
selectively enabled or disabled, placing them into the
lowest possible power mode.

For legacy reasons, all modules are ON by default
following any Reset.

71 Disabling a Module

Disabling a module has the following effects:

« All clock and control inputs to the module are
suspended; there are no logic transitions, and the
module will not function.

* The module is held in Reset.

* Any SFR becomes “unimplemented”

- Writing is disabled
- Reading returns 00h

* 1/O functionality is prioritized as per Section 15.1,
1/O Priorities

» All associated Input Selection registers are also
disabled

7.2 Enabling a Module

When the PMD register bit is cleared, the module is
re-enabled and will be in its Reset state (Power-on
Reset). SFR data will reflect the POR Reset values.

Depending on the module, it may take up to one full
instruction cycle for the module to become active.
There should be no interaction with the module
(e.g., writing to registers) for at least one instruction
after it has been re-enabled.

7.3 Effects of a Reset

Following any Reset, each control bit is set to ‘0,
enabling all modules.

7.4 System Clock Disable

Setting SYSCMD (PMDO, Register 7-1) disables the
system clock (Fosc) distribution network to the
peripherals. Not all peripherals make use of SYSCLK,
so not all peripherals are affected. Refer to the specific
peripheral description to see if it will be affected by this
bit.
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TABLE 10-1: PROGRAM AND DATA MEMORY MAP
PIC18(L)F25K40 PIC18(L)F26K40 PIC18(L)F27K40
PIC18(L)F24K40 PIC18(L)F45K40 PIC18(L)F46K40 PIC18(L)F47K40
| PC<21:0> | PC<21:0> | PC<21:0> | PC<21:0> |
¥ ¥ ¥ V]
Note1| Stack (31levels) | Stack(31levels) | Stack (31levels) | Stack (31levels) | Note1
v ¥ ¥
00 0000h Reset Vector Reset Vector Reset Vector Reset Vector 00 0000h
00 0008h | Interrupt Vector High Interrupt Vector High Interrupt Vector High Interrupt Vector High | 00 0008h
00 0018h | Interrupt Vector Low Interrupt Vector Low Interrupt Vector Low Interrupt Vector Low | 00 0018h
00 001Ar: User Flash Memory ?0 001Ah
00 3FFFh (BKW) User Flash Memory 00 3FFFh
16KW
00 4000'? ( ) User Flash Memory ?0 4000n
00 7FFFh (32KW) PFM Flash Memory 00 7FFFh
00 8000h (64KW) 00 8000h
00 FFFFh Not 1) 00 FFFFh
resen
01 0000h oL prese 01 0000h
. Not present“) .
01 FFFFh 1 01 FFFFh
Not present( )
02 0000h 02 0000h
. Not present“) .
1F FFFFh 1F FFFFh
20 0000h 20 0000h
eee User IDs (8 Words) see
20 000Fh 20 000Fh
20 0010h 20 0010h
oo Reserved see
2F FFFFh 2F FFFFh
30 0000h 30 0000h
e Configuration Words (6 Words) s
30 000Bh 30 000Bh
30 000Ch 30 000Ch
eee Reserved see
30 FFFFh 30 FFFFh
31 0000h DataEEByte0 31 0000h
ala=EByle DataEEByte0
31 00FFh DataEEByte255
oo Unimplemented cee
DataEEByte102
31 03FFh alaEEByte1023 31 03FFh
31 0400h 31 0400h
eee Reserved see
3F FFFBh 3F FFFBh
3F FFFCh 3F FFFCh
oee Revision ID (1 Word)® cee
3F FFFDh 3F FFFDh
3F FFFEh 3F FFFEh
cee Device ID (1 Word)®? cee
3F FFFFh 3F FFFFh
Note 1: The addresses do not roll over. The region is read as ‘0’.
2: Device/Revision IDs are hard-coded in silicon.
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11.3.5

WRITE VERIFY

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

EXAMPLE 11-5:

DATA EEPROM READ

; Data Menory

Address to read
BCF NVMCONL, NVMREQD ; Setup Data EEPROM Access
BCF NVMCONL, NVMREGL ; Setup Data EEPROM Access
MOVF EE_ADDRL, W ;
MOVWF NVMADRL
MOVF EE_ADDRH, W
MOVWF NVMADRH
BSF NVMCON1, RD

Setup Address |ow byte

Setup Address high byte (if applicable)
| ssue EE Read

Requi red unl

MOVF NVMDAT, W W = EE_DATA
EXAMPLE 11-6: DATA EEPROM WRITE

; Data Menory Address to wite
BCF NVMCONL, NVMREQD ; Setup Data EEPROM access
BCF NVMCONL, NVMREGL ; Setup Data EEPROM access
MOVF EE_ADDRL, W ;
MOVWF NVMADRL ; Setup Address | ow byte
MOVF EE_ADDRH, W
MOVWF NVMADRH Setup Address high byte (if applicable)

; Data Menory Value to wite
MOVF EE_DATA, W
MOVWF NVNDAT

; Enable writes
BSF NVMCONL, WREN

Di sable interrupts

BCF INTCON, G E ;

ock sequence

MOVLW 55h

MOVWF NVMCON2 ;
MOVLW AAh ;
MOVWF NVMCON2
; Set WR bit to begin wite
BSF NVMCONL, WR
; Wait for wite to conplete
BTFSC NVMCONL, VR
BRA $-2
; Enabl e | NT
BSF I NTCON, G E ;
Di sable wites
BCF NVMCONL, WREN
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14.8 Register Definitions: Interrupt Control
REGISTER 14-1: INTCON: INTERRUPT CONTROL REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0 R/W-1/1 R/W-1/1 R/W-1/1
GIE/GEH | PEIE/GIEL | IPEN | - | - INT2EDG INTIEDG | INTOEDG
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 GIE/GIEH: Global Interrupt Enable bit

bit 6

bit 5

bit 4-3
bit 2

bit 1

bit 0

If IPEN = 1:
1 = Enables all unmasked interrupts and cleared by hardware for high-priority interrupts only
0 = Disables all interrupts

If IPEN =0:
1 = Enables all unmasked interrupts and cleared by hardware for all interrupts
0 = Disables all interrupts

PEIE/GIEL: Peripheral Interrupt Enable bit

If IPEN = 1:
1 = Enables all low-priority interrupts and cleared by hardware for low-priority interrupts only
0 = Disables all low-priority interrupts

If IPEN =0:
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts

Unimplemented: Read as ‘0’

INT2EDG: External Interrupt 2 Edge Select bit

1 = Interrupt on rising edge of INT2 pin

0 = Interrupt on falling edge of INT2 pin

INT1EDG: External Interrupt 1 Edge Select bit

1 = Interrupt on rising edge of INT1 pin

0 = Interrupt on falling edge of INT1 pin

INTOEDG: External Interrupt 0 Edge Select bit

1 = Interrupt on rising edge of INTO pin

0 = Interrupt on falling edge of INTO pin

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.
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REGISTER 17-3: PPSLOCK: PPS LOCK REGISTER

U-0 U-0 U-0 u-0 U-0 u-0 U-0 R/W-0/0
— — — — — — — PPSLOCKED
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-1 Unimplemented: Read as ‘0’
bit 0 PPSLOCKED: PPS Locked bit
1 =PPSis locked. PPS selections can not be changed.
0 =PPS is not locked. PPS selections can be changed.
TABLE 17-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE PPS MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page
PPSLOCK — — — — — — — PPSLOCKED 219
INTOPPS — — — INTOPPS<4:0> 216
INT1PPS — — J— INT1PPS<4:0> 216
INT2PPS — — — INT2PPS<4:0> 216
TOCKIPPS — — — TOCKIPPS<4:0> 216
T1CKIPPS — — — T1CKIPPS<4:0> 216
T1GPPS — — — T1GPPS<4:0> 216
T3CKIPPS — — — T3CKIPPS<4:0> 216
T3GPPS — — — T3GPPS<4:0> 216
T5CKIPPS — — — T5CKIPPS<4:0> 216
T5GPPS — — — T5GPPS<4:0> 216
T2INPPS — — J— T2INPPS<4:0> 216
T4INPPS — — — T4INPPS<4:0> 216
T6INPPS — — — TBINPPS<4:0> 216
CCP1PPS — — — CCP1PPS<4:0> 216
CCP2PPS — — — CCP2PPS<4:0> 216
CWG1PPS — — — CWG1PPS<4:0> 216
MDCARLPPS — — — MDCARLPPS<4:0> 216
MDCARHPPS — — — MDCARHPPS<4:0> 216
MDSRCPPS — — — MDSRCPPS<4:0> 216
ADACTPPS — — — ADACTPPS<4:0> 216
SSP1CLKPPS — — — SSP1CLKPPS<4:0> 216
SSP1DATPPS — — — SSP1DATPPS<4:0> 216
SSP1SSPPS — — — SSP1SSPPS<4:0> 216
RX1PPS — — — RX1PPS<4:0> 218
TX1PPS — — — TX1PPS<4:0> 216
SSP2CLKPPS — — — SSP2CLKPPS<4:0> 216
SSP2DATPPS — — — SSP2DATPPS<4:0> 216
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TABLE 20-1: TIMER2 OPERATING MODES
MODE<4:0> Timer Control
Mode OOUtptgt Operation
<4:3> | <2:0> | Yperation Start Reset Stop
000 Software gate (Figure 20-4) ON=1 — ON=0
. Hardware gate, active-high ON =1 and — ON=0or
001 ':,irl';): (Figure 20-5) TMRx_ers = 1 TMRx_ers = 0
. ON =1 and — ON =0 or
010 Hardware gate, active-low TMRx_ers = 0 TMRx_ers = 1
Free 011 Rising or falling edge Reset TMRXx_ers 1
Running 00 — -
Period 100 Period Rising edge Reset (Figure 20-6) TMRx_ers 1 ON=0
101 Pulse Falling edge Reset TMRx_ers |
with ON=1 ON=0or
110 | Hardware Low level Reset TMRx_ers =0 TMRx_ers = 0
Reset High level Reset (Figure 20-7 ON=0
111 igh level Reset (Figure 20-7) TMRx ers = 1 =0or
- TMRx_ers =1
000 One-shot Software start (Figure 20-8) ON=1 —
001 Rising edge start (Figure 20-9) ON =1 and —
Edge TMRx_ers 1
triggered . ON =1 and .
010 start Falling edge start TMRx_ers |
(Note 1) ON =1 and ON=0
011 Any edge start TMRx_ers | — or
One-shot 01 Risi d tart and ON =1 and Next clock
100 Ed Risi Izmg; getSFa' . 20-10 TMR_ e TMRx_ers 1 after
y ge . ising edge Reset (Figure 20-10) x_ers 1 TMRx = PRx
riggere Falling edge start and ON=1and (Note 2)
101 sta(rjt Falling edge Reset TMRx_ers | TMRx_ers |
an
Rising edge start and ON =1 and
hardware =
110 Reset Low level Reset (Figure 20-11) TMRx_ers 1 TMRx_ers =0
(Note 1) Falling edge start and ON =1 and _
111 High level Reset TMRx_ers | TMRx_ers =1
000 Reserved
001 Risi.ng edge start ON =1 and - ON=0
Edge (Figure 20-12) TMRx_ers 1 or
Mono-stable triggered . ON =1 and Next clock
010 start Falling edge start TMRx_ers | — after
(Note 1) ON =1 and TMRx = PRx
011 Any edge start TMRX_ers — (Note 3)
Reserved 10 100 Reserved
Reserved 101 Reserved
Level High level start and ON =1 and _
110 triggered Low level Reset (Figure 20-13) TMRx_ers =1 TMRx_ers =0 ON =0 or
One-shot itr?: Low lovel start & ON = 1 ang Held in Reset
ow level sta =1an
= Note 2
1 hardware High level Reset TMRx_ers =0 TMRx_grs =1 ( )
Reset
Reserved 11 XXX Reserved
Note 1: If ON =0 then an edge is required to restart the timer after ON = 1.

2: When TMRx = PRx then the next clock clears ON and stops TMRx at 00h.
3:  When TMRx = PRXx then the next clock stops TMRx at 00h but does not clear ON.
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TABLE 22-4: SUMMARY OF REGISTERS ASSOCIATED WITH PWM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Redister
on Page

CCPTMRS P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0> 286
PWM3CON EN | — ouT POL — — — — 285
PWM3DCH DC<7:0> 287
PWM3DCL DC<9:8>> — — — — — — 287
PWM4CON EN | — ouT POL — — — — 285
PWM4DCH DC<7:0> 287
PWM4DCL DC<9:8> — — — — — — 287
INTCON GIE/GIEH | PEIE/GIEL IPEN — — INT2EDG | INT1EDG | INTOEDG 170
PIE4 — — TMR6IE TMRS5IE TMR4IE TMR3IE TMR2IE TMR1IE 183
PIR4 — — TMR6IF TMRS5IF TMRA4IF TMR3IF TMR2IF TMR1IF 175
IPR4 — — TMR6IP TMRS5IP TMRA4IP TMR3IP TMR2IP TMR1IP 191
RxyPPS — — — RxyPPS<4:0> 218
TMR2 TMR2<7:0> 244*
PR2 PR2<7:0> 244*
T2CON T20N T2CKPS<2:0> T20UTPS<3:0> 262
T2HLT T2PSYNC | T2CPOL | T2CSYNC T2MODE<4:0> 263
T2CLKCON — — — — T2CS<3:0> 264
T2RST — — — — T2RSEL<3:0> 265
PMD3 — — — — PWM4MD | PWM3MD | CCP2MD | CCP1MD 71
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the PWM.

*

Not a physical location.
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24.7 Rising Edge and Reverse Dead
Band

In Half-Bridge mode, the rising edge dead band delays
the turn-on of the CWG1A output after the rising edge
of the CWG data input. In Full-Bridge mode, the
reverse dead-band delay is only inserted when
changing directions from Forward mode to Reverse
mode, and only the modulated output CWG1B is
affected.

The CWG1DBR register determines the duration of the
dead-band interval on the rising edge of the input
source signal. This duration is from 0 to 64 periods of
the CWG clock.

Dead band is always initiated on the edge of the input
source signal. A count of zero indicates that no dead
band is present.

If the input source signal reverses polarity before the
dead-band count is completed, then no signal will be
seen on the respective output.

The CWG1DBR register value is double-buffered.
When EN = 0 (Register 24-1), the buffer is loaded
when CWG1DBR is written. If EN = 1, then the buffer
will be loaded at the rising edge following the first falling
edge of the data input, after the LD bit (Register 24-1)
is set. Refer to Figure 24-12 for an example.

24.8 Falling Edge and Forward Dead
Band

In Half-Bridge mode, the falling edge dead band delays
the turn-on of the CWG1B output at the falling edge of
the CWG data input. In Full-Bridge mode, the forward
dead-band delay is only inserted when changing direc-
tions from Reverse mode to Forward mode, and only
the modulated output CWG1D is affected.

The CWG1DBEF register determines the duration of the
dead-band interval on the falling edge of the input
source signal. This duration is from zero to 64 periods
of CWG clock.

Dead-band delay is always initiated on the edge of the
input source signal. A count of zero indicates that no
dead band is present.

If the input source signal reverses polarity before the
dead-band count is completed, then no signal will be
seen on the respective output.

The CWG1DBF register value is double-buffered.
When EN = 0 (Register 24-1), the buffer is loaded
when CWG1DBF is written. If EN = 1, then the buffer
will be loaded at the rising edge following the first
falling edge of the data input after the LD (Register 24-
1) is set. Refer to Figure 24-13 for an example.
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26.6 12C Mode Overview

The Inter-Integrated Circuit (IZC) bus is a multi-master
serial data communication bus. Devices communicate
in a master/slave environment where the master
devices initiate the communication. A slave device is

controlled through addressing. Figure 26-9 is a block
diagram of the 12C interface module in Master mode.
Figure 26-10 is a diagram of the 12C interface module
in Slave mode.

FIGURE 26-9: MSSP BLOCK DIAGRAM (1>C MASTER MODE)

SSPxDATPPS()

SDA

:> Internal
data bus [SSPM<3:0>]
Write |

Read

SSPxBUF | Baud Rate

Generator
(SSPxADD

A

‘ ’ Shift

-

Clock >
<—| SSPSR ( ':
MSb LSb
(1 N

Clock Cntl

Generate (SSPxCON2)

Start bit, Stop bit,
Acknowledge

:

SCL

Clock arbitrate/BCOL detect
(Hold off clock source)

o

SCLin

.

LA

Bus Collision

Write collision detect 3 Set/Reset: S, P, SSPxSTAT, WCOL, SSPOV

Address Match detect

Start bit detect, -
Stop bit detect

Clock arbitration Reset SEN, PEN (SSPxCON2)
State counter for Set SSP1IF, BCL1IF
end of XMIT/RCV

Note 1: SDA pin selections must be the same for input and output
2: SCL pin selections must be the same for input and output
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After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCL until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
release the SDA pin, allowing the slave to respond with
an Acknowledge. On the falling edge of the ninth clock,
the master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT Status bit of the SSPxCON2
register. Following the falling edge of the ninth clock
transmission of the address, the SSPxIF is set, the BF
flag is cleared and the Baud Rate Generator is turned
off until another write to the SSPxBUF takes place,
holding SCL low and allowing SDA to float.

26.10.6.1 BF Status Flag

In Transmit mode, the BF bit of the SSPxSTAT register
is set when the CPU writes to SSPxBUF and is cleared
when all eight bits are shifted out.

26.10.6.2 WCOL Status Flag

If the user writes the SSPxBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur).

The WCOL bit must be cleared by software before the
next transmission.

26.10.6.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit of the SSPxCON2
register is cleared when the slave has sent an Acknowl-
edge (ACK =0) and is set when the slave does not
Acknowledge (ACK =1). A slave sends an Acknowl-
edge when it has recognized its address (including a
general call), or when the slave has properly received
its data.

26.10.6.4 Typical transmit sequence:

1. The user generates a Start condition by setting
the SEN bit of the SSPxCONZ2 register.

2. SSPxIF is set by hardware on completion of the
Start.

3. SSPxIF is cleared by software.

4. The MSSP module will wait the required start
time before any other operation takes place.

5. The user loads the SSPxBUF with the slave
address to transmit.

6. Address is shifted out the SDA pin until all eight
bits are transmitted. Transmission begins as
soon as SSPxBUF is written to.

7. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

8. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSPxIF bit.

9. The user loads the SSPxBUF with eight bits of

data.

10. Data is shifted out the SDA pin until all eight bits
are transmitted.

11. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by setting the PEN or RSEN bits of the
SSPxCONZ2 register. Interrupt is generated once
the Stop/Restart condition is complete.
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ADDWFC ADD W and CARRY bit to f
Syntax: ADDWFC  f{d{.a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (W) + (f) + (C) - dest
Status Affected: N,0V, C,DC, Z
Encoding: | 0010 | ooda | ffff [ frff |
Description: Add W, the CARRY flag and data mem-
ory location ‘f’. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed in 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 Sec-
tion 35.2.3 “Byte-Oriented and Bit-
Oriented Instructions in Indexed Lit-
eral Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example: ADDWFC REG 0, 1
Before Instruction
CARRY bit= 1
REG = 02h
w = 4Dh
After Instruction
CARRY bit= 0
REG = 02h
w = 50h

ANDLW AND literal with W

Syntax: ANDLW  k

Operands: 0<k<255

Operation: (W) .AND. k > W

Status Affected: N, Z

Encoding: ‘ 0000 | 1011 ‘ kkkk | kkkk ‘

Description: The contents of W are AND’ed with the
8-bit literal ‘k’. The result is placed in W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read literal Process Write to W
‘K’ Data

Example:

ANDLW 05Fh

Before Instruction

W

= A3h

After Instruction

W

= 03h
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GOTO Unconditional Branch INCF Increment f
Syntax: GOTO k Syntax: INCF f{d{a}}
Operands: 0 <k <1048575 Operands: 0<f<255
Operation: k — PC<20:1> del[01]
a e [0,1]
Status Affected: None )
Operation: (f) + 1 — dest
Encoding: Aff ) DC N. OV 7
1st word (k<7:0>) 1110 | 1111 | kykkk | kkkkg Status Affected: C.DC, N, OV,
2nd word(k<19:8>) | 1111 | kjokkk | kkkk | kkkkg Encoding: | 0010 | 10da | ffff | ffff |
Description: GOTOallows an unconditional branch Description: The contents of register f are
anywhere within entire incremented. If ‘'d’ is ‘0, the result is
2-Mbyte memory range. The 20-bit placed in W. If ‘d’ is ‘1’, the result is
value ‘k’ is loaded into PC<20:1>. placed back in register ‘' (default).
GOT Ois always a 2-cycle If ‘a’ is ‘0", the Access Bank is selected.
instruction. If ‘@’ is '1’, the BSR is used to select the
Words: 2 GPB_ ban’k. ) )
If ‘a’ is ‘0’ and the extended instruction
Cycles: 2 set is enabled, this instruction operates
Q Cycle Activity: in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See Sec-
Qt QZ_ Qs Q‘.t tion 35.2.3 “Byte-Oriented and Bit-
Decode | Read literal No Read literal Oriented Instructions in Indexed Lit-
k'<7:0>, operation k'<19:8>, eral Offset Mode” for details.
Write to PC .
No No No No Words: !
operation | operation | operation | operation Cycles: 1
Q Cycle Activity:
Example: GOTO THERE Q1 Q2 Q3 Q4
After Instruction Decode Read Process Write to
PC = Address ( THERE) register ‘f Data destination
Example: I NCF CNT, 1, O
Before Instruction
CNT = FFh
z = 0
Cc = 7
DC = 7
After Instruction
CNT = 00h
z = 1
C = 1
DC = 1
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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 <f3 <4095 Operands: 0<k<255
0<fy<4095 Operation: k -» BSR
Operation: (fs) = Tq 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 s’ are regardless of the value of k7:ky.
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 a1 Q2 Q3 Q4
FFFh. —
Either source or destination can be W Decode . Rea(? 7 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: MOVLB 5
peripheral register (such as the transmit Before Instruction
buffer or an 1/0 port). BSR Register =  02h
The MOVFF instruction cannot use the After Inst ?g's er =
PCL, TOSU, TOSH or TOSL as the erB”;{“Ig on o5h
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
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TSTFSZ Test f, skip if 0 XORLW Exclusive OR literal with W
Syntax: TSTFSZ f{,a Syntax: XORLW k
Y| Y|
Operands: 0<f<255 Operands: 0<k<255
a<[01] Operation: (W) XOR. k »>W
Operation: skipiff=0 Status Affected: N, Z
Status Affected:  None Encoding: [ 0000 [ 1010 [ kkkk | kkkk |
Encoding: ‘ 0110 | 0Olla | fiff ‘ frff ‘ Description: The contents of W are XORed with
Description: If f = 0, the next instruction fetched the 8-bit literal ‘k’. The result is placed
during the current instruction execution in W.
is discarded and a NOP is executed, Words: 1
making this a 2-cycle instruction. '
If ‘a’ is ‘0’, the Access Bank is selected. Cycles: 1
If ‘a’is '1’, the BSR is used to select the Q Cycle Activity:
GPR bank.
If ‘a’ is ‘0’ and the extended instruction Q1 Q2 Q3 'Q4
set is enabled, this instruction operates Decode 'Read Process | Write to W
in Indexed Literal Offset Addressing literal 'k Data
mode whenever f <95 (5Fh). See Sec-
tion 35.2.3 “Byte-Oriented and Bit- Example: XORLW  OAFh
Oriented Instructions in Indexed Lit- .
eral Offset Mode” for details. Before Instruction
Words: 1 w = Bbh
After Instruction
Cycles: 1(2) W - 1Ah

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT, 1
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 00h,
PC = Address (ZERO
If CNT # ,
PC = Address ( NZERO)
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SUBFSR Subtract Literal from FSR SUBULNK  Subtract Literal from FSR2 and Return
Syntax: SUBFSR f, k Syntax: SUBULNK k
Operands: 0<k<63 Operands: 0<k<63
fel[0,1,2] Operation: FSR2 —k — FSR2
Operation: FSR(f) — k - FSRf (TOS) » PC
Status Affected: None Status Affected: None
Encoding: |1110 [1001 [ffkk |[kkkk | Encoding: | 1110 | 1001 [ 1ikk | kkkk
Description: The 6-bit literal 'k’ is subtracted from Description: The 6-bit literal 'k’ is subtracted from the
the contents of the FSR specified by contents of the FSR2. A RETURN is then
‘f. executed by loading the PC with the TOS.
Words: 1 The instruction takes two cycles to
Cycles: 1 execute; a NOP is performed during the
. second cycle.
Q Cycle Activity: This may be thought of as a special case of
Q1 Q2 Q3 Q4 the SUBFSR instruction, where f = 3 (binary
Decode Read Process Write to ‘11’); it operates only on FSR2.
register ‘f’ Data destination Words: 1
Cycles: 2
Example: SUBFSR 2, 23h Q Cycle Activity:
Before Instruction Q1 Q2 Q3 Q4
FSR2 = 03FFh Decode Read Process Write to
After Instruction register ‘f’ Data destination
FSR2 = 03DCh No No No No
Operation Operation Operation Operation
Example: SUBULNK 23h
Before Instruction
FSR2 = 03FFh
PC = 0100h
After Instruction
FSR2 = 03DCh
PC = (TOS)
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44-L ead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN or VQFN]

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

Dimension Limits|  MIN | NOM | MAX
Number of Pins N 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 625 | 645 | 6.60
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.25 6.45 6.60
Terminal Width b 0.20 0.30 0.35
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed-Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-103D Sheet 2 of 2
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APPENDIX B: DEVICE

DIFFERENCES

The differences between the devices listed in this data

sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES
Features() PIC18(L)F26K40 PIC18(L)F45K40 PIC18(L)F46K40
Program Memory (Bytes) 65536 32768 65536
SRAM (Bytes) 3720 2048 3720
EEPROM (Bytes) 1024 256 1024
Interrupt Sources 36 36 36
1/0 Ports Ports A, B, C, (E) Ports A,B, C,D, E Ports A, B, C, D, E
Capture/Compare/PWM Modules 2 2 2
(CCP)
10-bit Analog-to-Digital Module 4 internal 4 internal 4 internal
24 external 35 external 35 external
Packages 28-pin SPDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 40-pin UQFN 40-pin UQFN
28-pin SSOP 44-pin TQFP 44-pin TQFP
28-pin QFN 44-pin QFN 44-pin QFN
28-pin UQFN

Note 1: PIC18F2x/4xK40: operating voltage, 2.3V-5.5V. PIC18LF2x/4xK40: operating voltage, 1.8V-3.6V.
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