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computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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6.4

The program memory is addressed in bytes. Instructions
are stored as two bytes or four bytes in program memory.
The Least Significant Byte of an instruction word is
always stored in a program memory location with an
even address (LSB = 0). Figure 6-5 shows an example of
how instruction words are stored in the program memory.
To maintain alignment with instruction boundaries, the
PC increments in steps of 2 and the LSB will always read
‘0.

The CALL and GOTO instructions have the absolute
program memory address embedded into the instruction.
Since instructions are always stored on word boundaries,
the data contained in the instruction is a word address.
The word address is written to PC<20:1>, which
accesses the desired byte address in program memory.
Instruction 2 in Figure 6-5 shows how the instruction,
‘GOTO 000006h’, is encoded in the program memory.
Program branch instructions, which encode a relative
address offset, operate in the same manner. The offset
value stored in a branch instruction represents the num-
ber of single-word instructions that the PC will be offset
by. Section 24.0 “Instruction Set Summary” provides
further details of the instruction set.

Instructions in Program Memory

6.4.1 TWO-WORD INSTRUCTIONS

The standard PIC18 instruction set has four two-word
instructions: CALL, MOVFF, GOTO and LSFR. In all
cases, the second word of the instructions always has
11171’ as its four Most Significant bits; the other 12 bits
are literal data, usually a data memory address.

The use of ‘1111’ in the four MSbs of an instruction
specifies a special form of NOP. If the instruction is exe-
cuted in proper sequence, immediately after the first
word, the data in the second word is accessed and
used by the instruction sequence. If the first word is
skipped for some reason and the second word is
executed by itself, a NOP is executed instead. This is
necessary for cases when the two-word instruction is
preceded by a conditional instruction that changes the
PC. Example 6-4 shows how this works.

Note: For information on two-word instructions
in the extended instruction set, see

Section 24.2 “Instruction Set”.

FIGURE 6-5: INSTRUCTIONS IN PROGRAM MEMORY
Word Address
LSB=1 LSB=0
Program Memory 000000h
Byte Locations —» 000002h
000004h
000006h
Instruction 1:  MOVLW 055h OFh 55h 000008h
Instruction 2: GOTO 000006h EFh 03h 00000AR
FOh 00h 00000Ch
Instruction 3:  MOVFF 123h, 456h C1h 23h 00000Eh
F4h 56h 000010h
000012h
000014h
EXAMPLE 6-4: TWO-WORD INSTRUCTIONS
CASE 1:
Object Code Source Code
0110 0110 0000 0000 | TSTFSz REGL ; is RAM Il ocation 0?
1100 0001 0010 0011 | MOVFF REGL, REGR ; No, skip this word
1111 0100 0101 0110 : Execute this word as a NOP
0010 0100 0000 0000 | ADDWF REG3 ; continue code
CASE 2:
Object Code Source Code
0110 0110 0000 0000 | TSTFSZ REGL ; is RAM | ocation 0?
1100 0001 0010 0011 | MOVFF REGL, REG ; Yes, execute this word
1111 0100 0101 0110 : 2nd word of instruction
0010 0100 0000 0000 | ADDW REG3 ; continue code
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6.6 STATUS Register

The STATUS register, shown in Register 6-2, contains
the arithmetic status of the ALU. The STATUS register
can be the operand for any instruction, as with any
other register. If the STATUS register is the destination

It is recommended, therefore, that only BCF, BSF,
SWAPF, MOVFF and MOWAF instructions are used to
alter the STATUS register, because these instructions
do not affect the Z, C, DC, OV or N bits in the STATUS
register. For other instructions not affecting any Status
bits, see Table 24-2.

for an instruction that affects the Z, DC, C, OV or N bits,

then the write to these five bits is disabled. These bits Note:
are set or cleared according to the device logic. There-

The C and DC bits operate as a Borrow
and Digit Borrow bit respectively, in

fore, the result of an instruction with the STATUS subtraction.

register as destination may be different than intended.

For example, CLRF STATUS will clear the upper three

bits and set the Z bit. This leaves the STATUS register

as 000u uluu (where u = unchanged).

REGISTER 6-2: STATUS REGISTER
U-0 U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N ov z pc® c@

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’ = Bitis cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’

bit 4 N: Negative bit

This bit is used for signed arithmetic (2's complement). It indicates whether the result was negative

(ALU MSB = 1).
1 = Result was negative
0 = Result was positive

bit 3 QV: Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the 7-bit magnitude

which causes the sign bit (bit 7) to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Borrow bit(!)
For ADDWF, ADDLW SUBLWand SUBWF instructions:
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit 0 C: Carry/Borrow bit®
For ADDWF, ADDLW SUBLWand SUBWF instructions:

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the 2’'s complement of the second
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either bit 4 or bit 3 of the source register.
2:  For Borrow, the polarity is reversed. A subtraction is executed by adding the 2's complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low-order bit

of the source register.
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REGISTER 7-1: EECON1: EEPROM CONTROL REGISTER 1

R/W-x R/W-x U-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — | FReEE [ wrerr® | WREN WR RD
bit 7 bit 0
Legend: S = Settable bit (cannot be cleared in software)
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 EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by TBLPTR on the next WR command (cleared by
completion of erase operation)
0 = Perform write only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit(})
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation, or an improper write attempt)
0 = The write operation completed
bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete
bit 0 RD: Read Control bit
1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit can only
be set (not cleared) in software. RD bit cannot be set when EEPGD =1 or CFGS =1.)
0 = Does not initiate an EEPROM read

Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the error
condition.
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TABLE 7-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values on

page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 54
EEADR EEPROM Address Register 56
EEDATA |EEPROM Data Register 56
EECON2 |EEPROM Control Register 2 (not a physical register) 56
EECONT1 EEPGD CFGS — FREE | WRERR | WREN WR RD 56
IPR2 OSCFIP — — EEIP — LvDIP — CCP2IP 57
PIR2 OSCFIF — — EEIF — LVDIF — CCP2IF 57
PIE2 OSCFIE — — EEIE — LVDIE — CCP2IE 57
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.

© 2010 Microchip Technology Inc.
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REGISTER 10-6: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3

uU-0 uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — PTIF | IC3DRIF | IC2QEIF | IC1IF TMR5IF
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 7-5 Unimplemented: Read as ‘0’
bit 4 PTIF: PWM Time Base Interrupt bit
1 = PWM time base matched the value in the PTPER registers. Interrupt is issued according to the
postscaler settings. PTIF must be cleared in software.
0 = PWM time base has not matched the value in the PTPER registers
bit 3 IC3DRIF: IC3 Interrupt Flag/Direction Change Interrupt Flag bit
IC3 Enabled (CAP3CON<3:0>):
1 = TMRS5 value was captured by the active edge on CAP3 input (must be cleared in software)
0 = TMR5 capture has not occurred
QEI Enabled (QEIM<2:0>):
1 = Direction of rotation has changed (must be cleared in software)
0 = Direction of rotation has not changed
bit 2 IC2QEIF: IC2 Interrupt Flag/QEI Interrupt Flag bit
IC2 Enabled (CAP2CON<3:0>):
1 = TMRS5 value was captured by the active edge on CAP2 input (must be cleared in software)
0 = TMR5 capture has not occurred
QEI Enabled (QEIM<2:0>):
1 = The QEI position counter has reached the MAXCNT value, or the index pulse, INDX, has been
detected. Depends on the QEI operating mode enabled. Must be cleared in software.
0 = The QEI position counter has not reached the MAXCNT value or the index pulse has not been
detected
bit 1 IC1 Enabled (CAP1CON<3:0>):
1 = TMRS5 value was captured by the active edge on CAP1 input (must be cleared in software)
0 = TMR5 capture has not occurred
QEI Enabled (QEIM<2:0>), Velocity Measurement Mode Enabled (VELM = 0 in QEICON register):
1 = Timer5 value was captured by the active velocity edge (based on PHA or PHB input). CAP1REN
bit must be set in CAP1CON register. IC1IF must be cleared in software.
0 = Timer5 value was not captured by the active velocity edge
bit 0 TMRS5IF: Timer5 Interrupt Flag bit

1 = Timer5 time base matched the PR5 value (must be cleared in software)
0 = Timer5 time base did not match the PR5 value
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11.3 PORTC, TRISC and LATC
Registers

PORTC is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e.,
put the contents of the output latch on the selected pin).

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

PORTC is multiplexed with several peripheral functions
(Table 11-5). The pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,
while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for the correct TRIS bit settings.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

External interrupts, INO, INT1 and INT2, are placed on
RC3, RC4 and RC5 pins, respectively.

SSP alternate interface pins, SDI/SDA, SCK/SCL and
SDO are placed on RC4, RC5 and RC7 pins,
respectively.

These pins are multiplexed on PORTC and PORTD by
using the SSPMX bit in the CONFIG3L register.

EUSART pins RX/DT and TX/CK are placed on RC7
and RC6 pins, respectively.

The alternate Timer5 external clock input, T5CKI, and
the alternate TMRO external clock input, TOCKI, are
placed on RC3 and are multiplexed with the PORTD
(RDO) pin using the EXCLKMX Configuration bit in
CONFIG3H. Fault inputs to the 14-bit PWM module,
FLTA and FLTB, are located on RC1 and RC2. FLTA
input on RC1 is multiplexed with RD4 using the
FLTAMX bit.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 11-3:
CLRF  PORTC

INITIALIZING PORTC

; Initialize PORTC by
; clearing output

; data |l atches
; Alternate nethod

CLRF LATC
; to clear output
; data |l atches
MOVLW  OxCF ; Value used to

; initialize data

; direction

; Set RC<3:0> as inputs
; RC<5:4> as outputs

; RC<7:6> as inputs

MOVWWF  TRI SC

© 2010 Microchip Technology Inc.
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NOTES:
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17.1 Input Capture

The Input Capture (IC) submodule implements the

following features:

» Three channels of independent input capture
(16-bits/channel) on the CAP1, CAP2 and CAP3

pins

« Edge-Trigger, Period or Pulse-Width
Measurement Operating modes for each channel

* Programmable prescaler on every input capture

channel

» Special Event Trigger output (IC1 only)
» Selectable noise filters on each capture input

Input Channel 1 (IC1) includes a Special Event
Trigger that can be configured for use in Velocity
Measurement mode. Its block diagram is shown in
Figure 17-2. IC2 and IC3 are similar, but lack the
Special Event Trigger features or additional velocity
measurement logic. A representative block diagram is
shown in Figure 17-3. Please note that the time base
is Timer5.

FIGURE 17-2: INPUT CAPTURE BLOCK DIAGRAM FOR IC1
CAP1 Pin
| | Noise | |Prescaler| | ,2M T Clock
Filter 1.4,16 i Mode. CAP1BUFNVELR®  |&=——
4
FLTCK<2:0> CAP1M<3:0> Q Clocks IC1IF I
Reset
—>» IC1_TR | TMR5 }47
Special Eeset |
» Event Trigger ontro|
N glockt; T Resar Timer5 Logic y
ese
MUX Interrupt CAP1BUF_clk
0 Decode First Event
Logic -
Reset ) Timer Timer5 Reset
velcap®  VELM Reset
T T » Control
L4

Q Clocks  CAP1M<3:0>

Note 1: CAP1BUF register is reconfigured as VELR register when QEI mode is active.
2: QEl generated velocity pulses, vel_out, are downsampled to produce this velocity capture signal.

CAPXREN ——P

© 2010 Microchip Technology Inc.
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FIGURE 17-3: INPUT CAPTURE BLOCK DIAGRAM FOR IC2 AND IC3
Capture
Clock
, CAPxBUF(1:23) <
CAP2/3 Pin
Noise Prescaler and
|| Fiter [ ] 1,416 [ ] jéﬂe?ggt TMR5 Y
Enable
4 TMR5 |«
FLTCK<2:0> CAP1M<3:0>1) Q Clocks
L p ICXIF®
Capture Clock/ CAPXBUF_clk®
> Reset/
Interrupt
Deche TMR5 Reset
Logic Reset Timer ese
» Reset

T T Control

QClocks CAPxM<3:0>(1)

CAPXREN®

Note 1: IC2 and IC3 are denoted as x = 2 and 3.
2: CAP2BUF is enabled as POSCNT when QEI mode is active.
3: CAP3BUF is enabled as MAXCNT when QEI mode is active.
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17.2

The Quadrature Encoder Interface (QEIl) decodes
speed and motion sensor information. It can be used in
any application that uses a quadrature encoder for
feedback. The interface implements these features:

Quadrature Encoder Interface

» Three QEl inputs: two phase signals (QEA and
QEB) and one index signal (INDX)

« Direction of movement detection with a direction
change interrupt (IC3DRIF)

* 16-bit up/down position counter

» Standard and High-Precision Position Tracking
modes

» Two Position Update modes (x2 and x4)

* Velocity measurement with a programmable
postscaler for high-speed velocity measurement

» Position counter interrupt (IC2QEIF in the PIR3
register)

» Velocity control interrupt (IC1IF in the PIR3
register)

The QEI submodule has three main components: the
QEI control logic block, the position counter and
velocity postscaler.

The QEI control logic detects the leading edge on the
QEA or QEB phase input pins and generates the count
pulse, which is sent to the position counter logic. It also
samples the index input signal (INDX) and generates
the direction of the rotation signal (up/down) and the
velocity event signals.

The position counter acts as an integrator for tracking
distance traveled. The QEA and QEB input edges
serve as the stimulus to create the input clock which
advances the Position Counter register (POSCNT).
The register is incremented on either the QEA input
edge, or the QEA and QEB input edges, depending on
the operating mode. It is reset either by a rollover on
match to the Period register, MAXCNT, or on the
external index pulse input signal (INDX). An interrupt is
generated on a Reset of POSCNT if the position
counter interrupt is enabled.

The velocity postscaler down samples the velocity
pulses used to increment the velocity counter by a
specified ratio. It essentially divides down the number
of velocity pulses to one output per so many inputs,
preserving the pulse width in the process.

A simplified block-diagram of the QEI module is shown
in Figure 17-8.

FIGURE 17-8: QEI BLOCK DIAGRAM
2]
T T - S
@
I QEI Module ! =
| -
| Direction Change —— Set CHGIF Reset Timer5
! Timer Reset p!
| Velocity Capture
| |
| Velocity Event P Postscaler P | 8, >
| )l | 7
! Set UP/DOWN
| >
| |
| oot |
Filter —>l QEB Direction < L8
QEA Clock g CAP2BUF/POSCNT < | 7 P
CAP3/QEB | Reset on Match
L INDX U i
Filter | Comparator —p!
: Set IC2QEIF
CAP2/QEA | 1 |
| 1 8 L
CAP3BUF/MAXCNT 7 P
| |
- | QEI |
™ Filter | CLoongtirgl Position Counter |
CAP1/INDX | :
! T ! 8/ 'Y
| T 7 »
8 L 'Y
7 L

© 2010 Microchip Technology Inc.
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NOTES:
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REGISTER 18-3: PWMCONO: PWM CONTROL REGISTER 0

u-0 R/W-1D R/W-1(D) R/W-11) R/W-0 R/W-0 R/W-0 R/W-0
— PWMEN2 PWMEN1 PWMENO PMOD3® PMOD2 PMOD1 PMODO
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 Unimplemented: Read as ‘0’
bit 6-4 PWMEN<2:0>: PWM Module Enable bits(?)

111 = All odd PWM I/O pins are enabled for PWM output(z)

110 = PWM1, PWMB3 pins are enabled for PWM output

101 = All PWM I/O pins are enabled for PWM output(®)

100 = PWMO, PWM1, PWM2, PWM3, PWM4 and PWMS5 pins are enabled for PWM output

011 = PWMO, PWM1, PWM2 and PWM3 I/O pins are enabled for PWM output

010 = PWMO and PWM1 pins are enabled for PWM output

001 = PWM1 pin is enabled for PWM output

000 = PWM module is disabled; all PWM I/O pins are general purpose 1/O
bit 3-0 PMOD<3:0>: PWM Output Pair Mode bits

For PMODO:

1= PWM I/O pin pair (PWMO0, PWM1) is in the Independent mode

0 = PWM I/O pin pair (PWMO, PWM?1) is in the Complementary mode

For PMOD1:

1= PWM I/O pin pair (PWM2, PWM3) is in the Independent mode

0 = PWM I/O pin pair (PWM2, PWM3) is in the Complementary mode

For PMOD2:

1= PWM I/O pin pair (PWM4, PWM5) is in the Independent mode

0 = PWM I/O pin pair (PWM4, PWM5) is in the Complementary mode

For PMOD3:®

1= PWM I/O pin pair (PWM6, PWM7) is in the Independent mode

0 = PWM I/O pin pair (PWM6, PWM?7) is in the Complementary mode

Note 1: Reset condition of the PWMEN bits depends on the PWMPIN Configuration bit.
2. When PWMEN<2:0> = 101, PWM<5:0> outputs are enabled for PIC18F2331/2431 devices; PWM<7:0>
outputs are enabled for PIC18F4331/4431 devices.
When PWMEN<2:0> =111, PWM Outputs 1, 3 and 5 are enabled in PIC18F2331/2431 devices; PWM
Outputs 1, 3, 5 and 7 are enabled in PIC18F4331/4431 devices.

3:  Unimplemented in PIC18F2331/2431 devices; maintain these bits clear.
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REGISTER 19-1: SSPSTAT: SYNCHRONOUS SERIAL PORT STATUS REGISTER

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P S R/W UA BF
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 SMP: Sample bit

SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.
bit 6 CKE: SPI Clock Edge Select bit (Figure 19-2, Figure 19-3 and Figure 19-4)
SPI mode, CKP = 0:
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
SPI mode, CKP = 1:
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK
I2C™ mode:
This bit must be maintained clear.
bit 5 D/A: Data/Address bit (I2C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit (I2C mode only)
This bit is cleared when the SSP module is disabled or when the Start bit is detected last; SSPEN is
cleared.
1 = Indicates that a Stop bit has been detected last (this bit is ‘0’ on Reset)
0 = Stop bit was not detected last
bit 3 S: Start bit (1°C mode only)
This bit is cleared when the SSP module is disabled or when the Stop bit is detected last; SSPEN is
cleared.
1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last
bit 2 R/W: Read/Write Information bit (1°C mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next Start bit, Stop bit or ACK bit.
1 = Read
0 = Write
bit 1 UA: Update Address bit (10-Bit 2C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
Receive (SPI and I°C modes):
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
Transmit (1°C mode only):
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty
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20.3.2 EUSART ASYNCHRONOUS

RECEIVER

The receiver block diagram is shown in Figure 20-5.
The data is received on the RC7/RX/DT/SDO pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter operating at x16 times
the baud rate, whereas the main receive serial shifter
operates at the bit rate or at Fosc. This mode would
typically be used in RS-232 systems.

To set up an Asynchronous Reception:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing

bit, SYNC, and setting bit, SPEN.

If interrupts are desired, set enable bit, RCIE.

If 9-bit reception is desired, set bit, RX9.

Enable the reception by setting bit, CREN.

Flag bit, RCIF, will be set when reception is com-

plete and an interrupt will be generated if enable

bit, RCIE, was set.

7. Read the RCSTA register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit, CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are

o ok~ w

SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

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

If interrupts are required, set the RCEN bit and
select the desired priority level with the RCIP bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.

Enable reception by setting the CREN bit.

The RCIF bit will be set when reception is com-

plete. The interrupt will be Acknowledged if the

RCIE and GIE bits are set.

8. Read the RCSTA register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREG to determine if the device is being
addressed.

10. If any error occurred, clear the CREN bit.

11. If the device has been addressed, clear the

ADDEN bit to allow all received data into the

receive buffer and interrupt the CPU.

20.3.3

w

No ok

set.
FIGURE 20-5: EUSART RECEIVE BLOCK DIAGRAM
CREN ‘ OERR ‘ FERR
XG4 Baud Rato CLK _ | T
' ' 64| T er T T T T Gep ban ST T T T T s
BRG16|—| SPBRGH | SPBRG ‘ R MSb RSR Register LSb
%o1r6 7 e 1|0 | Start
Baud Rate Generator <4
Pin Buffer Data
and Control Recovery
RC7/RX/DT/SDO RX9D RCREG Register
FIFO
SPEN
8
Interrupt RCIF Data Bus
RCIE
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To set up an Asynchronous Transmission: 5. Enable the transmission by setting bit, TXEN,

1. Initialize the SPBRG register for the appropriate which will also set bit, TXIF.

baud rate. If a high-speed baud rate is desired, 6. If 9-bit transmission is selected, the ninth bit

set bit, BRGH (see Section 20.2 “EUSART should be loaded in bit, TX9D.

Baud Rate Generator (BRG)"). 7. Load data to the TXREG register (starts
2. Enable the asynchronous serial port by clearing transmission).

bit, SYNC, and setting bit, SPEN. If using interrupts, ensure that the GIE and PEIE bits in
3. [Ifinterrupts are desired, set enable bit, TXIE. the INTCON register (INTCON<7:6>) are set.

4. If 9-bit transmission is desired, set transmit bit,
TX9. Can be used as address/data bit.

FIGURE 20-6: ASYNCHRONOUS RECEPTION
. Start — . , Start — /o Start :
RX (Pin) bit S Yoit7i8/ Stt)?tp\ bit 4 bito Y N Ybit7/8 Stop\_bit LSS X 7/87: Stop
Rego " o S J 55 | 55 :
Rev Buffer Reg 'T Word 1 Word 2 T
.| RCREG RCREG
Bertor g CC . CC C 11N
B : p) )J .
RCREG | I )
: (C C :
RCIF
(Interrupt Flag) C)C) : )) D) !
OERR bit C CQ C —
' ) D) )
CREN C C CCQ \)
P JJ JJ |
Note: This timing diagram shows three words appearing on the RX input. The RCREG (Receive Buffer) is read after
the third word, causing the OERR (Overrun) bit to be set.

TABLE 20-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO Rf)snetp\g:fs
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF 54
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 57
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 57
IPR1 — ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 57
RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D 56
RCREG EUSART Receive Register 56
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH | TRMT TX9D 56
BAUDCON — RCIDL — SCKP | BRG16 — WUE | ABDEN 56
SPBRGH |EUSART Baud Rate Generator Register High Byte 56
SPBRG EUSART Baud Rate Generator Register Low Byte 56
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for asynchronous reception.
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FIGURE 20-11: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT/SDO Pin X bit 0 >< bit 1 >< bit 2 g g >< bit 6 >< bit 7
RC6/TX/CK/SS Pin M %/—\
TXRI\E/\gitlgég j >/ >/
% 5
TXIF bit |_, )) ;
TRMT bit 4| (¢ |
2
TXEN bit ))

TABLE 20-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 R%Sftp\gg:es
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE TMROIF | INTOIF RBIF 54
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 57
PIE1 — ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE 57
IPR1 — ADIP RCIP TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP 57
RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR OERR RX9D 56
TXREG EUSART Transmit Register 56
TXSTA CSRC TX9 TXEN | SYNC | SENDB | BRGH TRMT TX9D 56
BAUDCON — RCIDL — SCKP | BRG16 — WUE ABDEN 56
SPBRGH |EUSART Baud Rate Generator Register High Byte 56
SPBRG EUSART Baud Rate Generator Register Low Byte 56
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
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21.1

The A/D Converter has two types of conversions, two
modes of operation and eight different Sequencing
modes. These features are controlled by the ACONV
bit (ADCONO0<5>), ACSCH bit (ADCONO0<4>) and
ACMOD<1:0> bits (ADCONO0<3:2>). In addition, the
A/D channels are divided into four groups as defined
in the ADCHS register. Table 21-1 shows the
sequence configurations as controlled by the ACSCH
and ACMOD<1:0> bits.

Configuring the A/D Converter

21.11 CONVERSION TYPE

Two types of conversions exist in the high-speed 10-bit
A/D Converter module that are selected using the
ACONYV bit. Single-Shot mode allows a single conversion
or sequence to be enabled when ACONV = 0. At the end
of the sequence, the GO/DONE bit will be automatically
cleared and the interrupt flag, ADIF, will be set. When
using Single-Shot mode and configured for
Simultaneous mode, STNM2, acquisition time must be
used to ensure proper conversion of the analog input
signals.

Continuous Loop mode allows the defined sequence to
be executed in a continuous loop when ACONV = 1. In
this mode, either the user can ftrigger the start of
conversion by setting the GO/DONE bit, or one of the
A/D triggers can start the conversion. The interrupt flag,
ADIF, is set based on the configuration of the bits,
ADRS<1:0> (ADCON3<7:6>). In Simultaneous modes,
STNM1 and STNM2 acquisition time must be config-
ured to ensure proper conversion of the analog input
signals.

21.1.2 CONVERSION MODE

The ACSCH bit (ADCONO0<4>) controls how many
channels are used in the configured sequence. When
clear, the A/D is configured for single channel conver-
sion and will convert the group selected by the
ACMOD<1:0> bits and the channel selected by the
GxSEL<1:0> bits (ADCHS register). When ACSCH =1,
the A/D is configured for multiple channel conversion
and the sequence is defined by ACMOD<1:0>.

TABLE 21-1: AUTO-CONVERSION SEQUENCE CONFIGURATIONS
Mode ACSCH | ACMOD<1:0> Description
Multi-Channel Sequential Mode 1 1 00 Groups A and B are sampled and converted
(SEQM1) sequentially.
Multi-Channel Sequential Mode 2 1 01 Groups A, B, C and D are sampled and converted
(SEQM2) sequentially.
Multi-Channel Simultaneous Mode 1 1 10 Groups A and B are sampled simultaneously and
(STNM1) converted sequentially.
Multi-Channel Simultaneous Mode 2 1 11 Groups A and B are sampled simultaneously, then
(STNM2) converted sequentially. Then, Group C and D are
sampled simultaneously, then converted
sequentially.
Single Channel Mode 1 (SCM1) 0 00 Group A is sampled and converted.
Single Channel Mode 2 (SCM2) 0 01 Group B is sampled and converted.
Single Channel Mode 3 (SCM3) 0 10 Group C is sampled and converted.
Single Channel Mode 4 (SCM4) 0 11 Group D is sampled and converted.
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TABLE 24-2: PIC18FXXXX INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 Olda ffff ffff |C,DC,Z OV,N [1,2
ADDWFC f,d,a |Add WREG and Carry bittof |1 0010 O00da ffff ffff |C,DC,Z OV,N |[1,2
ANDWF f,d,a |AND WREG with f 1 0001 0Olda ffff ffff |Z, N 1,2
CLRF f,a Clear f 1 0110 101a ffff ffff |Z 2
COMF f,d,a |[Complement f 1 0001 1ida ffff ffff |Z,N 1,2
CPFSEQ f,a Compare f with WREG, Skip = [1(20r3) | 0110 001a ffff ffff [None 4
CPFSGT f,a Compare f with WREG, Skip > [1(2o0r3)|0110 010a ffff ffff [None 4
CPFSLT f,a Compare f with WREG, Skip < [1(20r3) |0110 000a ffff ffff [None 1,2
DECF f,d,a |Decrement f 1 0000 Olda ffff ffff |C,DC,Z OV,N [1,2,3,4
DECFSzZ f,d,a |Decrementf, Skip if 0 1(20r3) | 0010 1lida ffff ffff [None 1,2,3,4
DCFSNzZ f,d,a |Decrement f, Skip if Not O 1(20r3) {0100 11da ffff ffff |None 1,2
INCF f,d,a |[Incrementf 1 0010 10da ffff ffff |C,DC,Z OV,N [1,2,3,4
INCFSZ f,d,a [Incrementf, Skipif 0 1(20r3) | 0011 1i1da ffff ffff [None 4
INFSNZ f,d, a [Increment f, Skip if Not O 1(20r3) | 0100 10da ffff ffff [None 1,2
IORWF f,d, a |[Inclusive OR WREG with f 1 0001 00da ffff ffff |Z, N 1,2
MOVF f,d,a |Movef 1 0101 00da ffff ffff |Z,N 1
MOVFF fs, fy |Move fg (source)to 1stword |2 1100 ffff ffff ffff [None
f4 (destination) 2nd word 1111 ffff ffff ffff
MOVWF  f a Move WREG to f 1 0110 111a ffff ffff |None
MULWF f,a Multiply WREG with f 1 0000 001a ffff ffff |None
NEGF f,a Negate f 1 0110 110a ffff ffff |C,DC,Z OV,N |[1,2
RLCF f,d, a |Rotate Left f through Carry 1 0011 Olda ffff ffff |C,Z N
RLNCF f,d, a |Rotate Left f (No Carry) 1 0100 0Olda ffff ffff |Z,N 1,2
RRCF f,d, a [Rotate Right f through Carry 1 0011 00da ffff ffff [C,Z N
RRNCF f,d, a |Rotate Right f (No Carry) 1 0100 00da ffff ffff |Z,N
SETF f,a Set f 1 0110 100a ffff ffff |None
SUBFWB f,d,a |Subtractffrom WREG with 1 0101 0Olda ffff ffff |C,DC,Z OV,N [1,2
Borrow
SUBWF f,d, a |Subtract WREG from f 1 0101 1ida ffff ffff |C,DC,Z OV,N
SUBWFB f,d,a [Subtract WREG from f with 1 0101 10da ffff ffff |C,DC,Z OV,N |[1,2
Borrow
SWAPF f,d, a |Swap Nibbles in f 1 0011 10da ffff ffff |None
TSTFSZ f,a Test f, Skip if 0 1(20r3) | 0110 011a ffff ffff [None 1,2
XORWF f,d, a |Exclusive OR WREG with f 1 0001 10da ffff ffff |Z,N
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b,a |BitClear f 1 1001 bbba ffff ffff |None 1,2
BSF f,b,a |BitSetf 1 1000 bbba ffff ffff |None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20r3) 1011 bbba ffff ffff [None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20r3)|1010 bbba ffff ffff [None 3,4
BTG f, b, a |Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
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 an 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 the 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 2-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 memory locations have a valid instruction.
5. If the table write starts the write cycle to internal memory, the write will continue until terminated.
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FIGURE 26-13: EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

« :
) .

SDO

SDI

TABLE 26-13: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE, CKE = 0)

Pilr:m Symbol Characteristic Min Max | Units |Conditions
70 TssL2scH, [SS  to SCK { or SCK T Input Tey — | ns
TssL2scL
71 TscH SCK Input High Time Continuous 1.25Tcy +30| — ns
71A Single byte 40 — ns |[(Note 1)
72 TscL SCK Input Low Time Continuous 1.25Tcy +30| — ns
72A Single byte 40 — ns |[(Note 1)
73 TdiV2scH, |Setup Time of SDI Data Input to SCK Edge 20 — ns
TdiV2scL
73A TB28B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2| 1.5 Tcy +40 | — ns |[(Note 2)
74 TscH2diL, |Hold Time of SDI Data Input to SCK Edge 40 — ns
TscL2diL
75 TdoR SDO Data Output Rise Time PIC18FXX31 — 25 ns
PIC18LFXX31 — 45 ns
76 TdoF SDO Data Output Fall Time — 25 ns
77 TssH2doZ |SS 7 to SDO Output High-Impedance 10 50 ns
80 TscH2doV, | SDO Data Output Valid after SCK Edge |PIC18FXX31 — 50 ns
Tscl2doV PIC18LFXX31 — 100 | ns
83 TscH2ssH, |SS T after SCK Edge 1.5Tcy +40 | — ns
TscL2ssH

Note 1. Requires the use of Parameter 73A.
2:  Only if Parameter 71A and 72A are used.
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