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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
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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FIGURE 4-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
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Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 4-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)
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SCS<1:0> bits Changed OSTS bit Set

Note 1: ToST = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
2: Clock transition typically occurs within 2-4 Tosc.

423 RC_RUN MODE This mode is entered by setting the SCS1 bit to ‘1",
In RC_RUN mode, the CPU and peripherals are Although it is ignored,.it ?s recorr?me.nded that the SCSO
clocked from the internal oscillator block using the .bllt.also .be cleared;th|§ Is to maintain software compa.t-
INTOSC multiplexer. In this mode, the primary clock is |b|I!ty with future devices. When the clock'source 'S
shut down. When using the INTRC source, this mode swﬂchgd to the. lNTO.SC multiplexer (see Figure 4.-3.)’
provides the best power conservation of all the Run the primary oscnlator' Is shut down a.n.d the OSTS. bit is
modes, while still executing code. It works well for user cleared. The IRCF bits may be modified at any time to

applications which are not highly timing-sensitive or do immediately change the clock speed,

not require high-speed clocks at all times. Note:  Caution should be used when modifying a
If the primary clock source is the internal oscillator block singlg IRCF bit. If VDD i§ less than 3V, itis
(either INTRC or INTOSC), there are no distinguishable possible to select a higher clock speed
differences between PRI_RUN and RC_RUN modes than is supported Dby the low VDD.
during execution. However, a clock switch delay will Improper device operation may result if
occur during entry to and exit from RC_RUN mode. the VDD/FOSC specifications are violated.

Therefore, if the primary clock source is the internal
oscillator block, the use of RC_RUN mode is not
recommended.
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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

DS39616D-page 66
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FIGURE 8-2: TABLE WRITE OPERATION

Instruction: TBLWI'™*

Program Memory
Holding Registers

Table Pointer(!)
TBLPTRU : TBLPTRH | TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT

Note 1: The Table Pointer actually points to one of eight holding registers, the address of which is determined
by TBLPTRL<2:0>. The process for physically writing data to the program memory array is discussed
in Section 8.5 “Writing to Flash Program Memory”.

8.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLW instructions. These include the:

* EECONT1 register
* EECONZ2 register
» TABLAT register

* TBLPTR registers

8.2.1 EECON1 AND EECON2 REGISTERS
EECONT1 is the control register for memory accesses.

EECON2 is not a physical register. Reading EECON2
will read all ‘0's. The EECON2 register is used
exclusively in the memory write and erase sequences.

Control bit, EEPGD, determines if the access will be to
program or data EEPROM memory. When clear,
operations will access the data EEPROM memory.
When set, program memory is accessed.

Control bit, CFGS, determines if the access will be to
the Configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access Configuration registers, regardless of EEPGD.
(See Section 23.0 “Special Features of the CPU".)
When CFGS is clear, the EEPGD bit selects either
program Flash or data EEPROM memory.

The FREE bit controls program memory erase opera-
tions. When the FREE bit is set, the erase operation is
initiated on the next WR command. When FREE is
clear, only writes are enabled.

A write operation is allowed when the WREN bit
(EECON1<2>) is set. On power-up, the WREN bit is
clear. The WRERR bit (EECON1<3>) is set in hard-
ware when the WR bit (EECON1<1>) is set and
cleared when the internal programming timer expires
and the write operation is complete.

Note:  During normal operation, the WRERR
may read as ‘1’. This can indicate that a
write operation was prematurely termi-
nated by a Reset or a write operation was

attempted improperly.

The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software. The bit is
cleared in hardware at the completion of the write
operation.

Note:  The EEIF interrupt flag bit (PIR2<4>) is
set when the write is complete. It must be
cleared in software.

DS39616D-page 86
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Example 9-3 shows the sequence to do a 16 x 16
unsigned multiply. Equation 9-1 shows the algorithm
that is used. The 32-bit result is stored in four registers,
RES<3:0>.

EQUATION 9-1: 16 x 16 UNSIGNED
MULTIPLICATION
ALGORITHM
RES<3:0> = ARGIH:ARGIL e ARG2H:ARG2L

=  (ARGIH ¢ ARG2H e 216) +
(ARG1H e ARG2L o 28) +
(ARGIL o ARG2H o 28) +
(ARGIL « ARG2L)

EQUATION 9-2: 16 x 16 SIGNED
MULTIPLICATION
ALGORITHM
RES<3:.0>

= ARGIH:ARGIL « ARG2H:ARG2L
= (ARGI1H e ARG2H e 216) +

(ARG1H e ARG2L o 28) +

(ARGIL e ARG2H 2 28) +

(ARGIL e ARG2L)+

(-1 ¢ ARG2H<7> ¢ ARGIH:ARGIL o 216) +

(-1 e ARGIH<7> o ARG2H:ARG2L e 219)

EXAMPLE 9-3: 16 x 16 UNSIGNED

MULTIPLY ROUTINE

MOVF ARGIL, W
MILWF  ARG2L ; ARGLIL * ARG2L ->
;  PRODH: PRODL
MOVFF  PRODH, RES1

MOVFF PRODL, RESO ;

MOVF ARGLIH, W
MULWF  ARG2H ARGIH * ARGH ->
; PRODH: PRODL
MOVFF  PRODH, RES3

MOVFF  PRODL, RES2

MOVF ARGIL, W

MULW  ARG2H ARGIL * ARG2H ->

;. PRODH: PRODL
MOVF PRODL, W )
ADDWF RES1, F ; Add cross
MOVF PRODH, W ; products
ADDWC RES2, F )
CLRF WREG ;

ADDWC RES3, F

MOVF ARGLIH, W

MULWF  ARG2L ; ARGLH * ARG2L ->
;  PRODH: PRODL

MOVF PRODL, W ;

ADDW RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWFC RES2, F ;

CLRF  WREG

ADDWC RES3, F ;

Example 9-4 shows the sequence to do a 16 x 16
signed multiply. Equation 9-2 shows the algorithm
used. The 32-bit result is stored in four registers,
RES<3:0>. To account for the sign bits of the argu-
ments, each argument pair’'s Most Significant bit (MSb)
is tested and the appropriate subtractions are done.

EXAMPLE 9-4: 16 x 16 SIGNED MULTIPLY
ROUTINE
MVF  ARGIL, W
MW ARR2L ; ARGIL * ARRL ->

;  PRODH PRCDL
MOVFF PRCDH, RES1
MOVFF  PRODL, RESO ;

MOVF  ARGLIH, W
MW AR&ZH ; ARGLH * ARGH ->
;  PRODH: PRCDL
MOVFF PRCDH, RES3

MOVFF  PRODL, RESZ2

MOVF  ARGLL, W

MULWF  AR&H . ARGLL * AR&RH ->
; PRODH. PRODL

MOVF PRCDL, W ;

ADDW RES1, F ; Add cross

MOVF  PRODH, W ; products

ADDWC RES2, F ;

CLRF  VREG

ADDWC RES3, F

MOVF  ARGLH, W

MLW  ARRL ; ARGLH * ARGL ->
;  PRODH: PRODL

MOVF  PRODL, W

ADDW RES1, F ; Add cross

MOVF  PRCDH, W ; products

ADDWFC RES2, F

CLRF  VREG

ADDWC RES3, F ;

BTFSS AR&H, 7 ; AR&H: ARGL neg?

BRA SI GN_ARGL ; no, check ARGL
MOVF  ARGLL, W ;
SUBW RES2 ;
MOVF  ARGLH, W ;
SUBWFB RES3
S| GN_ARGL
BTFSS ARGLH, 7 ; ARGLH: ARGLL neg?
BRA CONT_CODE ; no, done
MOVF  ARRL, W ;
SUBW RES2 ;
MOVF  AR@H, W
SUBWFB RES3

CONT_CODE
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REGISTER 10-11: [IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 U-0 U-0 R/W-1 U-0 R/W-1 u-0 R/W-1
OSCFIP — — EEIP — LVDIP — CCP2IP
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 OSCFIP: Oscillator Fail Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6-5 Unimplemented: Read as ‘0’
bit 4 EEIP: Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 Unimplemented: Read as ‘0’
bit 2 LVDIP: Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 Unimplemented: Read as ‘0’
bit 0 CCP2IP: CCP2 Interrupt Priority bit
1 = High priority
0 = Low priority

© 2010 Microchip Technology Inc. DS39616D-page 109
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REGISTER 10-12: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

uU-0 uU-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — PTIP IC3DRIP IC2QEIP IC1IP TMR5IP
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 PTIP: PWM Time Base Interrupt Priority bit

1 = High priority
0 = Low priority
bit 3 IC3DRIP: IC3 Interrupt Priority/Direction Change Interrupt Priority bit
IC3 Enabled (CAP3CON<3:0>):
1 = IC3 interrupt high priority
0 = IC3 interrupt low priority
QEI Enabled (QEIM<2:0>):
1 = Change of direction interrupt high priority
0 = Change of direction interrupt low priority
bit 2 IC2QEIP: IC2 Interrupt Priority/QEI Interrupt Priority bit
IC2 Enabled (CAP2CON<3:0>):
1 = IC2 interrupt high priority
0 = IC2 interrupt low priority
QEI Enabled (QEIM<2:0>):
1 = High priority
0 = Low priority
bit 1 IC1IP: IC1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMRS5IP: Timer5 Interrupt Priority bit
1 = High priority
0 = Low priority
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11.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to five ports available. Some pins
of the I/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose /O pin.

Each port has three 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 (Data Latch)

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 1/0O port without the
interfaces to other peripherals is shown in Figure 11-1.

FIGURE 11-1: GENERIC I/O PORT
OPERATION
pd
RD LAT N
Data
Bus D Q ; . EZ'
WR LAT 1/0 Pin®
or PORT | CK N

Data Latch

o— D Q

WR TRIS E CcK U

TRIS Latch Input
Buffer

e
RD TRIS N

/‘ Q D

EN
RD PORT ) {>O —|

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

11.1 PORTA, TRISA and LATA
Registers

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., 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 register (LATA) is also memory mapped.
Read-modify-write operations on the LATA register read
and write the latched output value for PORTA.

The RA<4:2> pins are multiplexed with three input
capture pins and Quadrature Encoder Interface pins.
Pins, RA6 and RA7, are multiplexed with the main
oscillator pins. They are enabled as oscillator or I/O
pins by the selection of the main oscillator in
Configuration Register 1H (see Section 23.1
“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 com-
parator voltage reference output. The operation of pins
RA<3:0> and RA5 as A/D Converter inputs is selected
by clearing/setting the control bits in the ANSELO and
ANSEL1 registers.

Note 1: On a Power-on Reset, RA<5:0> are
configured as analog inputs and read as ‘0’.

2: RA5 I/F is available only on 40-pin

devices (PIC18F4331/4431).

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

EXAMPLE 11-1:
CLRF  PORTA

INITIALIZING PORTA

; Initialize PORTA by
cl earing out put

; data latches

; Alternate nethod

CLRF LATA
; to clear output
data | atches
MOVLW  Ox3F Configure A/D

MOV ANSELO ; for digital inputs

MOVLW  OxCF ; Value used to
initialize data

; direction

; Set RA<3:0> as inputs

; RA<5:4> as outputs

MOVWWF  TRI SA

© 2010 Microchip Technology Inc.
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17.2.3.3 Reset and Update Events

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

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

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

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

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

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

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

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

17.2.4 QEI INTERRUPTS

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

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

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

* Anindex pulse detected on INDX

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

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

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

17.2.5 QEI SAMPLE TIMING

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

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

EQUATION 17-1:

4D « RPM

FPos = )

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

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

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

DS39616D-page 164
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FIGURE 17-9: QEI'INPUTS WHEN SAMPLED BY THE FILTER (DIVIDE RATIO =1:1)
Tey
QEA Pin
L Tae=16Tor® g
QEB Pin Z
QEA Input : . : L
+—> Z
Teb = 3 Tey '
QEB Input
Note 1: The module design allows a quadrature frequency of up to FQEI = FCY/16.

FIGURE 17-10: QEI MODULE RESET TIMING ON PERIOD MATCH
Forward > ) Reverse >
A _ | L LI | [ L L LI 1
! I S e I s N o RN e I o s O o N o N
Count (+/-) ' ' 4 A TN T, ;
POSCNT® X
MAXCNT MAXCNT=1527, .+ , : I : : v e
Cooos v, o Note6' | :
IC2QEIF \! << AV
Note 2 - " ~J))Note 2,
UP/DOWN o R L
Q4@ |1 @ ]
Position Q1™ | : Q1® ”
Counter Load ' : .
IC3DRIF .
Q1o
Note 1: The POSCNT register is shown in QEI x4 Update mode (POSCNT increments on every rising and every falling edge

of QEA and QEB input signals). Asynchronous external QEA and QEB inputs are synchronized to the TCy clock by
the input sampling FF in the noise filter (see Figure 17-14).

When POSCNT = MAXCNT, POSCNT is reset to ‘0’ on the next QEA rising edge. POSCNT is set to MAXCNT when
POSCNT = 0 (when decrementing), which occurs on the next QEA falling edge.

IC2QEIF is generated on the Q4 rising edge.

Position counter is loaded with ‘0’ (which is a rollover event in this case) on POSCNT = MAXCNT.
Position counter is loaded with MAXCNT value (1527h) on underflow.

IC2QEIF must be cleared in software.

© 2010 Microchip Technology Inc.
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18.4.4 INTERRUPTS IN DOUBLE UPDATE Note: Do not change the PTMOD bits while

MODE PTEN is active; it will yield unexpected
This mode is available in Continuous Up/Down Count results. To change the PWM Timer mode
mode. In the Double Update mode (PTMOD<1:0> = 11), of operation, first clear the PTEN bit, load
an interrupt event is generated each time the PTMR the PTMOD bits with the required data
register is equal to zero and each time the PTMR and then set PTEN.

matches with PTPER register. Figure 18-8 shows the
interrupts in Continuous Up/Down Count mode with
double updates.

The Double Update mode provides two additional
functions to the user in Center-Aligned mode.

1. The control loop bandwidth is doubled because
the PWM duty cycles can be updated twice per
period.

2. Asymmetrical center-aligned PWM waveforms
can be generated, which are useful for
minimizing output waveform distortion in certain
motor control applications.

FIGURE 18-8: PWM TIME BASE INTERRUPT, CONTINUOUS UP/DOWN COUNT MODE WITH
DOUBLE UPDATES

A: PRESCALER =1:1

Case 1: PTMR Counting Upwards
c Q1| Q2] @3 | a4 Q1|Qz|Q3|Q4:Q1|Qz|Q3iQ4: Q1|Qz|Q3iQ4:Q1|Q2|Q3|Q4:

s\ /WYY Y\ YN\ TS\ Y\

| | @ Lo .
PTM@:( 3FDh X 3FEh X 3FFh )( 3FEn | )( 3FDh )(:
PTDIR bit : : / ,
PTMR_INT_REQ / \f I
e 10 (O 10
PTIF bit ! ; ! /

Case 2: PTMR Counting Downwards

at| a2| o3| a4 at]|az2[as| a4 o1| 2| 3| s ar|oz]|as|as at]azfas| o4

el alalalalalaWalal aliaWalalaWalalalall

PTM@E( 002h )( 007h )( 000h )( 001h X 002h X:
PTDIR bit . . \
PTMR_INT_REQ / . \
VO VO YO S AC) :
PTIF bit ' ' /

Note 1: Interrupt flag bit, PTIF, is sampled here (every Q1).
2: PWM Time Base Period register, PTPER, is loaded with the value, 3FFh, for this example.
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FIGURE 18-14:
DOUBLE UPDATES

DUTY CYCLE UPDATE TIMES IN CONTINUOUS UP/DOWN COUNT MODE WITH

v

PWM Output —l—,__‘

Duty Cycle Value Loaded from Buffer Register

'

[ ] Il

oy

PTMR Value

-
'

New Values Written to Duty Cycle Buffer

18.6.4 CENTER-ALIGNED PWM

Center-aligned PWM signals are produced by the
module when the PWM time base is configured in a
Continuous Up/Down Count mode (see Figure 18-15).
The PWM compare output is driven to the active state
when the value of the Duty Cycle register matches the
value of PTMR and the PWM time base is counting
downwards (PTDIR = 1). The PWM compare output
will be driven to the inactive state when the PWM time
base is counting upwards (PTDIR = 0) and the value in
the PTMR register matches the duty cycle value. If the
value in a particular Duty Cycle register is zero, then
the output on the corresponding PWM pin will be

FIGURE 18-15:

inactive for the entire PWM period. In addition, the
output on the PWM pin will be active for the entire PWM
period if the value in the Duty Cycle register is equal to
or greater than the value in the PTPER register.

When the PWM is started in
Center-Aligned mode, the PWM Time
Base Period register (PTPER) is loaded
into the PWM Time Base register (PTMR)
and the PTMR is configured automatically
to start down counting. This is done to
ensure that all the PWM signals don’t start
at the same time.

Note:

START OF CENTER-ALIGNED PWM

'Period/2

First :
PWM '
Period

Start of ! Duty ICycIe

v

Period

Y
A

Period
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NOTES:
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21.0 10-BIT HIGH-SPEED
ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The high-speed Analog-to-Digital (A/D) Converter
module allows conversion of an analog signal to a
corresponding 10-bit digital number.

The A/D module supports up to 5 input channels on
PIC18F2331/2431 devices, and up to 9 channels on
the PIC18F4331/4431 devices.

This high-speed 10-bit A/D module offers the following
features:
* Up to 200K samples per second

» Two sample and hold inputs for dual-channel
simultaneous sampling

+ Selectable Simultaneous or Sequential Sampling
modes

* 4-word data buffer for A/D results

+ Selectable data acquisition timing

+ Selectable A/D event trigger

» Operation in Sleep using internal oscillator

These features lend themselves to many applications
including motor control, sensor interfacing, data
acquisition and process control. In many cases, these
features will reduce the software overhead associated
with standard A/D modules.

The module has 9 registers:

» A/D Result High Register (ADRESH)

* A/D Result Low Register (ADRESL)

» A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

» A/D Control Register 2 (ADCONZ2)

+ A/D Control Register 3 (ADCON3)

» A/D Channel Select Register (ADCHS)
* Analog I/O Select Register 0 (ANSELO)
* Analog I/O Select Register 1 (ANSEL1)

© 2010 Microchip Technology Inc.
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22.4 LVD Start-up Time

The internal reference voltage of the LVD module,
specified in electrical specification Parameter D420,
may be used by other internal circuitry, such as the
Programmable Brown-out Reset. If the LVD, or other
circuits using the voltage reference, are disabled to
lower the device’s current consumption, the reference
voltage circuit will require time to become stable before
a low-voltage condition can be reliably detected. This

start-up time, TIRvST, is an interval that is independent
of device clock speed. It is specified in electrical
specification Parameter 36.

The LVD interrupt flag is not enabled until TIRVST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may
not be detected during this interval (refer to Figure 22-2).

FIGURE 22-2: LOW-VOLTAGE DETECT WAVEFORMS
CASE 1:
LVDIF may not be set
VDD /
—————— }\:/————————}17/———————————— VLvD
|
LVDIF |
A
Enable LVD [

I
Internally Generated

'« TIRVST —»]

Reference Stable

CASE 2:

VDD

__________ Y A

LVDIF cleared in software

LVDIF

Enable LVD I
I

Internally Generated

'« TiRvST

|
|
|
!

]

Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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REGISTER 23-5: CONFIG3H: CONFIGURATION REGISTER 3 HIGH (BYTE ADDRESS 300005h)

R/P-1 U U R/P-1 R/P-1 R/P-1 U R/P-1
MCLRE® — — EXCLKMX® [ pwmamx® | sspmx® [ — [ FLTAmMx®
bit 7 bit 0

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

-n = Value when device is unprogrammed U = Unchanged from programmed state
bit 7 MCLRE: MCLR Pin Enable bit(

1 = MCLR pin is enabled; RE3 input pin is disabled
0 = RES3 input pin is enabled; MCLR is disabled
bit 6-5 Unimplemented: Read as ‘0’
bit 4 EXCLKMX: TMRO/T5CKI External Clock MUX bit™®
1 = TMRO/T5CKI external clock input is multiplexed with RC3
0 = TMRO/T5CKI external clock input is multiplexed with RDO
bit 3 PWM4MX: PWM4 MUX bit™®
1 = PWM4 output is multiplexed with RB5
0 = PWM4 output is multiplexed with RD5
bit 2 SSPMX: SSP 1/0 MUX bit®)

1 = SCK/SCL clocks and SDA/SDI data are multiplexed with RC5 and RC4, respectively. SDO output
is multiplexed with RC7.

0 = SCK/SCL clocks and SDA/SDI data are multiplexed with RD3 and RD2, respectively. SDO output
is multiplexed with RD1.

bit 1 Unimplemented: Read as ‘0’
bit 0 FLTAMX: FLTA MUX bit(®)

1 = FLTA input is multiplexed with RC1
0 = FLTA input is multiplexed with RD4

Note 1. Unimplemented in PIC18F2331/2431 devices; maintain this bit set.
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REGISTER 23-15: WDTCON: WATCHDOG TIMER CONTROL REGISTER

R-0 U-0 U-0 U-0 U-0 U-0 u-0 R/W-0
WDTW — — — — — — 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’ = Bit is cleared x = Bit is unknown
bit 7 WDTW: Watchdog Timer Window bit

1 = WDT count is in fourth quadrant
0 = WDT count is not in fourth quadrant

bit 6-1 Unimplemented: Read as ‘0’
bit O SWDTEN: Software Enable/Disable for Watchdog Timer bit(®)

1= WDT is turned on
0 = WDT is turned off

Note 1: Ifthe WDTEN Configuration bit = 1, then WDT is always enabled, irrespective of this control bit. If WDTEN
Configuration bit = 0, then it is possible to turn WDT on/off with this control bit.

TABLE 23-2: SUMMARY OF WATCHDOG TIMER REGISTERS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CONFIG2H — — WINEN | WDTPS3 | WDTPS2 | WDTPS2 | WDTPSO | WDTEN
RCON IPEN — — RI TO PD POR BOR
WDTCON WDTW — — — — — — SWDTEN

Legend: Shaded cells are not used by the Watchdog Timer.
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TBLRD Table Read
Syntax: [label]  TBLRD ( *; *+; *-; +¥)
Operands: None
Operation: if TBLRD *,
(Prog Mem (TBLPTR)) — TABLAT,
TBLPTR — No Change;
if TBLRD *+,
(Prog Mem (TBLPTR)) — TABLAT,
(TBLPTR) + 1 - TBLPTR;
if TBLRD *-,
(Prog Mem (TBLPTR)) — TABLAT,
(TBLPTR) — 1 —» TBLPTR;
if TBLRD +*,
(TBLPTR) + 1 — TBLPTR,
(Prog Mem (TBLPTR)) — TABLAT
Status Affected: None
Encoding: 0000 0000 0000 10nn
nn =0
=1 *+
=2 *.
=3 +*
Description: This instruction is used to read the contents
of Program Memory (P.M.). To address the
program memory, a pointer called Table
Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory. TBLPTR
has a 2-Mbyte address range.
TBLPTR[0] = 0: Least Significant Byte of
Program Memory Word
TBLPTR[0] = 1: Most Significant Byte of
Program Memory Word
The TBLRD instruction can modify the value
of TBLPTR as follows:
* no change
+ post-increment
* post-decrement
* pre-increment
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation |(Read Program | operation (Write
Memory) TABLAT)

TBLRD Table Read (cont’d)
Example 1: TBLRD *+ ;
Before Instruction
TABLAT = 0x55
TBLPTR =  0x00A356
MEMORY(0x00A356) =  0x34
After Instruction
TABLAT = 0x34
TBLPTR =  0x00A357
Example 2: TBLRD +*
Before Instruction
TABLAT = OxAA
TBLPTR =  0x01A357
MEMORY(0x01A357) =  0x12
MEMORY(0x01A358) =  0x34
After Instruction
TABLAT = 0x34
TBLPTR = 0x01A358

© 2010 Microchip Technology Inc.
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NOTES:
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for
converting from previous versions of a device to the
ones listed in this data sheet. Typically, these changes
are due to the differences in the process technology
used. An example of this type of conversion is from a
PIC16C74A to a PIC16C74B.

Not Applicable

APPENDIX D: MIGRATION FROM
BASELINE TO
ENHANCED DEVICES

This section discusses how to migrate from a baseline

device (i.e., PIC16C5X) to an enhanced MCU device
(i.e., PIC18FXXX).

The following are the list of modifications over the
PIC16C5X microcontroller family:

Not Currently Available
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RUN MOAES ... 40
PRI_RUN L.t 40

SeleCtiNG ...veieiieeiiee e 39
Sleep Mode........... ...43
Summary (table) ... ....39
Power-on Reset (POR)..... ... 49, 263
Power-up Delays..........ccooiiiiiiiiiiiiie e 37
Power-up Timer (PWRT).. ...37, 263
Prescaler, TIMer0............ooovevieeiiieiieeeeeeeeeeeeeeeeeeeeeeean 129

Assignment (PSA Bit) ......ooooiiiiiiiiiieeees 129

Rate Select (TOPS2:TOPSO0 BitS) ......cccovveevreneennene 129
Prescaler, TIMEr2...........cooiviiiiieeieeeeieieeee e 150
PRI_IDLE MOGE ... oot 44
PRI_RUN MO .....couiiiiiiiiiiieiee e 40
Program Counter (PC) .......cooiiiiiiiiiieee e 62
Program Memory

INSrUCIONS ...

Two-Word

Interrupt Vector

Map and Stack

PIC18F2331/4331 ..ot 61

PIC18F2431/4431 ..o 61

ReSet VECION ... 61

Program Verification............cccccoiviniiiniiiiii e 279
Pulse-Width Modulation. See PWM (CCP Module).

PWM
Associated Registers ..........ccocvoviiniiniiciiicneiiees
Complementary Operation.
Control RegiSters ..........oooviiiiiiiieiiiie e
Dead-Time Generators ...........ccccoceeveiiiieniencieenens
Duty Cycle.....c.coeevunennnee.
Center-Aligned......
Comparison......
Edge-Aligned .......
Register Buffers ...
Registers..............
Fault Inputs ........
Functionality .........cooooiiiiiini e
Modes
Continuous Up/Down Count ........ccccceeeeeeniennnn. 180
Free-Running .........ccccooveiiiiin e 180
Single-Shot .......coooiiiiiiicc e 180
Output and Polarity Control...........ccccecceeviiniinnnenenen. 198
Output OVErTde .....ovveeeieee e
Single-Pulse Operation ...
Special Event Trigger........ccoovviiiiiiiiienicneevee e
TiMe Base.......cccoooiiiiiiiiiicc e
INEEITUPES ...
Continuous Up/Down
CountMode ........ccoooieiiiiiiiiiice
Double Update Mode...
Free-Running Mode.........ccccooeiniiiiiiinene
Single-Shot Mode .........cccooceeeiiiicciieee
Postscaler
Prescaler. ..o
Update Lockout..........coooviiiiiieiiiiiieeeeeeee e

PWM (CCP Module)

Associated Registers..........c.cccoeoieiiiniiniciieeee,
CCPR1H:CCPR1L Registers.
DUty CyCle ..o
Example Frequencies/Resolutions ...............ccceeueee. 150
Period ..., ... 149
PR2 Register, Writing ... ... 149
Setup for PWM Operation.........cccccceeiiieeiieeeenennne 150
TMR2 to PR2 Match............ ... 136, 149
PWM PErOd......coiiiiiiieee e 185
Q
Q CIOCK ..t 150
QEI
and IC Shared Interrupts .......ccccceeevvivieieeeeneciieeee, 170
Configuration ..........cccociiiiiiiiic e 162
Direction of Rotation .............ccccciiiiiiiiii 163
Interrupts .....ccceeeeen. ... 164
Operation.. ... 163
Operation in Sleep Mode.... ... 170
3x Input Capture.......... ... 170
Sampling MOdes ........cociviiiiiiiiieicceee e 163
Velocity Measurement............... ... 167
Quadrature Encoder Interface (QEI)........ccccoceevviiiirnnenenne 161
R
RIW Bit..oooooooooeooeeeeeeeeeeee 206, 213, 214, 215
RAM. See Data Memory.
RC OSCillator.........cccuoiiiiiiiecii e 31
RCIO Oscillator Mode.. .31
RC_IDLE Mode.................... ... 45
RC_RUN Mode.... |
RCALL .. 313
RCSTA Register
SPEN Bit...oiieieeiiieeece e 217
Reader RESPONSE.........ccciiiiiiiiiiicceeeeeeee e 388
Registers
ADCHS (A/D Channel Select) .........cccccvvvivvrnrncnnn. 244
ADCONO (A/D Control 0)......c.coevueeirienrieie e
ADCON1 (A/D Control 1)....ccceeviiririenieeie e
ADCON?2 (A/D Control 2)....
ADCONS3 (A/D Control 3)......ccceeueeirienieenie e
ANSELO (Analog Select 0)
ANSEL1 (Analog Select 1)
BAUDCON (Baud Rate Control).........cccccecuieneeeuneene 220
CAPXCON (Input Capture x Control)...........ccceeueenee. 155
CCPxCON (CCPx Control)
CONFIG1H (Configuration 1 High)........cccccovvnieenne. 264
CONFIG2H (Configuration 2 High)........ccccccovvnvieenee. 266

CONFIG2L (Configuration 2 Low) ....
CONFIG3H (Configuration 3 High)
CONFIG3L (Configuration 3 Low)
CONFIGAL (Configuration 4 Low) ....
CONFIG5H (Configuration 5 High)
CONFIGS5L (Configuration 5 LOW) .......cccceeniinnieenne.
CONFIG6H (Configuration 6 High)...
CONFIG6L (Configuration 6 LOW) .........ccovveeernneenne
CONFIG7H (Configuration 7 High)
CONFIGT7L (Configuration 7 Low) ....
DEVID1 (Device ID 1).....ccecvevereenennn.
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