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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin |Buffer .
Pin Name Description
PDIP | TQFP| QFN | Type| Type
PORTC is a bidirectional 1/O port.
RCO/T10SO/T1CKI 15 32 34
RCO I/0 ST Digital 1/0.
T10S0O (0] — Timer1 oscillator output.
T1CKI | ST Timer1 external clock input.
RC1/T10SI/CCP2/ 16 35 35
FLTA
RC1 I/0 ST Digital 1/0.
T10SI I |CMOS| Timer1 oscillator input.
CCP2 I/0 ST Capture 2 input, Compare 2 output, PWM2 output.
FLTA | ST Fault interrupt input pin.
RC2/CCP1/FLTB 17 | 36 | 36
RC2 I/0 ST Digital I/0.
CCP1 1/0 ST Capture 1 input/Compare 1 output/PWM1 output.
FLTB | ST Fault interrupt input pin.
RC3/TOCKI/T5CKI/ 18 37 37
INTO
RC3 I/0 ST Digital I/0.
TocKI® | ST TimerQ alternate clock input.
T5CKIM | ST Timer5 alternate clock input.
INTO | ST External Interrupt 0.
RC4/INT1/SDI/SDA 23 42 42
RC4 I/0 ST Digital 1/0.
INT1 | ST External Interrupt 1.
spi® [ ST SPI data in.
SDA®M /0 | 1’°C I2C™ data I/0.
RC5/INT2/SCK/SCL | 24 43 43
RC5 I/0 ST Digital I/0.
INT2 | ST External Interrupt 2.
sck® 1/0 ST Synchronous serial clock input/output for SPI mode.
scL® 1/0 12c Synchronous serial clock input/output for 12C mode.
RCB/TX/CK/SS 25 | 44 | 44
RC6 I/0 ST Digital I/0.
X (0] — EUSART asynchronous transmit.
CK I/O ST EUSART synchronous clock (see related RX/DT).
SS | ST SPI slave select input.
RC7/RX/DT/SDO 26 1 1
RC7 I/0 ST Digital 1/0.
RX | ST EUSART asynchronous receive.
DT I/O ST EUSART synchronous data (see related TX/CK).
sboW o | — SPI data out.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL; RCY7 is the alternate pin for SDO.

2: RD4 is the alternate pin for FLTA.
3: RD5 is the alternate pin for PWM4.
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FIGURE 4-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
atlazlaslaalat- - - - - - e m e o=l Qa3 a4l ar]a|aes]|
T108I AW i n-N\_/n ' \
osci _/—\_:/—\_:/—\_:/—\: ~—— Clock Transifion® — : X X : X : X
cPU MU /_\_/_\_J_\_J_\_/_\_/_\_/_\_J_\
Clock j : ! ' X X ! ] i X
Peripheral _M_ MM /_\_/_\_/_\_/_\_./_\_,/_\_J_\_/_\
Fggg::]etlg:’ PC X PC +2 I I I I X PC+4 X

Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 4-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)

; Q| Q2| Q3 , Q@ . Ql--------- ;—»:Qz|Q3!Q4|Q1!Q2|Qs

mwmAWWWMm mﬂfmﬂfm

! <—TOST —» TPLL(]‘)

T10SI

PLL Clock : : - | VetV aNalalal
Output : , X W_/_\_/_\_/_\_/_\_ﬁ_/—\_/—\_ M
L o e Clock L
Peripheral /—\_/—\_/—\_/—\_/_\ ' RS S SN S
Clock : ; : I/_\_,/_\_'/_\_../_\_n./_\_./—\_/—\_
Program I
Counter

PC ' X PC+2 X _PC+4
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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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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REGISTER 8-1: EECON1: DATA EEPROM CONTROL REGISTER 1

R/W-x R/W-x uU-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — | FREE WRERRW® | 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’ = Bitis 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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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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10.5 RCON Register

The RCON register contains bits used to determine the
cause of the last Reset or wake-up from a power-
managed mode. RCON also contains the bit that
enables interrupt priorities (IPEN).

REGISTER 10-13: RCON: RESET CONTROL REGISTER

R/W-0 u-0 U-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — — RI TO PD POR BOR
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 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6-5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 5-1.
bit 3 TO: Watchdog Timer Time-out Flag bit

For details of bit operation, see Register 5-1.
bit 2 PD: Power-Down Detection Flag bit

For details of bit operation, see Register 5-1.
bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 5-1.
bit 0 BOR: Brown-out Reset Status bit

For details of bit operation, see Register 5-1.
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11.4 PORTD, TRISD and LATD
Registers

Note: PORTD is only available on PIC18F4331/
4431 devices.

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

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

All pins on PORTD are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

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

PORTD includes PWM<7:6> complementary fourth
channel PWM outputs. PWM4 is the complementary
output of PWM5 (the third channel), which is multi-
plexed with the RB5 pin. This output can be used as the
alternate output using the PWM4MX Configuration bit
in CONFIG3H when the Single-Supply Programming
pin (PGM) is used on RB5.

RD1, RD2 and RD3 can be used as the alternate out-
put for SDO, SDI/SDA and SCK/SCL using the SSPMX
Configuration bit in CONFIG3H.

RD4 an be used as the alternate output for FLTA using
the FLTAMX Configuration bit in CONFIG3H.

EXAMPLE 11-4:
CLRF PORTD

INITIALIZING PORTD

; Initialize PORTD by
cl earing out put

; data | atches

; Alternate nethod

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

initialize data
; direction
; Set RD<3:0> as inputs
; RD<5:4> as outputs
; RD<7:6> as inputs

MOVWF  TRI SD

DS39616D-page 122
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14.2 Timer2 Interrupt

Timer2 can also generate an optional device interrupt.
The Timer2 output signal (TMR2 to PR2 match) pro-
vides the input for the 4-bit output counter/postscaler.
This counter generates the TMR2 match interrupt flag
which is latched in TMR2IF (PIR1<1>).

The interrupt is enabled by setting the TMR2 Match
Interrupt Enable bit, TMR2IE (PIE1<1>). A range of
16 postscale options (from 1:1 through 1:16 inclusive)
can be selected with the postscaler control bits,
T20UTPS<3:0> (T2CON<6:3>).

FIGURE 14-1: TIMER2 BLOCK DIAGRAM

14.3 Output of TMR2

The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode. Timer2 can be optionally
used as the shift clock source for the SSP module
operating in SPI mode.

For additional information, see Section 19.0
“Synchronous Serial Port (SSP) Module”.

T20UTPS<3:0>

o | 1:1to1:16

2

—— > Set TMR2IF

Postscaler
A

» TMR2 Output

T2CKPS<1:0> ﬁ
Y Reset

(to PWM or SSP)
A TMR2/PR2

Match
1:1,1:4,1:16
Fosc/4 Prescaler —' TMR2 I:,'>| Comparator K—— 2
%8 8 ‘ 8
Internal Data Bus < g >
TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | ResetValues
on Page:
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
TMR2 Timer2 Register 55
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO |TMR2ON| T2CKPS1 | T2CKPSO 55
PR2 Timer2 Period Register 55
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.

© 2010 Microchip Technology Inc.
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Table 18-1 shows the minimum PWM frequencies that
can be generated with the PWM time base and the
prescaler. An operating frequency of 40 MHz
(Fcyc =10 MHz) and PTPER = OxFFF is assumed in
the table. The PWM module must be capable of gener-
ating PWM signals at the line frequency (50 Hz or

60 Hz) for certain power control applications.

18.3.5 PWM TIME BASE POSTSCALER

The match output of PTMR can optionally be
postscaled through a 4-bit postscaler (which gives a
1:1 to 1:16 scaling inclusive) to generate an interrupt.
The postscaler counter is cleared when any of the
following occurs:

* Write to the PTMR register

TABLE 18-1: MINIMUM PWM FREQUENCY * Write to the PTCON register
Minimum PWM Frequencies vs. Prescaler Value * Any device Reset
for Fcyc = 10 MIPS (PTPER = OFFFh) The PTMR register is not cleared when PTCON is
written.
prescale | "Ly nigned | Center-agned
ge-Alg 9 18.4 PWM Time Base Interrupts
11 2441 Hz 1221 Hz The PWM timer can generate interrupts based on the
1:4 610 Hz 305 Hz modes of operation selected by the PTMOD<1:0> bits
1:16 153 Hz 76 Hz and the postscaler bits (PTOPS<3:0>).
1:64 38 H 19 H
z z 18.4.1 INTERRUPTS IN FREE-RUNNING
MODE
When the PWM time base is in the Free-Running mode
(PTMOD<1:0> = 00), an interrupt event is generated
each time a match with the PTPER register occurs. The
PTMR register is reset to zero in the following clock edge.
Using a postscaler selection other than 1:1 will reduce
the frequency of interrupt events.
FIGURE 18-5: PWM TIME BASE INTERRUPT TIMING, FREE-RUNNING MODE

A: PRESCALER = 1:1

» Q1| Q2| @3] 4 1| 2| @3 | @4; Q1| Q2| @3 | @4 Q1| @2| 3| 4 Q1| Q2| @3 | Q4

AW VAN AN A WA A AV AWAWARAWAWAWAS
. @ C L :

PTMRY FFEh Y FFFh | X 000h ' Y 001h X 002h X

— s : |

PTMR_INT_REQ |

PTIF bit, Z L T . .

B: PRESCALER =1:4

Q4 Q4
:chchQc|Qc: chQc|Qc|Qc:Qc;|Qd|chQc:Qc|Qc|Qc|Qc:Qc|Qc|chQcZ

Z . @ Lo . . .
PTMRY FFEh N FFFh X 1. 0ooh X 001h X 002h X
PTMR_INT_REQ' /A VS
PTIF bit! X /oo
Note 1: PWM Time Base Period register, PTPER, is loaded with the value, FFFh, for this example.
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18.6 PWM Duty Cycle

PWM duty cycle is defined by the PDCx (PDCxL and
PDCxH) registers. There are a total of four PWM Duty
Cycle registers for four pairs of PWM channels. The
Duty Cycle registers have 14-bit resolution by combin-
ing six LSbs of PDCxH with the 8 bits of PDCxL. PDCx
is a double-buffered register used to set the counting
period for the PWM time base.

18.6.1 PWM DUTY CYCLE REGISTERS

There are four 14-bit Special Function Registers used
to specify duty cycle values for the PWM module:

+ PDCO (PDCOL and PDCOH)

+ PDC1 (PDC1L and PDC1H)

+ PDC2 (PDC2L and PDC2H)

+ PDC3 (PDC3L and PDC3H)

The value in each Duty Cycle register determines the
amount of time that the PWM output is in the active
state. The upper 12 bits of PDCx holds the actual duty
cycle value from PTMRH/L<11:0>, while the lower
2 bits control which internal Q clock the duty cycle
match will occur. This 2-bit value is decoded from the Q
clocks as shown in Figure 18-11 (when the prescaler is
1:1 or PTCKPS<1:0> = 00).

In Edge-Aligned mode, the PWM period starts at Q1
and ends when the Duty Cycle register matches the
PTMR register as follows. The duty cycle match is con-
sidered when the upper 12 bits of the PDCx are equal
to the PTMR and the lower 2 bits are equal to Q1, Q2,
Q3 or Q4, depending on the lower two bits of the PDCx
(when the prescaleris 1:1 or PTCKPS<1:0> = 00).

Note:  When the prescaler is not 1:1
(PTCKPS<1:0> # ~00), the duty cycle
match occurs at the Q1 clock of the
instruction cycle when the PTMR and

PDCx match occurs.

Each compare unit has logic that allows override of the
PWM signals. This logic also ensures that the PWM
signals will complement each other (with dead-time
insertion) in Complementary mode (see Section 18.7
“Dead-Time Generators”).

FIGURE 18-11: DUTY CYCLE COMPARISON
PTMRH<7:0> PTMRL<7:0>
s 7> ~/ ~
PTMR<11:0>
PTMRH<3:0> PTMRL<7:0> Q Clocks®
N . J\ N 0
Unused
Y
Comparator
Unused T i
e PDCxH<5:0> N PDCxL<7:0> R
PDCx<13:0>
“ - AN /
PDCxH<7:0> PDCxL<7:0>

Note 1: This value is decoded from the Q clocks:
00 = duty cycle match occurs on Q1
01 = duty cycle match occurs on Q2
10 = duty cycle match occurs on Q3
11 = duty cycle match occurs on Q4

© 2010 Microchip Technology Inc.
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18.7 Dead-Time Generators

In power inverter applications, where the PWMs are
used in Complementary mode to control the upper and
lower switches of a half-bridge, a dead-time insertion is
highly recommended. The dead-time insertion keeps
both outputs in inactive state for a brief time. This
avoids any overlap in the switching during the state
change of the power devices due to TON and TOFF
characteristics.

Because the power output devices cannot switch
instantaneously, some amount of time must be pro-
vided between the turn-off event of one PWM output in
a complementary pair and the turn-on event of the
other transistor. The PWM module allows dead time to
be programmed. The following sections explain the
dead-time block in detail.

FIGURE 18-17:

18.7.1 DEAD-TIME INSERTION

Each complementary output pair for the PWM module
has a 6-bit down counter used to produce the
dead-time insertion. As shown in Figure 18-17, each
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output. The
dead time is loaded into the timer on the detected PWM
edge event. Depending on whether the edge is rising or
falling, one of the transitions on the complementary
outputs is delayed until the timer counts down to zero.
A timing diagram, indicating the dead-time insertion for
one pair of PWM outputs, is shown in Figure 18-18.

DEAD-TIME CONTROL UNIT BLOCK DIAGRAM FOR ONE PWM OUTPUT PAIR

Dead Time

Select Bits ﬁ{ Zero Compare ‘7
'Y il

Clock Control

PDC1

FosC —»| —» 6-Bit Down Counter
and Prescaler | y ‘ D‘Odd PWM Signal to
’ A Output Control Block
Dead Time Even PWM Signal to
Prescale 0—‘>°—4|D;Output Control Block

| j ‘ Dead-Time Register

Duty Cycl
Comp:r):e Ir}:;uet —L
FIGURE 18-18: DEAD-TIME INSERTION FOR COMPLEMENTARY PWM
td g
. > -

Compare 4[—[—

Output ' . .
PWM1 ! ! '
PWMO l Z l
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DS39616D-page 191



PIC18F2331/2431/4331/4431

20.2.3  AUTO-BAUD RATE DETECT

The Enhanced USART module supports the automatic
detection and calibration of baud rate. This feature is
active only in Asynchronous mode and while the WUE
bit is clear.

The automatic baud rate measurement sequence
(Figure 20-1) begins whenever a Start bit is received and
the ABDEN bit is set. The calculation is self-averaging.

In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RX signal, the RX signal is timing the BRG. In
ABD mode, the internal Baud Rate Generator is used
as a counter to time the bit period of the incoming serial
byte stream.

Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Detect
must receive a byte with the value of 55h (ASCII “U”,
which is also the LIN/J2602 bus Sync character) in
order to calculate the proper bit rate. The measurement
takes over both a low and a high bit time in order to
minimize any effects caused by asymmetry of the
incoming signal. After a Start bit, the SPBRG begins
counting up, using the preselected clock source on the
first rising edge of RX. After eight bits on the RX pin, or
the fifth rising edge, an accumulated value totalling the
proper BRG period is left in the SPBRGH:SPBRG
registers. Once the 5th edge is seen (should

This allows the user to verify that no carry occurred for 8-
bit modes by checking for 00h in the SPBRGH register.
Refer to Table 20-4 for counter clock rates to the BRG.

While the ABD sequence takes place, the EUSART
state machine is held in Idle. The RCIF interrupt is set
once the fifth rising edge on RX is detected. The value
in the RCREG needs to be read to clear the RCIF
interrupt. RCREG content should be discarded.

Note 1: If the WUE bit is set with the ABDEN bit,
Auto-Baud Rate Detection will occur on
the byte following the Break character
(see Section 20.3.4 “Auto-Wake-up on
Sync Break Character”).

2: Itis up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible
due to bit error rates. Overall system timing
and communication baud rates must be
taken into consideration when using the
Auto-Baud Rate Detection feature.

3: To maximize baud rate range, setting
the BRG16 bit is recommended if the
auto-baud feature is used.

TABLE 20-4: BR NTER CLOCK
correspond to the Stop bit), the ABDEN bit is 0 G CoU cLoc
. RATES
automatically cleared.
While calibrating the baud rate period, the BRG regis- BRG16 | BRGH BRG Counter Clock
ters are clocked at 1/8th the preconfigured clock rate. 0 0 Fosc/512
The BRG clock can be configured by the BRG16 and
BRGH bits. The BRG16 bit must be set to use both 0 1 Fosc/256
SPBRG and SPBRGH as a 16-bit counter. 1 0 Fosc/128
1 1 Fosc/32
FIGURE 20-1: AUTOMATIC BAUD RATE CALCULATION®
BRG Value  XXXXh 0000h Oy T ooten
: .~ Edge #1 Edge#2 - Edge#3  ,Edge#4  ,Edge#5
RX Pin . Start [ Bito | Bit1 [ Btz | _Bit3 [ Bit4 | Bit5 [ Bite | Bit7 [ StopBrt

BRG Clock

Pou Auto-Cleared

Set by user !
ABDEN bit A

RCIF bit

(Interrupt)

Read
RCREG

SPBRG . . XXXXh

SPBRGH XXXXh

Note 1: The ABD sequence requires the EUSART module to be configured in Asynchronous mode and WUE = 0.
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EXAMPLE 21-1: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMP + TcC + TCOFF
TaAMP = Negllglble
TCcoFF = (Temp — 25°C)(0005 }/LS/OC)

(50°C - 25°C)(0.005 ug/°C) = .13 us
Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TcorF = 0 us.

TcC =  -(CHoLD) (RiC + Rss + RS) In(1/2047) us
-(9 pF) (1 kQ + 6 kQ + 100Q2) In(0.0004883) ps = .49 us
TAcQ = 0+.49pus+.13us=.62us

Note: If the converter module has been in Sleep mode, TAMP is 2.0 us from the time the part exits Sleep mode.

FIGURE 21-2: ANALOG INPUT MODEL
VDD )
T Sampling
Switch
________ VT =0.6V R
: Rs ' ANx %S Rc<tk 'SS Rss !
| WV—.|X} I * A 0—-'\/\/\,—v—\
| Coeew L | Ao T 1
LD T %& Lo T o
= ¢ ¢ ] Vvss
Legend: CPIN = Input Capacitance
VT = Threshold Voltage o
ILEAKAGE = Leakage Current at the pin due to VDD 4V
various junctions 3v
Ric = Interconnect Resistance 2V
SS = Sampling Switch
CHOLD = Sample/Hold Capacitance (from DAC) -
Rss = Sampling Switch Resistance 5678910 M
Sampling Switch (kQ)
Note: For VDD < 2.7V and temperatures below 0°C, VAIN should be restricted to range: VAIN < VDD/2.
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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 23-3:

CONFIG2H: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)

u-0 u-0 RIP-1 RIP-1 RIP-1 R/P-1 RIP-1

— — WINEN | wDTPS3 | wDTPs2 | wDTPS1 | WDTPSO | WDTEN
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 7-6
bit 5

bit 4-1

bit 0

Unimplemented: Read as ‘0’
WINEN: Watchdog Timer Window Enable bit

1 = WDT window is disabled

0 = WDT window is enabled
WDTPS<3:0>: Watchdog Timer Postscale Select bits
1111 =1:32,768

1110 = 1:16,384

1101 =1:8,192

1100 = 1:4,096

1011 =1:2,048

1010 = 1:1,024

1001 = 1:512

1000 = 1:256

0111 = 1:128

0110 = 1:64

0101 = 1:32

0100 = 1:16

0011 =1:8

0010=1:4

0001 =1:2

0000 = 1:1

WDTEN: Watchdog Timer Enable bit

1 =WDT is enabled
0 = WDT is disabled (control is placed on the SWDTEN bit)
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TABLE 24-2: PIC18FXXXX INSTRUCTION SET (CONTINUED)
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn |None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn |None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn |None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn |None
BNZ n Branch if Not Zero 2 1110 0001 nnnn nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn |None
BRA n Branch Unconditionally 1(2) 1101 Onnn nnnn nnnn |None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn |None
CALL n, s Call Subroutine 1st word 2 1110 110s kkkk kkkk |None

2nd word 1111 kkkk kkkk kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 o00OOO 0111 |C,DC
GOTO n Go to Address 1st word 2 1110 1111 kkkk kkkk |None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation 1 1111 xxxx xxxX xxxx [None 4
POP — Pop Top of Return Stack (TOS) |1 0000 0000 0000 0110 [None
PUSH — Push Top of Return Stack (TOS) |1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1nnn nnnn nnnn |None
RESET Software Device Reset 1 0000 0000 1111 1111 (Al
RETFIE s Return from Interrupt Enable 2 0000 0000 0001 O000s |GIE/GIEH,

PEIE/GIEL

RETLW Return with Literal in WREG 2 0000 1100 kkkk kkkk |None
RETURN Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD
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.

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

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.

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.

If the table write starts the write cycle to internal memory, the write will continue until terminated.

© 2010 Microchip Technology Inc.
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GOTO Unconditional Branch INCF Increment f
Syntax: [label] GOTO k Syntax: [label] INCF f[d[a]]
Operands: 0 <k <1048575 Operands: 0<f<255
Operation: k — PC<20:1> del[01]
ae[0,1]
Status Affected: None )
Operation: (f)+ 1 —> dest
Encoding: Aff ) DC N.OV 7
1st word (k<7:0>) 1110 | 1111 | kokkk | kkkkg Status Affected: C.DC, N, OV,
2nd word(k<19:8>) | 1111 |kqokkk | kkkk | kkkkg Encoding: | 0010 [ 10da | ffff | frff |
Description: GOTOallows an unconditional branch Description: The contents of register, ‘', are
anywhere within entire 2-Mbyte memory incremented. If ‘d’ is ‘0’, the result is
range. The 20-bit value, ‘k’, is loaded placed in W. If ‘d’ is ‘1’, the result is
into PC<20:1>. GOTOis always a placed back in register, . If ‘@’ is ‘0’,
two-cycle the Access Bank will be selected, over-
instruction. riding the BSR value. If ‘a’ = 1, then the
Words: 2 bank will be selected as per the BSR
value.
Cycles: 2
Words: 1
Q Cycle Activity: Gl 1
cles:
Q1 Q2 Q3 Q4 y .
Decode Read literal No Read literal Q Cycle Activity:
‘K'<7:0>, operation | ‘k’<19:8>, Q1 Q2 Q3 Q4
Write to PC Decode Read Process Write to
No No No No register ‘f Data destination
operation operation operation operation
Example: I NCF CNT,
Example: GOTO THERE Before Instruction
After Instruction CNT = OxFF
PC = Address ( THERE) z = 0
C = ?
DC = ?
After Instruction
CNT = 0x00
4 = 1
C = 1
DC = 1
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27.2 Package Details

The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

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

N
T e e e N e B i Y e e B e B e Y ke e B

NOTE 1 %
| e Tt B i e B B N e T L
1 2 3
D
[ \
AL [
B c
A1 — b1
b — e |—— ~— eB —=
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 .240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

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

| g |
| w2 |
. I| }D |:| |:| |:| |:| |: || — E
| —
T2 __
L] 1]
X1 —>l | —~———
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

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

Microchip Technology Drawing No. C04-2105A
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DEVID2 (Device ID 2) .....coociiiiiiiieieiieeeeeieeees 273
DFLTCON (Digital Filter Control) ..........cccccovereiiceeens 169
DTCON (Dead-Time Control)

EECON1 (Data EEPROM Control 1) ......ccceeveenunenene. 87
EECON1 (EEPROM Control 1)......cccccovviiniennieenineene. 80
FLTCONFIG (Fault Configuration). ... 201
INTCON (Interrupt Control)........ccccevvernieiieeniicieenn 99
INTCON2 (Interrupt Control 2).... ..100
INTCONS (Interrupt Control 3)........... ...101
IPR1 (Peripheral Interrupt Priority 1)..... ...108
IPR2 (Peripheral Interrupt Priority 2)..... ...109
IPR3 (Peripheral Interrupt Priority 3)........ ..110
LVDCON (Low-Voltage Detect Control).... ... 257
OSCCON (Oscillator Control) ..........cccoeeveercvreieennennns 36
OSCTUNE (Oscillator Tuning) ........ccoocvveerniveeeniieennnnes 33
OVDCOND (Output Override Control)............cc........ 196

OVDCONS (Output State)
PIE1 (Peripheral Interrupt Enable 1)
PIE2 (Peripheral Interrupt Enable 2)
PIE3 (Peripheral Interrupt Enable 3)
PIR1 (Peripheral Interrupt Request (Flag) 1)
PIR2 (Peripheral Interrupt Request (Flag) 2)
PIR3 (Peripheral Interrupt Request (Flag) 3)..
PTCONO (PWM Timer Control 0) ........cccoueviniiveennnns
PTCON1 (PWM Timer Control 1) ......cccceeviiriiennenns
PWMCONO (PWM Control 0)
PWMCON1 (PWM Control 1)
QEICON (QEI CoNntrol).......cc.coveierereeeneene e
RCON (Reset Control)
RCSTA (Receive Status and Control)...........cccceeeenes
SSPCON (SSP Control)........ccccueeieiniiiiienieesieeenene
SSPSTAT (SSP Status)....

STKPTR (Stack Pointer) ........ccccceoviniiinienieiiic e
Summary.......cccocveveeneneenne .. 70-73

TRISE ... 124
TXSTA (Transmit Status and Control) .. ...218
TOCON (Timer0 Control)..........ccooeeueene .. 127

T1CON (Timer1 Control)...... . 131
T2CON (Timer2 Control)...... ...136
T5CON (Timer5 Control)................... ...139

WDTCON (Watchdog Timer Control) ...

SEC_IDLE MOE......coiiiiiiiiiiiieieieeeeeee e 44
SEC_RUN Mode

Serial Clock (SCK) Pin.......cooiuiiiiiiiieiiieve e 205
Serial Data In (SDI) Pin.......coooiiiiiiiiieiee e 205

Serial Data Out (SDO) Pin........ccoviiiiiiiieiececeeeeee e 205
SETF e 317
Single-Supply ICSP Programming....

Slave Select (SS) Pin ....cccooviiiiiiiiiiieeeeeceeee e 205
SLEEP ..o 318
Sleep

OSC1 and OSC2 Pin States
Software Simulator (MPLAB SIM)
Special Event Trigger. See Compare (CCP Module).

Special Features of the CPU ...........ccooooiiiiiiiiieee 263
Special Function Registers
= T o J USSP PERPRY 69
SPIMOAE (SSP) ..ot 205
Associated Registers.........cooceeiiiiiiiiiieieeeeee

Serial ClOCK ....cuvvviiieeei e
Serial Data IN.........oooooiiiiiiiiie e
Serial Data Out.
Slave SelecCt........ouviiiiiiiiee e

SSP

Overview.

TMR2 Output for Clock Shift..........cccccoeenieeieene 136, 137
SSPEN Bit
SSPM<B:0> BitS ...ocvveiiieeie i 208
SSPOV Bit ..ot 207
Stack Full/Underflow Resets..........cccocoeeciiiiiiiiiniinieee 64
Status Bits, Significance and Initialization for

RCON Register.......cocviiiiiiieiiiieie e 53
SUBFWB

Synchronous Serial Port. See SSP.

T

TABLAT RegiSter.......coiuiiiiiiiiiieieiee e 88
Table Pointer Operations (table)... ... 88

Time-out in Various Situations (table).............ccccceeniieeenes 50

TIMEIO .o
Associated Registers
Clock Source Edge Select (TOSE Bit) ..........ccceeeeee 129
Clock Source Select (TOCS Bit) .....ccccceeveiiiinieeneene 129
INEEITUPE .o 129
OPEratioN ...t 129
Prescaler ..o 129

Switching Assignment ... 129
Prescaler. See Prescaler, TimerO.
16-Bit Mode Timer Reads and Writes ...................... 129

TIMEIT e 131

Associated Registers.........ccocveviiiiiiiiiicciiieeeee 135
INTEITUPT ... 134
OPEration ........ceueiiiiiiie e 132
Oscillator.........ccoccoeviiiiennnne ... 131,133

Layout Considerations..........cccceeiiiieineeeeneen. 133
Overflow Interrupt.........oocoeviieiiieiiieee e 131
Resetting, Using a Special Event Trigger

Output (CCP)..eeeii e 134
Special Event Trigger (CCP) ......ccccovviiiviiiiinieeeene 147
TMRTH RegiSter.......ueviiiiiiiiiieieeccee e 131
TMR1L Register
Use as a Real-Time Clock (RTC)......ccccveveiriivnienenns 134
16-Bit Read/Write Mode ..., 134
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