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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.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

25MHz

UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
16

4KB (2K x 16)

FLASH

128 x 8

256 x 8

4.2V ~ 5.5V

A/D 4x10b

Internal

-40°C ~ 125°C (TA)
Surface Mount
28-VQFN Exposed Pad
28-QFN (6x6)
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
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hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
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intellectual property rights.
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

© 2009 Microchip Technology Inc. DS39758D-page 7



PIC18F1230/1330

454 EXIT WITHOUT AN OSCILLATOR

START-UP DELAY

Certain exits from power-managed modes do not
invoke the OST at all. There are two cases:

* PRI_IDLE mode, where the primary clock source is

not stopped; and

« the primary clock source is not any of the LP, XT,

HS or HSPLL modes.

In these instances, the primary clock source either
does not require an oscillator start-up delay since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC and INTIO
Oscillator modes). However, a fixed delay of interval
Tcsp following the wake event is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.

TABLE 4-2:  EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)
Clock Source Clock Source Exit Dela Clock Ready Status
before Wake-up after Wake-up Y Bit (OSCCON)
LP, XT, HS
Primary Device Clock HSPLL Tosp® OSTS
(PRI_IDLE mode) EC, RC
INTOSC® IOFS
LP, XT, HS Tost®
HSPLL TosT + t,,®) OSTS
T10SC T
EC, RC Tcsp@W
INTOSC®) TioBsT® IOFS
LP, XT, HS Tost®
3 HSPLL TosT + t,®) OSTS
INTOSC® T
EC, RC Tesp@W
INTOSC®) None IOFS
LP, XT, HS TosTt®)
None HSPLL TosT + t,,® OSTS
(Sleep mode) EC, RC Tesp@
INTOSC®) TiossT® IOFS

Note 1: TcsbD (parameter 38) is a required delay when waking from Sleep and all Idle modes and runs concurrently
with any other required delays (see Section 4.4 “Idle Modes”). On Reset, INTOSC defaults to 1 MHz.

2: Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
3: TosT is the Oscillator Start-up Timer (parameter 32). t,. is the PLL Lock-out Timer (parameter F12); it is

also designated as TPLL.

4: Execution continues during TIOBST (parameter 39), the INTOSC stabilization period.

DS39758D-page 38
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6.3.4 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
the top half of Bank 15 (F80h to FFFh). A list of these
registers is given in Table 6-1 and Table 6-2.

The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,
Resets and interrupts) and those related to the
peripheral functions. The Reset and Interrupt registers
are described in their respective chapters, while the
ALU’s STATUS register is described later in this section.
Registers related to the operation of a peripheral feature
are described in the chapter for that peripheral.

The SFRs are typically distributed among the

peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘O’s.

SPECIAL FUNCTION REGISTER MAP FOR PIC18F1230/1330 DEVICES

TABLE 6-1:

Address Name Address Name
FFFh TOSU FDFh| INDF2(D
FFEh TOSH FDEh | POSTINC2()
FFDh TOSL FDDh | POSTDEC2(Y)
FFCh| STKPTR FDCh| PREINC2(®
FFBh| PCLATU FDBh| PLUSW2(1
FFAh| PCLATH FDAh| FSR2H
FF9h PCL FD%h FSR2L
FF8h| TBLPTRU FD8h| STATUS
FF7h| TBLPTRH FD7h| TMROH
FF6h| TBLPTRL FD6h| TMROL
FF5h|  TABLAT FD5h| TOCON
FF4h| PRODH FD4h —@
FF3h| PRODL FD3h| OSCCON
FF2h| INTCON FD2h| LVDCON
FF1h| INTCON2 FD1h| WDTCON
FFOh| INTCON3 FDOh RCON
FEFh| INDFO® FCFh| TMR1H
FEEh | POSTINCOW FCEh| TMRIL
FEDh | POSTDECO® FCDh| T1CON
FECh| PREINCOW FCCh — @
FEBh| PLUSWO® FCBh —@
FEAh FSROH FCAh —@
FE9h FSROL FCOh — @
FE8h WREG FC8h —@
FE7h| INDF1® FC7h —@
FE6h | POSTINC1® FC6h — @
FE5h | POSTDEC1® FC5h —@
FE4h| PREINC1® FC4h| ADRESH
FE3h| PLUSW1(® FC3h| ADRESL
FE2h FSR1H FC2h| ADCONO
FE1h FSRIL FC1h| ADCON1
FEOh BSR FCOh| ADCON2

Note 1. This is not a physical register.
2:  Unimplemented registers are read as ‘0’.

Address Name Address Name
FBFh —@ FOFh IPR1
FBEh — @ FOEh PIR1
FBDh —@ F9Dh PIE1
FBCh —@ FOCh —@
FBBh — @ FOBh| OSCTUNE
FBAh —@ FOAh| PTCONO
FBYh —@ F99h| PTCON1
FB8h| BAUDCON Fosh| PTMRL
FB7h —@ F97h| PTMRH
FB6h —@ Fo6h| PTPERL
FB5h| CVRCON F95h| PTPERH
FB4h| CMCON F94h —@
FB3h —@ F93h TRISB
FB2h — @ F92h TRISA
FB1h —@ F91h PDCOL
FBOh| SPBRGH F90h| PDCOH
FAFh| SPBRG F8Fh PDC1L
FAEh| RCREG F8Eh| PDC1H
FADh| TXREG F8Dh PDC2L
FACh TXSTA F8Ch| PDC2H
FABh| RCSTA F8Bh| FLTCONFIG
FAAh —@ F8Ah LATB
FASh| EEADR F89h LATA
FA8h| EEDATA F88h| SEVTCMPL
FA7h| EECON2( F87h| SEVTCMPH
FA6h| EECON1 F86h| PWMCONO
FA5h IPR3 F85h| PWMCON1
FA4h PIR3 F84h| DTCON
FA3h PIE3 F83h| OVDCOND
FA2h IPR2 F82h| OVDCONS
FA1h PIR2 F81h| PORTB
FAOh PIE2 F80h| PORTA

DS39758D-page 60
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NOTES:
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13.2 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T1OSO/TICKI (amplifier output). The place-
ment of these pins depends on the value of Configuration
bit, T1OSCMX (see Section 20.1 “Configuration
Bits”). It is enabled by setting control bit TIOSCEN
(T1CON<3>). The oscillator is a low-power oscillator
rated for 32 kHz crystals. It will continue to run during all
power-managed modes. The circuit for a typical LP
oscillator is shown in Figure 13-3. Table 13-1 shows the
capacitor selection for the Timer1 oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.

FIGURE 13-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR
C1
33 pF PIC18FXXXX
|—s——X+—{T10SI
— XTAL
T 32.768 kHz
——— <} T10SO/T1CKI
Cc2
33 pF
Note: See the notes with Table 13-1 for addi-
tional information about capacitor selec-

TABLE 13-1: CAPACITOR SELECTION FOR
THE TIMER OSCILLATOR

Osc Type Freq C1 Cc2

LP 32 kHz 27 pF® 27 pF®

Note 1: Microchip suggests this value as a starting
point in validating the oscillator circuit.

2: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Capacitor values are for design guidance

only.

13.2.1 USING TIMER1 AS A CLOCK
SOURCE

The Timer1 oscillator is also available as a clock source
in power-managed modes. By setting the System
Clock Select bits, SCS1:SCS0 (OSCCON<1:0>), to
‘01’, the device switches to SEC_RUN mode; both the
CPU and peripherals are clocked from the Timer1 oscil-
lator. If the IDLEN bit (OSCCON<7>) is cleared and a
SLEEP instruction is executed, the device enters
SEC_IDLE mode. Additional details are available in
Section 4.0 “Power-Managed Modes”.

Whenever the Timer1 oscillator is providing the clock
source, the Timer1 system clock status flag, TIRUN
(T1CON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timer1 oscillator fails while providing the clock, polling
the T1RUN bit will indicate whether the clock is being
provided by the Timer1 oscillator or another source.

13.3 Timerl Oscillator Layout
Considerations

The oscillator circuit, shown in Figure 13-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the
oscillator (such as the PWM pin, or the primary
oscillator using the OSC2 pin), a grounded guard ring
around the oscillator circuit, as shown in Figure 13-4,
may be helpful when used on a single-sided PCB, or in
addition to a ground plane.

FIGURE 13-4: OSCILLATOR CIRCUIT
WITH GROUNDED GUARD
RING

RB3 O—
RB2 O+

osci @ O——
osc2 @ O—

VDD O

Note: Not drawn to scale.

© 2009 Microchip Technology Inc.
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13.4 Timerl Interrupt

The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
Timer1 interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit, TMR1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing Timer1 interrupt enable bit, TMR1IE
(PIE1<0>).

13.5 Timerl 16-Bit Read/Write Mode

Timer1 can be configured for 16-bit reads and writes
(see Figure 13-2). When the RD16 control bit
(T1CON<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timer1. A read
from TMR1L will load the contents of the high byte of
Timer1 into the Timer1 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, is valid due to a rollover between reads.

A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. Timer1 high byte is
updated with the contents of TMR1H when a write
occurs to TMR1L. This allows a user to write all 16 bits
to both the high and low bytes of Timer1 at once.

The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler.
The prescaler is only cleared on writes to TMR1L.

13.6 Using Timerl as a Real-Time Clock

Adding an external LP oscillator to Timer1 (such as the
one described in Section 13.2 “Timerl Oscillator”),
gives users the option to include RTC functionality to
their applications. This is accomplished with an
inexpensive watch crystal to provide an accurate time
base and several lines of application code to calculate
the time. When operating in Sleep mode and using a
battery or super capacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.

The application code routine, RTC sr, shown in
Example 13-1, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1
register pair to overflow triggers the interrupt and calls
the routine, which increments the seconds counter by
one. Additional counters for minutes and hours are
incremented as the previous counter overflow.

Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to pre-
load it. The simplest method is to set the MSb of
TMR1H with a BSF instruction. Note that the TMR1L
register is never preloaded or altered; doing so may
introduce cumulative error over many cycles.

For this method to be accurate, Timer1 must operate in
Asynchronous mode and the Timer1 overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine, RTCi ni t . The Timer1 oscillator must also be
enabled and running at all times.

DS39758D-page 114
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FIGURE 14-21:  PWM OUTPUT OVERRIDE
EXAMPLE #1
1 2 3 4 5 6
PWM5
PWM4
PWM3
PWM2
PWM1
PWMO
TABLE 14-4:  PWM OUTPUT OVERRIDE
EXAMPLE #1
State | OVDCOND (POVD) | OVDCONS (POUT)
1 00000000b 00100100b
2 00000000b 00100001b
3 00000000b 00001001b
4 00000000b 00011000b
5 00000000b 00010010b
6 00000000b 00000110b
TABLE 14-5: PWM OUTPUT OVERRIDE
EXAMPLE #2
State | OVDCOND (POVD) | OVDCONS (POUT)
1 00000011b 00000000b
2 00110000b 00000000b
3 00111100b 00000000b
4 00001111b 00000000b
FIGURE 14-22:  PWM OUTPUT OVERRIDE
EXAMPLE #2
1.2 3" 4

PWM5

PWM4

PWM3

PWM2

PWM1

PWMO

14.11 PWM Output and Polarity Control

There are three device Configuration bits associated
with the PWM module that provide PWM output pin
control defined in the CONFIG3L register. They are:

+ HPOL
« LPOL
+ PWMPIN

These three Configuration bits work in conjunction with
the three PWM Enable bits (PWMEN2:PWMENQO) in
the PWMCONO register. The Configuration bits and
PWM enable bits ensure that the PWM pins are in the
correct states after a device Reset occurs.

14.11.1  OUTPUT PIN CONTROL

The PWMEN2:PWMENO control bits enable each
PWM output pin as required in the application.

All PWM 1/0O pins are general purpose I/O. When a pair
of pins is enabled for PWM output, the PORT and TRIS
registers controlling the pins are disabled. Refer to
Figure 14-23 for details.

14.11.2 OUTPUT POLARITY CONTROL

The polarity of the PWM I/O pins is set during device
programming via the HPOL and LPOL Configuration
bits in the CONFIG3L register. The HPOL Configura-
tion bit sets the output polarity for the high side PWM
outputs: PWM1, PWM3 and PWMS5. The polarity is
active-high when HPOL is set (= 1) and active-low
when it is cleared (= 0).

The LPOL Configuration bit sets the output polarity for
the low side PWM outputs: PWMO0, PWM2 and PWM4.
As with HPOL, they are active-high when LPOL is set
and active-low when cleared.

All output signals generated by the PWM module are
referenced to the polarity control bits, including those
generated by Fault inputs or manual override (see
Section 14.10 “PWM Output Override”).

The default polarity Configuration bits have the PWM
I/O pins in active-high output polarity.

© 2009 Microchip Technology Inc.
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TABLE 15-3: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC = 0, BRGH = 0, BRG16 = 0
iﬁg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
K) | Actual SPBRG | Actual SPBRG | Actual SPBRG | Actual o, SPBRG
R(;t)e Error (d\:eacli;eal) RZit)e Error (d\(/aili:"lzl) Fe(it)e Error (d\(/ailirwzl) R(;t)e Error (d\:eacli;eal)
03 — — — — — — — — — — — —
1.2 — — — 1221 173 255 | 1202  0.16 129 | 1201  -016 103
24 | 2441 173 255 | 2.404  0.16 129 | 2404  0.16 64 2403 -0.16 51
96 | 9615  0.16 64 9766  1.73 31 9766  1.73 15 9615  -0.16 12
19.2 | 19531  1.73 31 19.531 173 15 | 19531 1.73 — — —
57.6 | 56.818 -1.36 10 | 62.500  8.51 4 52083 -9.58 — — —
115.2 |125.000 8.51 4 |104.167 -9.58 2 78125 -32.18 — — —
SYNC =0, BRGH = 0, BRG16 = 0
iﬁg FoSsC = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
W [mue o omlame o smolama s
(K) Error (decimal) (K) Error (decimal) (K) Error (decimal)
03 | 0300 0.16 207 | 0300 016 103 | 0300 -0.16 51
12 | 1202 0.6 51 1201 -0.16 25 1201 -0.16 12
24 | 2404 0.6 25 2403  -0.16 12 — — —
96 | 8929 -6.99 6 — — — — — —
19.2 | 20.833  8.51 2 — — — — — —
57.6 | 62.500  8.51 0 — — — — — —
1152 | 62.500 -45.75 0 — — — — — —
SYNC =0, BRGH = 1, BRG16 = 0
iﬁg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
K) | Actual SPBRG | Actual  ,  SPBRG | Actual SPBRG | Actual o, SPBRG
F\Eit)e Error (d\;acll ;e;ll) R(it)e Error (d\(léill :’I?il) F\E;t)e Error (d\(laill :’I?il) F\Eit)e Error (d\;acll ;eal)
03 — — — — — — — — — — — —
1.2 — — — — — — — — — — — —
2.4 — — — — — — 2441 173 255 | 2403 -016 207
96 | 9766 173 255 | 9615  0.16 129 | 9615  0.16 64 9615  -0.16 51
19.2 | 19.231  0.16 129 | 19.231  0.16 64 | 19531  1.73 31 | 19.230 -0.16 25
57.6 | 58.140  0.94 42 | 56818 -1.36 21 | 56818  -1.36 10 | 55555  3.55 8
1152 | 113.636  -1.36 21 | 113636 -1.36 10 [125.000 8.51 4 — — —
SYNC =0, BRGH = 1, BRG16 = 0
iﬁé’ FOSC = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
O | ene % e | rate % vawe | Rete % vame
(K) Error (decimal) (K) Error (decimal) (K) Error (decimal)
03 —_ —_ — — —_ —_ 0300 -0.16 207
12 | 1202 0.6 207 | 1201 016 103 | 1201 -0.16 51
24 | 2404 0.6 103 | 2403  -0.16 51 2403  -0.16 25
96 | 9615  0.16 25 9615  -0.16 12 — — —
19.2 | 19231  0.16 12 — — — — — —
576 | 62500  8.51 3 — — — — — —
115.2 |125.000 8.51 1 - - - - - -

© 2009 Microchip Technology Inc.
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15.2.41 Special Considerations Using

Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RX/DT, information with any state changes
before the Stop bit may signal a false End-of-Character
and cause data or framing errors. To work properly,
therefore, the initial characters in the transmission must
be all ‘0’s. This can be 00h (8 bits) for standard RS-232
devices or 000h (12 bits) for LIN/J2602 bus.

Oscillator start-up time must also be considered,
especially in applications using oscillators with longer
start-up intervals (i.e., XT or HS mode). The Sync
Break (or Wake-up Signal) character must be of
sufficient length and be followed by a sufficient interval
to allow enough time for the selected oscillator to start
and provide proper initialization of the EUSART.

FIGURE 15-8:

15.2.4.2  Special Considerations Using

the WUE Bit

The timing of WUE and RCIF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the
EUSART in an Idle mode. The wake-up event causes a
receive interrupt by setting the RCIF bit. The WUE bit is
cleared after this when a rising edge is seen on RX/DT.
The interrupt condition is then cleared by reading the
RCREG register. Ordinarily, the data in RCREG will be
dummy data and should be discarded.

The fact that the WUE bit has been cleared (or is still
set) and the RCIF flag is set should not be used as an
indicator of the integrity of the data in RCREG. Users
should consider implementing a parallel method in
firmware to verify received data integrity.

To assure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering the Sleep mode.

AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION

.Q1|a2|as3|a4,a1|Q2 a3|a4,a1|a2|a3|as4,a1|a2|a3|a4, 1| 2| 3| Q4,01]a2]a3|a4,Q1]Q2| Q3] Q4,1 Q2] Q3| Q4,a1|Q2| Q3| 4, Q1| 2| a3|a4,
osc1 /My uwuwuUuyyuyuyUuUhuuUu L

Bit Set by User —
WUE bit®

! : Auto-Cleared
"

RCIF

) N

RX/DT Line 7 222225222

s

Note 1: The EUSART remains in Idle while the WUE bit is set.

) i—

Cleared Due to User Read of RCREG —*

FIGURE 15-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

\Q1|Q2|a3|a4;Q1|Q2|Q3|a4,a1|Q2|Q3| a4, Q1 |Q2|@3|Q4,a1|a2|Qs|a4,Q1|Q2|@3|4,Q1|Q2|Q3|Q4, Q1| Q2| Q3|Q4,
SR RAWAUAWAWRWRWRWAWAWANRW AW, \J—\_/—\_/’\J_\J—\_/’\J_\J_\J—\_/’\J_\J_\_/’L/’\J—\J_\IU—U—\_
. Bit Set by User . . . L L Auto-Cleared .
WUE bit® . s . . — : }/ . :
RX/DT Line 7 . - . : . (70 iy 1 . -
RCIF ' , . , : N . .

: - - ? T Cleared Due to User Read of RCREG —*

Sleep Command Executed Sleep Ends
Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the oscillator is ready. This
sequence should not depend on the presence of Q clocks.
2:  The EUSART remains in Idle while the WUE bit is set.
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16.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has
4 inputs for the 18/20/28-pin devices. This module
allows conversion of an analog input signal to a
corresponding 10-bit digital number in PIC18F1230/
1330 devices.

The module has five registers:

* A/D Result Register High Byte (ADRESH)
» A/D Result Register Low Byte (ADRESL)
» A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

» A/D Control Register 2 (ADCON2)

REGISTER 16-1:

The ADCONO register, shown in Register 16-1,
controls the operation of the A/D module. The
ADCONT1 register, shown in Register 16-2, configures
the functions of the port pins. The ADCON2 register,
shown in Register 16-3, configures the A/D clock
source, programmed acquisition time and justification.

ADCONO: A/D CONTROL REGISTER O

R/W-0 uU-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
SEVTEN — — — CHS1 CHSO GO/DONE ADON
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 SEVTEN: Special Event Trigger Enable bit

1 = Special Event Trigger from Power Control PWM module is enabled
0 = Special Event Trigger from Power Control PWM module is disabled (default)

bit 6-4
bit 3-2

Unimplemented: Read as ‘0’
CHS1:CHSO0: Analog Channel Select bits
00 = Channel 0 (ANO)

01 = Channel 1 (AN1)

10 = Channel 2 (AN2)

11 = Channel 3 (AN3)

bit 1 GO/DONE: A/D Conversion Status bit
When ADON = 1:

1 = A/D conversion in progress

0 =A/D Idle

bit 0 ADON: A/D On bit

1 = A/D Converter module is enabled
0 = A/D Converter module is disabled

© 2009 Microchip Technology Inc.
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BNOV Branch if Not Overflow BNZ Branch if Not Zero
Syntax: BNOV n Syntax: BNZ n
Operands: -128 <n <127 Operands: -128 <n <127
Operation: if Overflow bit is ‘0’, Operation: if Zero bitis ‘0’,
(PC)+2+2n—>PC (PC)+2+2n—>PC
Status Affected: None Status Affected: None
Encoding: ‘ 1110 | 0101 ‘ nnnn | nnnn ‘ Encoding: ‘ 1110 | 0001 ‘ nnnn | nnnn ‘
Description: If the Overflow bit is ‘0’, then the Description: If the Zero bit is ‘0’, then the program
program will branch. will branch.
The 2’'s complement number ‘2n’ is The 2’'s complement number 2n’ is
added to the PC. Since the PC will have added to the PC. Since the PC will have
incremented to fetch the next incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is then a PC + 2 + 2n. This instruction is then a
two-cycle instruction. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to Decode Read literal Process Write to
‘n’ Data PC ‘n’ Data PC
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
‘n’ Data operation n’ Data operation
Example: HERE BNOV Junp Example: HERE BNZ Junp
Before Instruction Before Instruction
PC = address (HERE) PC =  address ( HERE)
After Instruction After Instruction
If Overflow = 0; If Zero = 0;
PC = address (Junp) PC = address (Junp)
If Overflow = 1; If Zero = 1;
PC = address (HERE + 2) PC = address (HERE + 2)
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INCFSZ Increment f, Skip if O INFSNZ Increment f, Skip if Not O
Syntax: INCFSZ f{d {,a}} Syntax: INFSNZ  f{,d {,a}
Operands: 0<f<255 Operands: 0<f<255

de[0,1] de[0,1]

ae[0,1] ae[0,1]
Operation: (f) + 1 > dest, Operation: (f) + 1 dest,

skip if result = 0
Status Affected: None
\ 0011 | 11da ‘ fEff | fFEFf ‘

The contents of register ‘' are
incremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register f".

If the result is ‘0’, the next instruction,
which is already fetched, is discarded
and a NOP is executed instead, making
it a two-cycle instruction.

If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is '1’, the BSR is used to select the
GPR bank.

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Encoding:

Description:

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No

operation operation operation operation
If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No

operation operation operation operation

Example: HERE | NCFSZ CNT, 1, O
NZERO
ZERO
Before Instruction
PC =  Address ( HERE)
After Instruction
CNT = CNT+1
IfCNT = O
PC = Address (ZERO
IfCNT = O
PC = Address ( NZERO)

skip if result = 0
Status Affected: None
| 0100 | 10da | FEff | fref |

The contents of register ‘' are
incremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register f'.

If the result is not ‘0’, the next
instruction, which is already fetched, is
discarded and a NOP is executed
instead, making it a two-cycle
instruction.

If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Encoding:

Description:

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No

operation operation operation operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4

No No No No
operation operation operation operation

No No No No

operation operation operation operation

Example: HERE INFSNZ REG, 1, O
ZERO
NZERO
Before Instruction
PC =  Address ( HERE)
After Instruction
REG = REG+1
fREG =# O
PC = Address ( NZERO)
IfREG = O
PC =  Address (ZERO

© 2009 Microchip Technology Inc.

DS39758D-page 237



PIC18F1230/1330

22.2

In addition to the standard 75 instructions of the PIC18
instruction set, PIC18F1230/1330 devices also provide
an optional extension to the core CPU functionality.
The added features include eight additional instruc-
tions that augment indirect and indexed addressing
operations and the implementation of Indexed Literal
Offset Addressing mode for many of the standard
PIC18 instructions.

Extended Instruction Set

The additional features of the extended instruction set
are disabled by default. To enable them, users must set
the XINST Configuration bit.

The instructions in the extended set (with the exception
of CALLW MOVSF and MOVSS) can all be classified as
literal operations, which either manipulate the File
Select Registers, or use them for indexed addressing.
Two of the instructions, ADDFSR and SUBFSR, each
have an additional special instantiation for using FSR2.
These versions (ADDULNK and SUBULNK) allow for
automatic return after execution.

The extended instructions are specifically implemented
to optimize re-entrant program code (that is, code that
is recursive or that uses a software stack) written in
high-level languages, particularly C. Among other
things, they allow users working in high-level
languages to perform certain operations on data
structures more efficiently. These include:

» Dynamic allocation and deallocation of software
stack space when entering and leaving
subroutines

* Function Pointer invocation
» Software Stack Pointer manipulation

* Manipulation of variables located in a software
stack

A summary of the instructions in the extended instruction
set is provided in Table 22-3. Detailed descriptions are
provided in Section 22.2.2 “Extended Instruction
Set”. The opcode field descriptions in Table 22-1
(page 216) apply to both the standard and extended
PIC18 instruction sets.

The instruction set extension and the
Indexed Literal Offset Addressing mode
were designed for optimizing applications
written in C; the user may likely never use
these instructions directly in the assem-
bler. The syntax for these commands is
provided as a reference for users who may
be reviewing code that has been

Note:

generated by a compiler.

22.21 EXTENDED INSTRUCTION SYNTAX

Most of the extended instructions use indexed
arguments, using one of the File Select Registers and
some offset to specify a source or destination register.
When an argument for an instruction serves as part of
indexed addressing, it is enclosed in square brackets
(“[T)- This is done to indicate that the argument is used
as an index or offset. The MPASM™ Assembler will
flag an error if it determines that an index or offset value
is not bracketed.

When the extended instruction set is enabled, brackets
are also used to indicate index arguments in byte-
oriented and bit-oriented instructions. This is in addition
to other changes in their syntax. For more details, see
Section 22.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”.

Note: In the past, square brackets have been
used to denote optional arguments in the
PIC18 and earlier instruction sets. In this

text and going forward, optional

arguments are denoted by braces (‘{ }").

TABLE 22-3: EXTENSIONS TO THE PIC18 INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles
Operands MSb LSb Affected
ADDFSR  f, k Add Literal to FSR 1 1110 1000 ffkk kkkk None
ADDULNK  k Add Literal to FSR2 and Return 2 1110 1000 11kk kkkk None
CALLW Call Subroutine using WREG 2 0000 0000 0001 0100 None
MOVSF zs, fy |Move zg (source) to  1st word 2 1110 1011 0zzz zzzz None
fy4 (destination) 2nd word 1111 ffff ffff ffff
MOVSS Zs, zq4 |Move zg (source) to 1st word 2 1110 1011 1zzz zzzz None
z4 (destination) 2nd word 1111 XXXX Xzzz 2zzzZ2
PUSHL k Store Literal at FSR2, 1 1110 1010 Kkkkk kkkk None
Decrement FSR2
SUBFSR f, k Subtract Literal from FSR 1 1110 1001 ffkk kkkk None
SUBULNK  k Subtract Literal from FSR2 and 2 1110 1001 11kk Kkkkk None
Return
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23.2 DC Characteristics: Power-Down and Supply Current
PIC18F1230/1330 (Industrial)
PIC18LF1230/1330 (Industrial) (Continued)
PIC18LF1230/1330 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
Standard Operating Conditions (unless otherwise stated)
Plc(lliziztSri(ZIBESxotended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
P;a\lrgm Device Typ | Max | Units Conditions
Supply Current (Ipp)@
PIC18LF1230/1330| 15 | 28.1 pA -40°C
15 | 28.1 pA +25°C VDD = 2.0V
15 | 28.1 pA +85°C
PIC18LF1230/1330| 40 54 pA -40°C
35 | 54 | A +25°C VDD = 3.0V Fosc = 31 kHz
" (RC_RUN mode,
30 54 A +85°C INTRC source)
All devices| 105 | 149 pA -40°C
90 149 pA +25°C
VDD = 5.0V
80 149 pA +85°C
Extended devices only| 80 249 pA +125°C
PIC18LF1230/1330| 0.32 | 0.93 | mA -40°C
0.33 | 0.93 | mA +25°C VDD = 2.0V
0.33 | 0.93 | mA +85°C
PIC18LF1230/1330| 0.6 | 1.03 | mA -40°C
055 | 1.03 | mA +25°C VDD = 3.0V Fosc = 1 MHz
S (RC_RUN mode,
06 | 1.03 | mA +85°C INTOSC source)
All devices| 1.1 2.03 | mA -40°C
1.1 | 203 | mA +25°C
VDD = 5.0V
1.0 | 203 | mA +85°C
Extended devices only| 1 3.3 mA +125°C

Note 1:

The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that
add delta current disabled (such as WDT, Timer1 oscillator, BOR, etc.).
The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin
loading and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have
an impact on the current consumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD or VSSs;

MCLR = VbD; WDT enabled/disabled as specified.
Low-power Timer1 oscillator selected.
BOR and LVD enable internal band gap reference. With both modules enabled, current consumption will be less
than the sum of both specifications.
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23.2 DC Characteristics: Power-Down and Supply Current
PIC18F1230/1330 (Industrial)
PIC18LF1230/1330 (Industrial) (Continued)

PIC18LF1230/1330 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
Standard Operating Conditions (unless otherwise stated)
Plc(lliziztSri(ZIBESxotended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
P;a\lrgm Device Typ | Max | Units Conditions
Supply Current (Ipp)@
PIC18LF1230/1330| 0.8 | 1.83 | mA -40°C
0.8 | 1.83 | mA +25°C VDD = 2.0V
0.8 | 1.83 | mA +85°C
PIC18LF1230/1330| 1.3 | 2.93 | mA -40°C
13 [ 293 | mA +25°C VDD = 3.0V Fosc =4 MHz
" (RC_RUN mode,
13 | 293 | mA +85°C INTOSC source)
All devices| 2.5 | 4.73 | mA -40°C
25 | 473 | mA +25°C
VDD = 5.0V
25 | 473 | mA +85°C
Extended devices only| 2.5 | 10.0 | mA +125°C
PIC18LF1230/1330| 2.9 7.6 pA -40°C
3.1 7.6 pA +25°C VDD = 2.0V
36 | 106 | pA +85°C
PIC18LF1230/1330| 4.5 | 106 | pA -40°C
48 | 106 | pA +25°C VDD = 3.0V Fosc =31 kHz
S (RC_IDLE mode,
58 | 146 | pA +85°C INTRC source)
All devices| 9.2 | 15.6 pA -40°C
9.8 | 156 | pA +25°C
VDD = 5.0V
1.4 | 356 | pA +85°C
Extended devices only| 21 179 pA +125°C

Note 1: The power-down currentin Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that
add delta current disabled (such as WDT, Timer1 oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin
loading and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have
an impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD or VSSs;
MCLR = VbD; WDT enabled/disabled as specified.

3:  Low-power Timer1 oscillator selected.

4: BOR and LVD enable internal band gap reference. With both modules enabled, current consumption will be less
than the sum of both specifications.
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23.3

DC Characteristics: PIC18F1230/1330 (Industrial)

PIC18LF1230/1330 (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for extended

Pzr:m Symbol Characteristic Min Max Units Conditions
VIL Input Low Voltage
1/0 ports:
D030 with TTL buffer Vss 0.15VbD V |VDD <4.5V
DO030A — 0.8 V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss 0.2 VbD \Y
DO31A RC3 and RC4 Vss 0.3VbD | V [I°C™ enabled
D031B Vss 0.8 V |SMBus enabled
D032 MCLR Vss 0.2 VDD \Y
D033 OSscC1 Vss 0.3 VDD V  |HS, HSPLL modes
DO33A 0sc1 Vss 0.2Vop | V |RC,EC modes®
D033B 0SsC1 Vss 0.3 V  [XT, LP modes
D034 T1CKI Vss 0.3 \Y
VIH Input High Voltage
1/0 ports:
D040 with TTL buffer 0.25 Vbp + 0.8V VDD V VDD <4.5V
D040A 2.0 VDD V |45V <VDD <5.5V
D041 with Schmitt Trigger buffer 0.8 VbD VDD \Y,
D041A RC3 and RC4 0.7 VbD VDD V  |I2C enabled
D041B 2.1 VDD 12C enabled
D042 MCLR 0.8 VDD VDD \Y
D043 OScC1 0.7 VbD VDD V  |HS, HSPLL modes
D043A 0OSC1 0.8 VbD VDD V |EC mode
D043B 0sC1 0.9 VbD VDD V  |RC mode®
D043C 0oscC1 1.6 VDD V  [XT, LP modes
D044 T1CKI 1.6 VDD \Y
L Input Leakage Current?3)
D060 1/O ports — +200 nA |Vss <5.5V
Vss < VPIN < VDD
Pin at high-impedance
+50 nA |Vss <3V
Vss < VPIN < VDD
Pin at high-impedance
D061 MCLR — +1 pA |Vss <VPIN < VDD
D063 0OSCH1 — +1 pA |Vss <VPIN < VDD
IPU Weak Pull-up Current
D070 |lPurB |PORTB weak pull-up current 50 400 pA | VDD =8V, VPIN =Vss
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC® device be driven with an external clock while in RC mode.

2:  The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3:  Negative current is defined as current sourced by the pin.
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20-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

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

D

T

NOTE 1

—| L1 |~ —] |
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 6.90 7.20 7.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-072B
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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

EXPOSED
PAD ‘

S V7777 B NSNS
000 TN f
VAN N
ok B OUNNN !
////// 1 1 \“
Lz //%X ORRR i
\ N N \ f
NOTE 1 S
TOP VIEW BOTTOM VIEW

1 B! ‘

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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APPENDIX A: REVISION HISTORY

Revision A (November 2005)

Original data sheet for PIC18F1230/1330 devices.

Revision B (February 2006)

Data bank information was updated and a note was

added for calculating the PCPWM duty cycle.

TABLE A-1:

Revision C (March 2007)

Updated Section 23.0 “Electrical Characteristics”
and Section 24.0 “Packaging Information”.

Revision D (November 2009)

Updated LIN 1.2 to LIN/J2602 throughout document
along with minor corrections throughout document.
Added the PIC18LF1230 and PIC18LF1330 devices.
Refer to Table A-1 for additional revision history.

SECTION REVISION HISTORY

Section Name

Update Description

Section 1.0 “Device Overview”

Updated Table 1-2

Section 6.0 “Memory Organization”

Updated Table 6-2

Section 7.0 “Flash Program Memory”

Updated Section 7.2.4 “Table Pointer Boundaries”, Figure 7-3

Section 8.0 “Data EEPROM Memory”

Updated Section 8.2 “EECON1 and EECON2 Registers”,
Section 8.8 “Using the Data EEPROM”

Section 10.0 “1/O Ports”

Updated Section 10.2 “PORTB, TRISB and LATB Registers”

Section 14.0 “Power Control PWM Module”

Updated Register 14-6, Section 14.11.2 “Output Polarity Con-
trol”

Section 15.0 “Enhanced Universal Synchro-
nous Asynchronous Receiver Transmitter
(EUSART)”

Updated Register 15-3, Section 15.1 “Baud Rate Generator
(BRG)”, Table 15-2, Section 15.1.3 “Auto-Baud Rate Detect”,
Section 15.2 “EUSART Asynchronous Mode”, Table 15-5,
Table 15-6, Section 15.3 “EUSART Synchronous Master
Mode”, Figure 15-11, Table 15-7, Figure 15-13, Table 15-8,
Table 15-9, Table 15-10

Section 16.0 “10-Bit Analog-to-Digital Con-
verter (A/D) Module”

Updated Register 16-2

Section 17.0 “Comparator Module”

Updated Figure 17-2

Section 18.0 “Comparator Voltage Refer-
ence Module”

Updated Section 18.1 “Configuring the Comparator Voltage
Reference”, Register 18-1, Figure 18-1

Section 20.0 “Special Features of the CPU”

Updated Register 20-6, Register 20-13, Register 20-14

Section 22.0 “Instruction Set Summary”

Updated Table 22-2

Section 23.0 “Electrical Characteristics”

Updated Table 23-1, Figure 23-3, Table 23-2, Table 23-3, Table 23-
4, Table 23-5, Table 23-6, Table 23-8, Table 23-14, Table 23-15
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