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PIC18F2221/2321/4221/4321 FAMILY

TABLE 1-2: PIC18F2221/2321 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name SPDIP, TPm BTuffer Description
SoIC, | QFN | 'Ype| Type
SSOP
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO/AN12 21 18
RBO /O | TTL Digital I/0.
INTO | ST External Interrupt 0.
FLTO | ST PWM Fault input for CCP1.
AN12 I |Analog| Analog Input 12.
RB1/INT1/AN10 22 19
RB1 /O | TTL Digital I/0.
INT1 | ST External Interrupt 1.
AN10 I |Analog| Analog Input 10.
RB2/INT2/AN8 23 20
RB2 /O | TTL Digital I/0.
INT2 | ST External Interrupt 2.
AN8 I |Analog| Analog Input 8.
RB3/AN9/CCP2 24 21
RB3 /O | TTL Digital I/0.
AN9 I |Analog| Analog Input 9.
ccp22 I/10 ST Capture 2 input/Compare 2 output/PWM2 output.
RB4/KBIO/AN11 25 22
RB4 /O | TTL Digital I/0.
KBIO | TTL Interrupt-on-change pin.
AN11 I |Analog| Analog Input 11.
RB5/KBI1/PGM 26 23
RB5 /O | TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
PGM 10 ST Low-Voltage ICSP™ programming enable pin.
RB6/KBI2/PGC 27 24
RB6 /O | TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC I/1O ST In-circuit debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28 25
RB7 /O | TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD I/1O ST In-circuit debugger and ICSP programming data pin.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input P = Power
[’C = ST with I’C™ or SMB levels o = Output

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared.
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3.6.4 PLL IN INTOSC MODES

The 4x Phase Locked Loop (PLL) can be used with the
internal oscillator block to produce faster device clock
speeds than are normally possible with the internal
oscillator sources. When enabled, the PLL produces a
clock speed of 16 MHz or 32 MHz.

Unlike HSPLL mode, the PLL is controlled through
software. The control bit, PLLEN (OSCTUNE<6>), is
used to enable or disable its operation. If PLL is
enabled and a Two-Speed Start-up from wake is
performed, execution is delayed until the PLL starts.

The PLL is available when the device is configured to
use the internal oscillator block as its primary clock
source (FOSC<3:0> = 1001 or 1000). Additionally, the
PLL will only function when the selected output fre-
quency is either 4 MHz or 8 MHz (OSCCON<6:4>=111
or 110). If both of these conditions are not met, the PLL
is disabled and the PLLEN bit remains clear (writes are
ignored).

3.6.5 INTOSC FREQUENCY DRIFT

The factory calibrates the internal oscillator block
output (INTOSC) for 8 MHz. However, this frequency
may drift as VDD or temperature changes and can
affect the controller operation in a variety of ways. It is
possible to adjust the INTOSC frequency by modifying
the value in the OSCTUNE register. This has no effect
on the INTRC clock source frequency.

Tuning the INTOSC source requires knowing when to
make the adjustment, in which direction it should be
made and in some cases, how large a change is
needed. Three compensation techniques are discussed
in Section 3.6.5.1 “Compensating with the
EUSART”, Section 3.6.5.2 “Compensating with the
Timers” and Section 3.6.5.3 “Compensating with the
CCP Module in Capture Mode” but other techniques
may be used.

REGISTER 3-1: OSCTUNE: OSCILLATOR TUNING REGISTER
R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INTSRC | PLLEN() — TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
bit 7 INTSRC: Internal Oscillator Low-Frequency Source Select bit

1 = 31.25 kHz device clock derived from 8 MHz INTOSC source (divide-by-256 enabled)
0 = 31 kHz device clock derived directly from INTRC internal oscillator

bit 6 PLLEN: Frequency Multiplier PLL for INTOSC Enable bit(1)
1 = PLL enabled for INTOSC (4 MHz and 8 MHz only)

0 = PLL disabled

Note 1: Available only in certain oscillator configurations; otherwise, this bit is unavailable
and reads as ‘0’. See Section 3.6.4 “PLL in INTOSC Modes” for details.

bit 5 Unimplemented: Read as ‘0’

bit 4-0 TUN<4:0>: Frequency Tuning bits

01111 = Maximum frequency

00001

00000 = Center frequency. Oscillator module is running at the calibrated frequency.

11111

10000 = Minimum frequency

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

© 2009 Microchip Technology Inc.
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3.6.5.1 Compensating with the EUSART

An adjustment may be required when the EUSART
begins to generate framing errors or receives data with
errors while in Asynchronous mode. Framing errors
indicate that the device clock frequency is too high. To
adjust for this, decrement the value in OSCTUNE to
reduce the clock frequency. On the other hand, errors
in data may suggest that the clock speed is too low. To
compensate, increment OSCTUNE to increase the
clock frequency.

3.6.5.2 Compensating with the Timers

This technique compares device clock speed to some
reference clock. Two timers may be used; one timer is
clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timer1 oscillator.

Both timers are cleared, but the timer clocked by the
reference generates interrupts. When an interrupt
occurs, the internally clocked timer is read and both
timers are cleared. If the internally clocked timer value
is much greater than expected, then the internal
oscillator block is running too fast. To adjust for this,
decrement the OSCTUNE register.

3.6.5.3 Compensating with the CCP Module
in Capture Mode

A CCP module can use free running Timer1 (or
Timer3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power
frequency). The time of the first event is captured in the
CCPRxH:CCPRXxL registers and is recorded for use
later. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated.

If the measured time is much greater than the
calculated time, the internal oscillator block is running
too fast. To compensate, decrement the OSCTUNE
register. If the measured time is much less than the
calculated time, the internal oscillator block is running
too slow. To compensate, increment the OSCTUNE
register.

DS39689F-page 34
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REGISTER 3-2: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-1 R/W-0 R/W-0 R(M R-0 R/W-0 R/W-0
IDLEN IRCF2 IRCF1 IRCFO OSTS IOFS SCS1 SCS0
bit 7 bit 0

bit 7 IDLEN: Idle Enable bit

1 = Device enters an Idle mode when a SLEEP instruction is executed
0 = Device enters Sleep mode when a SLEEP instruction is executed

bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits
111 = 8 MHz (INTOSC drives clock directly)

110 = 4 MHz
101 = 2 MHz

100 = 1 MHz®
011 = 500 kHz
010 = 250 kHz
001 = 125 kHz

000 = 31 kHz (from either INTOSC/256 or INTRC directly)(z)
bit 3 OSTS: Oscillator Start-up Time-out Status bit(1)

1 = Oscillator Start-up Timer (OST) time-out has expired; primary oscillator is running
0 = Oscillator Start-up Timer (OST) time-out is running; primary oscillator is not ready

bit 2 IOFS: INTOSC Frequency Stable bit

1 = INTOSC frequency is stable
0 = INTOSC frequency is not stable

bit 1-0 SCS<1:0>: System Clock Select bits

1x = Internal oscillator block
01 = Secondary (Timer1) oscillator
00 = Primary oscillator

Note 1: Reset state depends on state of the IESO Configuration bit.
2: Source selected by the INTSRC bit (OSCTUNE<7>), see text.
3: Default output frequency of INTOSC on Reset.

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
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Example 9-3 shows the sequence to do a 16 x 16
unsigned multiplication. Equation 9-1 shows the
algorithm that is used. The 32-bit result is stored in four
registers (RES3:RESO).

EQUATION 9-1: 16 x 16 UNSIGNED
MULTIPLICATION
ALGORITHM

ARGIH:ARGIL « ARG2H:ARG2L
(ARG1H e ARG2H ¢ 216) +
(ARGIH o ARG2L e 2%) +
(ARGIL o ARG2H e 28%) +
(ARGIL » ARG2L)

RES3:RESO

EXAMPLE 9-3: 16 x 16 UNSIGNED
MULTIPLY ROUTINE

MOVF ARG1L, W

MULWE ARG2L ; ARGIL * ARG2L->
; PRODH:PRODL

MOVEFEF PRODH, RES1 ;

MOVEFEF PRODL, RESO ;

MOVF ARG1H, W

MULWE ARG2H ; ARG1H * ARG2H->
; PRODH:PRODL

MOVEFEF PRODH, RES3 ;

MOVEFEF PRODL, RES2 ;

MOVF ARG1L, W

MULWEF ARG2H ; ARG1L * ARG2H->
; PRODH:PRODL

MOVF PRODL, W ;

ADDWF RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWEC RES2, F ;

CLRF WREG ;

ADDWFC RES3, F ;

MOVF ARG1H, W ;
MULWF ARG2L ; ARG1H * ARG2L->
; PRODH:PRODL

MOVF PRODL, W ;

ADDWF RES1, F ; Add cross

MOVF PRODH, W ; products
ADDWEC RES2, F ;

CLRF WREG ;

ADDWFC 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
(RES3:RESO0). To account for the sign bits of the
arguments, the MSb for each argument pair is tested
and the appropriate subtractions are done.

EQUATION 9-2: 16 x 16 SIGNED

MULTIPLICATION
ALGORITHM

RES3:RESO =

ARGIH:ARGIL ¢ ARG2H:ARG2L

= (ARGIH » ARG2H o 216) +

(ARGIH o ARG2L  2%) +

(ARGIL e ARG2H e 2%) +

(ARGIL » ARG2L) +

(-1 « ARG2H<7> « ARGIH:ARGIL » 2'%) +
(-1 « ARGIH<7> ¢ ARG2H:ARG2L o 2!%)

EXAMPLE 9-4: 16 x 16 SIGNED

MULTIPLY ROUTINE

MOVF ARG1L, W

MULWEF ARG2L ; ARGLL * ARG2L ->
; PRODH:PRODL

MOVFF PRODH, RES1 ;

MOVFF PRODL, RESO ;

MOVF ARG1H, W

MULWF ARG2H ; ARG1H * ARG2H ->
; PRODH:PRODL

MOVFF PRODH, RES3 ;

MOVFF PRODL, RES2 ;

MOVF ARG1L, W

MULWF ARG2H ; ARGLL * ARG2H ->
; PRODH:PRODL

MOVF PRODL, W ;

ADDWF RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWFC RES2, F ;

CLRF WREG ;

ADDWFC RES3, F ;

MOVF ARG1H, W ;

MULWEF ARG2L ; ARGI1H * ARG2L ->
; PRODH:PRODL

MOVF PRODL, W ;

ADDWF RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWFC RES2, F ;

CLRF WREG ;

ADDWFC RES3, F ;

BTEFE'SS ARG2H, 7 ; ARG2H:ARG2L neg?

BRA SIGN ARGl ; no, check ARGl

MOVF ARG1L, W ;

SUBWE RES2 ;

MOVF ARG1H, W ;

SUBWFB RES3

SIGN ARGL

BTFEFSS ARG1H, 7 ; ARG1H:ARG1L neg?

BRA CONT CODE ; no, done

MOVF ARG2L, W ;

SUBWE RES2 ;

MOVF ARG2H, W ;

SUBWEFB RES3

CONT CODE
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11.0 1/O 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 register)
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/O port, without the
interfaces to other peripherals, is shown in Figure 11-1.

FIGURE 11-1: GENERIC I/O PORT
OPERATION
!

RD LAT \\FJ
Data
Bus D Q ; ; EZ'
WR LAT 110 pin™
or PORT CK_\_

Data Latch

o— D Q

WR TRIS ) KL

TRIS Latch |nput
Buffer

e
RD TRIS N

///1 Q D

EN
RD PORT >C _|

Note 1: 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 (LATA) register is also memory mapped.
Read-modify-write operations on the LATA register read
and write the latched output value for PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input and one of the comparator outputs to
become the RA4/TOCKI/C10UT pin. 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 the Configuration register (see
Section 24.1 “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
comparator voltage reference output. The operation of
pins RA<3:0> and RA5 as A/D converter inputs is
selected by clearing or setting the control bits in the
ADCONT1 register (A/D Control Register 1).

Pins RAO through RAS may also be used as comparator
inputs or outputs by setting the appropriate bits in the
CMCON register. To use RA<3:0> as digital inputs, it is
also necessary to turn off the comparators.

Note: On a Power-on Reset, RA5 and RA<3:0>
are configured as analog inputs and read

as ‘0’. RA4 is configured as a digital input.

The RA4/TOCKI/C10UT pin is a Schmitt Trigger input.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

The TRISA register controls the direction of the PORTA
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:  INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by

; clearing output

; data latches
CLRF LATA ; Alternate method

; to clear output

; data latches
MOVLW OFh ; Configure all A/D
MOVWE  ADCON1 ; for digital inputs
MOVWE 07h ; Configure comparators
MOVWE  CMCON ; for digital input
MOVLW 0CFh ; Value used to

; initialize data

; direction
MOVWE TRISA ; Set RA<7:6,3:0> as inputs
; RA<5:4> as outputs

© 2009 Microchip Technology Inc.
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The CCPRxH register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPRxH and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCPx pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 16-3:

o (Fosc)
& FPwM

PWM Resolution (max) = ———bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCPx pin will not be
cleared.

TABLE 16-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58
16.4.3 PWM AUTO-SHUTDOWN 16.4.4 SETUP FOR PWM OPERATION

(CCP1 ONLY)

The PWM auto-shutdown features of the Enhanced CCP
module are also available to CCP1 in 28-pin devices. The
operation of this feature is discussed in detail in
Section 17.4.7 “Enhanced PWM Auto-Shutdown”.

Auto-shutdown features are not available for CCP2.

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing to the
CCPRXxL register and CCPxCON<5:4> bits.

3. Make the CCPx pin an output by clearing the
appropriate TRIS bit.

4. Set the TMR2 prescale value, then enable
Timer2 by writing to T2CON.

5. Configure the CCPx module for PWM operation.

© 2009 Microchip Technology Inc.
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17.4.6 PROGRAMMABLE DEAD-BAND
DELAY

Note: Programmable dead-band delay is not
implemented in 28-pin devices with
standard CCP modules.

In half-bridge applications, where all power switches
are modulated at the PWM frequency at all times, the
power switches normally require more time to turn off
than to turn on. If both the upper and lower power
switches are switched at the same time (one turned on
and the other turned off), both switches may be on for
a short period of time until one switch completely turns
off. During this brief interval, a very high current (shoot-
through current) may flow through both power
switches, shorting the bridge supply. To avoid this
potentially destructive shoot-through current from
flowing during switching, turning on either of the power
switches is normally delayed to allow the other switch
to completely turn off.

In the Half-Bridge Output mode, a digitally programmable
dead-band delay is available to avoid shoot-through
current from destroying the bridge power switches. The
delay occurs at the signal transition from the nonactive
state to the active state (see Figure 17-4 for illustra-
tion). Bits PDC<6:0> of the ECCP1DEL register
(Register 17-2) set the delay period in terms of micro-
controller instruction cycles (TCY or 4 Tosc). These bits
are not available on 28-pin devices as the standard
CCP module does not support half-bridge operation.

17.4.7 ENHANCED PWM AUTO-SHUTDOWN

When the ECCP1 is programmed for any of the
Enhanced PWM modes, the active output pins may be
configured for auto-shutdown. Auto-shutdown immedi-
ately places the Enhanced PWM output pins into a
defined shutdown state when a shutdown event occurs.

REGISTER 17-2:
R/W-0 R/W-0 R/W-0

A shutdown event can be caused by either of the
comparator modules, a low level on the Fault input pin
(FLTO) or any combination of these three sources. The
comparators may be used to monitor a voltage input
proportional to a current being monitored in the bridge
circuit. If the voltage exceeds a threshold, the
comparator switches state and triggers a shutdown.
Alternatively, a low digital signal on FLTO can also trigger
a shutdown. The auto-shutdown feature can be disabled
by not selecting any auto-shutdown sources. The auto-
shutdown sources to be used are selected using the
ECCPAS<2:0> bits (ECCP1AS<6:4>).

When a shutdown occurs, the output pins are asyn-
chronously placed in their shutdown states, specified
by the PSSAC<1:0> and PSSBD<1:0> bits
(ECCP1AS<3:0>). Each pin pair (P1A/P1C and P1B/
P1D) may be set to drive high, drive low or be tri-stated
(not driving). The ECCPASE bit (ECCP1AS<7>) is also
set to hold the Enhanced PWM outputs in their
shutdown states.

The ECCPASE bit is set by hardware when a shutdown
event occurs. If automatic restarts are not enabled, the
ECCPASE bit is cleared by firmware when the cause of
the shutdown clears. If automatic restarts are enabled,
the ECCPASE bit is automatically cleared when the
cause of the auto-shutdown has cleared.

If the ECCPASE bit is set when a PWM period begins,
the PWM outputs remain in their shutdown state for that
entire PWM period. When the ECCPASE bit is cleared,
the PWM outputs will return to normal operation at the
beginning of the next PWM period.

Note:  Writing to the ECCPASE bit is disabled
while a shutdown condition is active.

ECCP1DEL: PWM DEAD-BAND DELAY REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PRSEN | PDce!" | ppcs™ | ppca® | ppc3™ | ppc2 | ppc1®™ | ppco™
bit 7 bit 0
bit 7 PRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the ECCPASE bit clears automatically once the shutdown event
goes away; the PWM restarts automatically
0 = Upon auto-shutdown, ECCPASE must be cleared in software to restart the PWM

bit 6-0 PDC<6:0>: PWM Delay Count bits(")

Delay time, in number of FOsc/4 (4 * Tosc) cycles, between the scheduled and actual time for

a PWM signal to transition to active.

Note 1: Unimplemented on 28-pin devices; bits read ‘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
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I’C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESSING)

FIGURE 18-12
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18.4.4.5  Clock Synchronization and

the CKP bit

When the CKP bit is cleared, the SCL output is forced
to ‘0’. However, clearing the CKP bit will not assert the

already asserted the SCL line. The SCL output will
remain low until the CKP bit is set and all other
devices on the 12C bus have deasserted SCL. This
ensures that a write to the CKP bit will not violate the

SCL output low until the SCL output is already rll}glljrrr;u%_12|)9h time requirement for SCL  (see
sampled low. Therefore, the CKP bit will not assert the ’
SCL line until an external 12C master device has
FIGURE 18-14: CLOCK SYNCHRONIZATION TIMING
Q1|Q2(Q3|Q4|Q1|Q2|Q3|Q4|Q1[{Q2|Q3|Q4 Q3|Q4(Q1|Q2|Q3|Q4|Q1[Q2|Q3[{Q4|Q1(Q2|Q3|Q4
I [ L [ : L I : I [
SDA | | DX | | I I | >< | bx-1 |
. . L . ! L . .
| | ] | i 0 | A |
| | o | : | | L |
scL . L . L e I
| | ] | \ | /f ! /’Q—f
|
| | o | ' (S | |
' | Master device } | ” | I
ckp | | \ ! asserts clock \/
| | = | 5 | /| |
| | | | | Master device | : | |
| | I | | deasserts clock | | | |
WR /—\ ' / )
SSPCON | | i | L« | ; |
I | b | | | | |
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18.4.7 BAUD RATE

In 12C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 18-19). When a write occurs
to SSPBUF, the Baud Rate Generator will automatically
begin counting. The BRG counts down to 0 and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In 12C Master mode, the BRG is
reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 18-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

FIGURE 18-19: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM<3:0> :){ SSPADD<6:0>
SSPM<3:0> jl> Reload Reload
| Reload_y,
SCL —P» Control
CLKO <_| BRG Down Counter |[~—— Fosc/4
TABLE 18-3: 12C™ CLOCK RATE W/BRG
. FscL
Fosc Fcy Fcy * 2 BRG Value (2 Rollovers of BRG)

40 MHz 10 MHz 20 MHz 18h 400 kHz
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHz
16 MHz 4 MHz 8 MHz 0Ch 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHz
4 MHz 1 MHz 2 MHz 09h 100 kHz
4 MHz 1 MHz 2 MHz 00h 1 MHz
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18.4.14 SLEEP OPERATION

While in Sleep mode, the I2C module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

18.4.15 EFFECTS OF ARESET

A Reset disables the MSSP module and terminates the
current transfer.

18.4.16 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit (SSPSTAT<4>) is set, or the
bus is Idle, with both the S and P bits clear. When the
bus is busy, enabling the MSSP interrupt will generate
the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed in
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
» Address Transfer

« Data Transfer

« A Start Condition

* A Repeated Start Condition

* An Acknowledge Condition

18.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a ‘1’ and the data sampled on the SDA pin = 0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF and reset the
I°C port to its Idle state (Figure 18-27).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the 12c
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are deasserted and the respective control bits in
the SSPCONZ2 register are cleared. When the user ser-
vices the bus collision Interrupt Service Routine and if
the 1°C bus is free, the user can resume communication
by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the
determination of when the bus is free. Control of the 12C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is Idle and the S and P bits are
cleared.

FIGURE 18-27: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
) Sample SDA. While SCL is high,
Data changes SDA line pulled low data doesn’t match what is driven
while SCL =0 by another source by the master.
l SDA released J Bus collision has occurred.
bymaster ] v v
SDA

BCLIF

SCL \ / \

Set bus collision
l interrupt (BCLIF)
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REGISTER 19-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave:

Don't care.

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enables interrupt and loads the receive buffer when RSR<8>
is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

Asynchronous mode 9-bit (RX9 = 0):

Don't care.

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receiving next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.

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
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BCF Bit Clear f BN Branch if Negative
Syntax: BCF f,b{a} Syntax: BN n
Operands: 0<f<255 Operands: -128 <n <127
0< bO§17 Operation: If Negative bit is ‘1’,
ae[0,1] (PC)+2+2n > PC
Operation: 0 — f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Encoding: ‘ 100! | pbba ‘ £fff | £fff ‘ Description: If the Negative bit is ‘1’, then the
Description: Bit ‘b’ in register ‘f’ is cleared. program will branch.
If ‘a’ is ‘0, the Access Bank is selected. The 2's complement number ‘2n’ is
If ‘a’is ‘'1’, the BSR is used to select the added to the PC. Since the PC will have
GPR bank (default). incremented to fetch the next
If ‘a’ is ‘0’ and the extended instruction instruction, the new address will be
set is enabled, this instruction operates PC + 2 + 2n. This instruction is then a
in Indexed Literal Offset Addressing two-cycle instruction.
mode whenever f <95 (5Fh). See Words: 1
Section 25.2.3 “Byte-Oriented and '
Bit-Oriented Instructions in Indexed Cycles: 1(2)
Literal Offset Mode” for details. Q Cycle Activity:
Words: 1 If Jump:
Cycles: 1 Q1 Q2 Q3 Q4
. Decode Read literal Process Write to
Q Cycle Activity: N Data PC
Qt Q2 Q3 Q4 No No No No
Decode Read Process Write operation operation operation operation
register ‘f Data register f’ If No Jump:
Q1 Q2 Q3 Q4
Example: BCF FLAG_REG, 7, 0 Decode | Readliteral | Process No
Before Instruction ‘n’ Data operation
FLAG_REG = C7h
After Instruction Example: HERE BN J
FLAG_.REG = 47h =xamee. o

Before Instruction

PC = address (HERE)
After Instruction
If Negative = 1
PC = address (Jump)
If Negative = 0
PC = address (HERE + 2)
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BNOV Branch if Not Overflow

Syntax: BNOV n

Operands: -128 <n<127

Operation: If Overflow bit is ‘0,
(PC)+2+2n—>PC

Status Affected: None

Encoding: ‘ 1110 | 0101 ‘ nnnn | nnnn ‘

Description: If the Overflow bit is ‘0, then the
program will branch.
The 2’'s complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
If Jump:

BNZ

Branch if Not Zero

Syntax:
Operands:

Operation:

Status Affected:
Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:
If Jump:

BNZ n
-128 <n<127

If Zero bit is ‘0,
(PC)+2+2n—>PC

None

‘ 1110 | 0001 ‘ nnnn | nnnn ‘

If the Zero bit is ‘0’, then the program

will branch.

The 2’'s complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.

1
1(2)

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  Jump Example: HERE BNZ Jump
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Overflow = 0; If Zero = 0;
PC = address (Jump) PC = address (Jump)
If Overflow = 1; If Zero = ;
PC = address (HERE + 2) PC = address (HERE + 2)
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SUBLW Subtract W from Literal
Syntax: SUBLW k
Operands: 0<k<255
Operation: k—(W)->W
Status Affected: N, OV, C,DC, Z
Encoding: ‘ 0000 | 1000 ‘ kkkk ‘ kkkk |
Description W is subtracted from the eight-bit
literal ‘k’. The result is placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal 'k’ Data
Example 1: SUBLW 02h
Before Instruction
w = 01h
C = ?
After Instruction
w = 01h
C = 1 ; result is positive
Z = 0
N = 0
Example 2: SUBLW 02h
Before Instruction
= 02h
C = ?
After Instruction
w = 00h
C = 1 ; result is zero
Z = 1
N = 0
Example 3: SUBLW 02h
Before Instruction
w = 03h
C = ?

After Instruction
FFh ; (2’s complement)
0 ; result is negative

zZNOSs

1

SUBWF Subtract W from f
Syntax: SUBWF f{,d{,a}}
Operands: 0<f<255
del0,1]
ae[0,1]
Operation: (f) = (W) — dest
Status Affected: N, 0V, C,DC, zZ
Encoding: ‘ 0101 | 1lda | ffff ‘ ffff |
Description: Subtract W from register f’ (2’s
complement method). If ‘d’ is ‘0’, the
result is stored in W. If 'd’ is ‘1’, the
result is stored back in register ‘f
(default).
If ‘a’ is ‘0’, the Access Bank is
selected. If ‘a’ is ‘1", the BSR is used
to select the GPR bank (default).
If ‘@’ is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever
f <95 (5Fh). See Section 25.2.3
“Byte-Oriented and Bit-Oriented
Instructions in Indexed Literal Offset
Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
Example 1: SUBWF REG, 1, O
Before Instruction
= 3
w = 2
C = 2
After Instruction
REG = 1
w = 2
C = 1 ; result is positive
Z = 0
N = 0
Example 2: SUBWF REG, 0, O
Before Instruction
= 2
w = 2
C = ?
After Instruction
RE = 2
w = 0
C = 1 ; result is zero
Z = 1
N = 0
Example 3: SUBWF REG, 1, O
Before Instruction
= 1
w = 2
C = 2
After Instruction
REG = FFh ;(2's complement)
w = 2
C = 0 ; result is negative
Z = 0
N = 1
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26.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

26.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers signifi-
cant advantages over competitive emulators including
low-cost, full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, a rugge-
dized probe interface and long (up to three meters) inter-
connection cables.

26.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

26.10 PICKkit 3 In-Circuit Debugger/
Programmer and
PICKkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICKkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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27.2 DC Characteristics: Power-Down and Supply Current

PIC18F2221/2321/4221/4321 (Industrial)
PIC18LF2221/2321/4221/4321 (Industrial) (Continued)

PIC18LF2221/2321/4221/4321 Standard Operating Conditions (unless otherwise stated)

(Industrial) Operating temperature -40°C < TA < +85°C for industrial

PIC18F2221/2321/4221/4321 Standgrd Operating Condltlonos (unless othoerWIsg statefi)

(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
’ -40°C < TA < +125°C for extended
Pe'l‘lr:m Device Typ | Max | Units Conditions
Supply Current (Ipp)®
PIC18LF2X21/4X21| 160 | 230 | MA -40°C
170 | 230 | MA +25°C VDD = 2.0V
170 | 230 | MA +85°C
PIC18LF2X21/4X21| 220 | 330 | MA -40°C
240 | 330 | WA +25°C VDD = 3.0V Fosc = 1 MHz
S (RC_IDLE mode,
250 | 330 HA +85°C INTOSC source)
All Devices| 410 | 500 | MA -40°C
420 | 500 | MA +25°C VoD = 5.0V
5 DD = 5.
430 | 500 | HA +85°C
Extended Devices Only| 450 | 500 HA +125°C
PIC18LF2X21/4X21| 310 | 440 | MA -40°C
330 | 440 | HA +25°C VDD = 2.0V
340 | 440 | HA +85°C
PIC18LF2X21/4X21| 480 | 750 | MA -40°C
500 | 750 | RA +25°C VDD = 3.0V Fosc =4 MHz
S (RC_IDLE mode,
520 | 750 HA +85°C INTOSC source)
All Devices| 0.91 | 13 | mA -40°C
093 | 1.3 | mA +25°C Voo = 5.0V
5 DD = 5.
096 | 1.3 | mA +85°C
Extended Devices Only| 0.98 | 1.3 mA +125°C

Legend: Shading of rows is to assist in readability of the table.

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 I/0 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 I/O pins tri-stated, pulled to VDD or Vss;
MCLR = VDD; WDT enabled/disabled as specified.

3: Low-power, Timer1 oscillator is selected unless otherwise indicated, where LPT10SC (CONFIG3H<2>) = 1.

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

5:  When operation below -10°C is expected, use T10SC High-Power mode, where LPT10SC (CONFIG3H<2>) = 0.
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TABLE 27-24: A/D CONVERTER CHARACTERISTICS

Pi{jm Symbol Characteristic Min Typ Max Units Conditions
AO1 NR Resolution — — 10 bit |AVREF > 3.0V
AO03 |ELL Integral Linearity Error — — <1 LSb |AVREF > 3.0V
AO4 |EDL Differential Linearity Error — — <#1 LSb |AVREF > 3.0V
A06 |EoFrF |Offset Error — — <#2 LSb |AVREF > 3.0V
AO07 |EGN Gain Error — — <#1 LSb |AVREF > 3.0V
A10 |— Monotonicity Guaranteed(!) — |Vss < VAN < VREF
A20 |AVREF |Reference Voltage Range 1.8 — — V |VDD < 3.0V
(VREFH — VREFL) 3 — — V  |VDD > 3.0V
A21 VREFH |Reference Voltage High — — VDD + 3.0V \%
A22 |VREFL |Reference Voltage Low Vss — 0.3V — — \Y,
A25 |VAIN Analog Input Voltage VREFL — VREFH \%
A30 |ZAIN Recommended Impedance of — — 2.5 kQ
Analog Voltage Source
A50 |[IREF  |VREF Input Current(® — — 5 pA | During VAIN acquisition.
— — 150 pA | During A/D conversion
cycle.
Note 1: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
2: VREFH current is from RA3/AN3/VREF+ pin or VDD, whichever is selected as the VREFH source.

VREFL current is from RA2/AN2/VREF-/CVREF pin or VSs, whichever is selected as the VREFL source.
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Example Frequencies/Resolutions ..............ccc........ 151
Operation SEtUP .......cccueeiiiriiiienee e 151
Period
TMR2 to PR2 Match .....ocooooiiiieiiie e 150, 155
PWM (ECCP ModUI€) ......oeoiiiiiieiiieeie et 155
CCPR1H:CCPR1L Registers .. ...155
Duty Cycle .....cccoeevviiiiiiiine ... 156
Effects of a Reset ........ccccccee. ... 165
Enhanced PWM Auto-Shutdown ...... ... 162

Example Frequencies/Resolutions ... .
Full-Bridge Application Example ....... ... 160

Full-Bridge Mode ..........ccccecveennnnnn. ... 159
Direction Change ...160
Half-Bridge Mode .........cccocoeeiiiiniiniiiiecieese s 158
Half-Bridge Output Mode Applications
EXample ..o
Operation in Power-Managed Modes
Operation with Fail-Safe Clock Monitor ................... 165

Output Configurations ..........ccccceevviiiiinicie e 156
Output Relationships (Active-High) ...
Output Relationships (Active-Low)

Period ...
Programmable Dead-Band Delay .
Setup for PWM Operation ........ccccccveveveeeviiiniiieneenn.
Start-up Considerations ..........ccccocvveienienieeniennens 164
Q
Q CIOCK . 151, 156
R

RAM. See Data Memory.
RC Oscillator
RCIO Oscillator Mode ..........coeeeiiiiiiiieiiiieeeeeee 31
RC_IDLE Mode ....
RC_RUN Mode ....
RCALL e
RCON Register
Bit Status During Initialization ............ccccoooiiiiiiinns 54
Reader RESPONSE ........ccceeiiiiiiiiiiiiie e 400
Register File ..o 67
Register File Summary ........c.cccocoiiiiiiiiiecceen 69-71
Registers
ADCONO (A/D Control 0) .....ccccocuveieeneenieeniieeeeeeen
ADCON1 (A/D Control 1) ....
ADCON2 (A/D Control 2) .....c.ccccuveieeneenieeiieeeeeenen
BAUDCON (Baud Rate Control) ...........cccoeevuvecieenns 214
CCP1CON (Enhanced Capture/Compare/PWM
COoNtrol 1) oo
CCPXCON (CCPx Control) ........ccoceervvecueeriereieennns
CMCON (Comparator Control)
CONFIG1H (Configuration 1 High) ........cccccoveeninene 260
CONFIG2H (Configuration 2 High) ........cccccovieninene 262
CONFIG2L (Configuration 2 Low)
CONFIG3H (Configuration 3 High) ........cccccoveennene
CONFIGAL (Configuration 4 LOW) .......cccccovvveneenencnne
CONFIG5H (Configuration 5 High) ...
CONFIGS5L (Configuration 5 LOW) .......ceeevineeenineenes
CONFIG6H (Configuration 6 High) ..........cccoceevinen.
CONFIG6L (Configuration 6 Low) ..... .
CONFIG7H (Configuration 7 High) ...
CONFIGT7L (Configuration 7 LOW) .......ccccevvuveviennene
CVRCON (Comparator Voltage
Reference Control) .......cccccveviiiiiiiieiiiiecns 249
DEVID1 (Device ID 1) ......
DEVID2 (Device ID 2) ....ccovveeviiecieienecenn ...268
ECCP1AS (ECCP Auto-Shutdown Control) ............. 163

ECCP1DEL (PWM Dead-Band Delay) ...........cc...... 162
EECON1 (Data EEPROM Control 1) .......cccccceeueee 81, 90
HLVDCON (High/Low-Voltage Detect Control) ....... 253
INTCON (Interrupt Control) ........cccoevvivevvenienniennene 99
INTCON2 (Interrupt Control 2) .......cc.ccoevcvevnirnnennn. 100
INTCONS (Interrupt Control 3) .......ccoecvveviiieeriineenne 101
IPR1 (Peripheral Interrupt Priority 1) ......ccccooveeeeis 106
IPR2 (Peripheral Interrupt Priority 2) .... .. 107
OSCCON (Oscillator Control) ............... e 37
OSCTUNE (Oscillator Tuning) .............. ... 33
PIE1 (Peripheral Interrupt Enable 1) .... .. 104
PIE2 (Peripheral Interrupt Enable 2) ....................... 105
PIR1 (Peripheral Interrupt Request (Flag) 1) ........... 102
PIR2 (Peripheral Interrupt Request (Flag) 2) ........... 103
RCON (Reset Control) ........ccccoeevveeiiiieiiiiieennes
RCSTA (Receive Status and Control) ....................
SSPADD(MSSP Address) ........c.cccecueeneee.

SSPCON1 (MSSP Control 1, I°C Mode)

SSPCON1 (MSSP Control 1, SPI Mode) ................ 169
SSPCON2 (MSSP Control 2, I°C Mode)

SSPSTAT (MSSP Status, 1°C Mode) .........ccoo.........
SSPSTAT (MSSP Status, SPI Mode) .........cccceeeuee.
STATUS

STKPTR (Stack Pointer)
TOCON (Timer0 Control)
T1CON (Timer1 Control)
T2CON (Timer2 Control)
T3CON (Timer3 Control) .......ccccceeeeineveiieniennieeene.
TRISE (PORTE/PSP Control)
TXSTA (Transmit Status and Control) .....................
WDTCON (Watchdog Timer Control) ...........c..........
RESET .
Reset State of Registers .........ccoocveiiiiiiiiiiiie,
RESELS ...
Brown-out Reset (BOR) ..............
Oscillator Start-up Timer (OST) .....
Power-on Reset (POR) ...............
Power-up Timer (PWRT) ..
RETFIE .o
RETLW ...
RETURN .....ccoooeine
Return Address Stack ........
Associated Registers ...........
Return Stack Pointer (STKPTR) ..
Revision History ....
RLCF ..o,

SDO ..o .. 167
SEC_IDLE Mode ..... ...44

SEC_RUN Mode ...... ... 40
Serial Clock, SCK .....ooiiiiii s 167
Serial Data In (SDI) ..coocoviiiiiiiiec e 167
Serial Data Out (SDO) ......cocviiiiiiieieie e 167
Serial Peripheral Interface. See SPI Mode.
SETF e 313
Single-Supply ICSP Programming.
Slave Select (SS) .oooviiiiiiiiiiiie e 167
SLEEP . 314
Sleep

OSC1 and OSC2 Pin States ........cccovcvveeriieeeiiieeeins 38
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