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systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC18F87/K22 FAMILY

Pin Diagrams — PIC18F8XK22

80-Pin TQFP

RD7/SS2/PSP7/AD7

RJO/ALE

RE3/P3C/CCP9(Z3/REFO/AD11
RJ1/OE

RE4/P3B/CCP8()/AD12
RE5/P1C/CCP7®)AD13
RE6/P1B/CCP6()/AD14

RE7/ECCP2/P2A/AD15
RD5/SDI2/SDA2/PSP5/AD5

RH1/AN22/A17
RHO/AN23/A16
RE2/P2B/CCP10®@/CS/AD10
RDO/PSPO/CTPLS/ADO
RD1/T5CKI/T7G/PSP1/AD1
RD2/PSP2/AD2
RD3/PSP3/AD3
RD4/SDO2/PSP4/AD4
RD6/SCK2/SCL2/PSP6/AD6

VDD
Vss

O80 7978777675 747372717069 68 67 66 65 64 63 62 61

RH2/AN21/A18 —] 1 60— RJ2/WRL
RH3/AN20/A19 — 2 59— RJ3/WRH
RE1/P2C/WR/AD9 — 3 58— RBO/INTO/FLTO
REO/P2D/RD/AD8 — 4 57— RB1/INT1
RGO/ECCP3/P3A—] 5 56— RB2/INT2/CTED1
RG1/TX2/CK2/AN19/C30UT — ¢ 55— RB3/INT3/CTEDZ/ECCP2/P2A
RG2/RX2/DT2/AN18/C3INA— 7 54— RB4/KBIO
RG3/CCP4/AN17/P3D/C3INB — 8 53— RB5/KBI1/T3CKIIT1G
o MCLR/IRG5[—] ¢ PIC18F85K22 52— RB6/KBI2/PGC
RG4/RTCC/T7CKIP/T5G/ICCPS/AN16/P1DIC3INC —— 10 —Vss
Vss — 11 PIC18F86K22 2; 1 0SC2/CLKO/RAB
VDDCORE/VCAP —— 12 PIC18F87K22 49— OSC1/CLKI/RA7
RF7/AN5/SST— 13 48— VoD
RF6/ANT1/C1INA ] 14 47— RB7/KBI3/PGD
RF5/AN10/C1INB ——] 15 46— RC5/SDO1
RF4/AN9/C2INA —] 16 45— RC4/SDI1/SDA1
RF3/AN8/C2INB/CTMUI —] 17 44— RC3/SCK1/SCL1
RF2/AN7/C10UT —] 18 43— RC2/ECCP1/P1A
RH7/CCP6(4)/P1BIAN15 — 19 42— RJ7/UB
RHB/CCP7®)/P1C/AN14/C1INC — 20 41— RJ6ILB
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Note 1: The ECCP2 pin placement depends on the CCP2MX Configuration bit setting and whether the device is
in Microcontroller or Extended Microcontroller mode.

Not available on the PIC18F65K22 and PIC18F85K22 devices.

The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration
bit (CONFIG3H<1>).
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TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number | piy | gyffer i
Pin Name Description
QFN/TQFP |TYPe| Type
Vss 9,25,41,56| P — Ground reference for logic and 1/O pins.
VDD 26, 38, 57 P — Positive supply for logic and I/O pins.
AVss 20 P — Ground reference for analog modules.
AVDD 19 P — Positive supply for analog modules.
ENVREG 18 | ST Enable for on-chip voltage regulator.
VDDCORE/VCAP 10 Core logic power or external filter capacitor connection.
VDDCORE
Vcap P — External filter capacitor connection (regulator
enabled/disabled).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P  =Power oD = Open-Drain (no P diode to VDD)

1’C =12C™/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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REGISTER 3-3: OSCTUNE: OSCILLATOR TUNING REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INTSRC PLLEN TUNS TUN4 TUN3 TUN2 TUN1 TUNO
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 INTSRC: Internal Oscillator Low-Frequency Source Select bit

1 = 31.25 kHz device clock derived from 16 MHz INTOSC source (divide-by-512 enabled, HF-INTOSC)
0 = 31 kHz device clock derived from INTRC 31 kHz oscillator (LF-INTOSC)

bit 6 PLLEN: Frequency Multiplier PLL Enable bit

1= PLL is enabled
0 = PLL is disabled

bit 5-0 TUNK<5:0>: Fast RC Oscillator (INTOSC) Frequency Tuning bits
011111 = Maximum frequency

000001
000000 = Center frequency; fast RC oscillator is running at the calibrated frequency
111111

100000 = Minimum frequency

© 2009-2011 Microchip Technology Inc. DS39960D-page 47
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8.3 Wait States

While it may be assumed that external memory devices
will operate at the microcontroller clock rate, this is
often not the case. In fact, many devices require longer
times to write or retrieve data than the time allowed by
the execution of table read or table write operations.

To compensate for this, the External Memory Bus can
be configured to add a fixed delay to each table opera-
tion using the bus. Wait states are enabled by setting
the WAIT Configuration bit. When enabled, the amount
of delay is set by the WAIT<1:0> bits (MEMCON<5:4>).
The delay is based on multiples of microcontroller
instruction cycle time and is added following the
instruction cycle when the table operation is executed.
The range is from no delay to 3 Tcy (default value).

84 Port Pin Weak Pull-ups

With the exception of the upper address lines,
A<19:16>, the pins associated with the External Mem-
ory Bus are equipped with weak pull-ups. The pull-ups
are controlled by the upper three bits of the PADCFG1
register (PADCFG1<7:5>). They are named RDPU,
REPU and RJPU, and control pull-ups on PORTD,
PORTE and PORTJ, respectively. Setting one of these
bits enables the corresponding pull-ups for that port. All
pull-ups are disabled by default on all device Resets.

In Extended Microcontroller mode, the port pull-ups
can be useful in preserving the memory state on the
external bus while the bus is temporarily disabled
(EBDIS =1).

8.5 Program Memory Modes and the
External Memory Bus

The PIC18F87K22 family of devices is capable of
operating in one of two program memory modes, using
combinations of on-chip and external program memory.
The functions of the multiplexed port pins depend on
the program memory mode selected, as well as the
setting of the EBDIS bit.

In Microcontroller Mode, the bus is not active and the
pins have their port functions only. Writes to the
MEMCOM register are not permitted. The Reset value
of EBDIS (‘0’) is ignored and the ABW pins behave as
1/O ports.

In Extended Microcontroller Mode, the external
program memory bus shares 1/O port functions on the
pins. When the device is fetching or doing table
read/table write operations on the external program
memory space, the pins will have the external bus
function.

If the device is fetching and accessing internal program
memory locations only, the EBDIS control bit will
change the pins from external memory to I/O port

functions. When EBDIS = 0, the pins function as the
external bus. When EBDIS = 1, the pins function as I/O
ports.

If the device fetches or accesses external memory
while EBDIS = 1, the pins will switch to the external
bus. If the EBDIS bit is set by a program executing from
external memory, the action of setting the bit will be
delayed until the program branches into the internal
memory. At that time, the pins will change from external
bus to I/O ports.

If the device is executing out of internal memory when
EBDIS = 0, the memory bus address/data and control
pins will not be active. They will go to a state where the
active address/data pins are tri-state, the CE, OE,
WRH, WRL, UB and LB signals are ‘1’, and ALE and
BAO are ‘0’. Note that only those pins associated with
the current address width are forced to tri-state; the
other pins continue to function as 1/0O. In the case of
16-bit address width, for example, only AD<15:0>
(PORTD and PORTE) are affected; A<19:16>
(PORTH<3:0>) continue to function as I/O.

In all external memory modes, the bus takes priority
over any other peripherals that may share pins with it.
This includes the Parallel Master Port (PMP) and serial
communication modules which would otherwise take
priority over the 1/0O port.

8.6 16-Bit Data Width Modes

In 16-Bit Data Width mode, the external memory
interface can be connected to external memories in
three different configurations:

» 16-Bit Byte Write
* 16-Bit Word Write
» 16-Bit Byte Select

The configuration to be used is determined by the
WM<1:0> bits in the MEMCON register
(MEMCON<1:0>). These three different configurations
allow the designer maximum flexibility in using both
8-bit and 16-bit devices with 16-bit data.

For all 16-bit modes, the Address Latch Enable (ALE)
pin indicates that the Address bits, AD<15:0>, are
available on the external memory interface bus. Follow-
ing the address latch, the Output Enable (OE) signal
will enable both bytes of program memory at once to
form a 16-bit instruction word. The Chip Enable (CE
signal) is active at any time that the microcontroller
accesses external memory, whether reading or writing;
it is inactive (asserted high) whenever the device is in
Sleep mode.

In Byte Select mode, JEDEC standard Flash memories
will require BAO for the byte address line and one 1/0
line to select between Byte and Word mode. The other
16-bit modes do not need BAO. JEDEC standard static
RAM memories will use the UB or LB signals for byte
selection.

DS39960D-page 124
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TABLE 12-1: PORTA FUNCTIONS
Pin Name Function S-;:\;ilﬁg 110 nge Description
RAO/ANO/ULPWU RAO 0 O DIG |LATA<0> data output; not affected by analog input.
1 | TTL | PORTA<O0> data input; disabled when analog input is enabled.
ANO 1 | ANA | A/D Input Channel 0. Default input configuration on POR; does not
affect digital output.
ULPWU 1 | ANA | Ultra Low-Power Wake-up input.
RA1/AN1 RA1 0 (0] DIG | LATA<1> data output; not affected by analog input.
1 | TTL | PORTA<1> data input; disabled when analog input is enabled.
AN1 1 | ANA | A/D Input Channel 1. Default input configuration on POR; does not
affect digital output.
RA2/AN2/VREF- RA2 0 (0] DIG | LATA<2> data output; not affected by analog input.
1 | TTL | PORTA<2> data input; disabled when analog functions are enabled.
AN2 1 | ANA | A/D Input Channel 2. Default input configuration on POR.
VREF- 1 | ANA | A/D and comparator low reference voltage input.
RA3/AN3/VREF+ RA3 0 (0] DIG | LATA<3> data output; not affected by analog input.
1 | TTL | PORTA<3> data input; disabled when analog input is enabled.
AN3 1 | ANA | A/D Input Channel 3. Default input configuration on POR.
VREF+ 1 | ANA | A/D and comparator high reference voltage input.
RA4/TOCKI RA4 0 O DIG |LATA<4> data output.
1 | ST PORTA<4> data input. Default configuration on POR.
TOCKI X | ST TimerO0 clock input.
RAS5/AN4/T1CKI/ RA5 0 (0] DIG | LATA<5> data output; not affected by analog input.
T3G/HLVDIN 1 | TTL | PORTA<5> data input; disabled when analog input is enabled.
AN4 1 | ANA | A/D Input Channel 4. Default configuration on POR.
T1CKI X | ST Timer1 clock input.
T3G X | ST Timer3 external clock gate input.
HLVDIN 1 I ANA | High/Low-Voltage Detect (HLVD) external trip point input.
OSC2/CLKO/RAB 0SC2 X 0] ANA | Main oscillator feedback output connection (HS, XT and LP modes).
CLKO X (0] DIG | System cycle clock output (FOsc/4, EC and INTOSC modes).
RA6 0 O DIG |LATA<6> data output; disabled when FOSC2 Configuration bit is set.
1 | TTL | PORTA<6> data input; disabled when FOSC2 Configuration bit is set.
OSC1/CLKI/RA7 0OSC1 X | ANA | Main oscillator input connection (HS, XT and LP modes).
CLKI X | ANA | Main external clock source input (EC modes).
RA7 0 (0] DIG | LATA<7> data output; disabled when FOSC2 Configuration bit is set.
1 | TTL | PORTA<7> data input; disabled when FOSC2 Configuration bit is set.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 12-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PORTA RA7(M RA6( RA5 RA4 RA3 RA2 RA1 RAO
LATA LATA7®D | LATA6M LATA5 LATA4 LATA3 LATA2 LATA1 LATAO
TRISA TRISA7M | TRISA6M | TRISA5 | TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
ANCONO | ANSEL7 | ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 | ANSEL1 | ANSELO
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTA.
Note 1. These bits are enabled depending on the oscillator mode selected. When not enabled as PORTA pins,

they are disabled and read as ‘x’.

© 2009-2011 Microchip Technology Inc.
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REGISTER 16-1: TxCON: TIMERx CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMRxCS1 TMRxCSO0 TxCKPS1 TxCKPSO0 SOSCEN TxSYNC RD16 TMRxON
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 7-6 TMRxCS<1:0>: Timerx Clock Source Select bits
10 = Timer1 clock source depends on the SOSCEN bit:
SOSCEN = o:
External clock from the T1CKIl pin (on the rising edge).
SOSCEN = 1:

Depending on the SOSCSEL fuses, either a crystal oscillator on the SOSCI/SOSCO pins or an external
clock from the SCLKI pin.
01 = Timerx clock source is the system clock (FOSC)(l)
00 = Timerx clock source is the instruction clock (FOsc/4)
bit 5-4 TxCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 SOSCEN: SOSC Oscillator Enable bit
1 = SOSC/SCLKI are enabled for Timerx (based on the SOSCSEL fuses)
0 = SOSC/SCLKI are disabled for Timerx and TxCKI is enabled
bit 2 TxSYNC: Timerx External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)
When TMRxCS<1:0>=10:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMRxCS<1:0> = 0x:
This bit is ignored; Timer3 uses the internal clock.
bit 1 RD16: 16-Bit Read/Write Mode Enable bit
1 = Enables register read/write of Timerx in one 16-bit operation
0 = Enables register read/write of Timerx in two eight-bit operations
bit 0 TMRXON: Timerx On bit

1 = Enables Timerx
0 = Stops Timerx

Note 1: The Fosc clock source should not be selected if the timer will be used with the ECCP capture/compare
features.
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FIGURE 16-5:

TIMER3/5/7 GATE SINGLE PULSE AND TOGGLE COMBINED MODE

TMRxGE

TxGPOL

TxGSPM

TXGTM

11

TxGGO/ Set by Software
TxDONE

TxG_IN

Counting Enabled on
Rising Edge of TxG

Cleared by Hardware on
‘ Falling Edge of TxGVAL

noo [ 1L

TXGVAL |

Timer3/5/7 N

><N+1><N+2 N+3>< X N+4

TMRXGIF '€— Cleared by Software

Set by Hardware on Cleared by
Falling Edge of TxGVAL ware

16.5.5 TIMERS3/5/7 GATE VALUE STATUS

When Timer3/5/7 gate value status is utilized, it is
possible to read the most current level of the gate con-
trol value. The value is stored in the TxGVAL bit
(TXGCON<2>). The TxGVAL bit is valid even when the
Timer3/5/7 gate is not enabled (TMRxGE bit is
cleared).

16.5.6 TIMERS3/5/7 GATE EVENT
INTERRUPT

When the Timer3/5/7 gate event interrupt is enabled, it
is possible to generate an interrupt upon the comple-
tion of a gate event. When the falling edge of TxGVAL
occurs, the TMRXGIF flag bit in the PIRx register will be
set. If the TMRXGIE bit in the PIEx register is set, then
an interrupt will be recognized.

The TMRxGIF flag bit operates even when the
Timer3/5/7 gate is not enabled (TMRxGE bit is
cleared).

DS39960D-page 220
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TABLE 18-4: ALRMVAL REGISTER
MAPPING

Alarm Value Register Window

ALRMPTR<1:0>

ALRMVALH ALRMVALL
00 ALRMMIN ALRMSEC
01 ALRMWD ALRMHR
10 ALRMMNTH ALRMDAY
11 — —

18.2.9 CALIBRATION

The real-time crystal input can be calibrated using the
periodic auto-adjust feature. When properly calibrated,
the RTCC can provide an error of less than three
seconds per month.

To perform this calibration, find the number of error
clock pulses and store the value into the lower half of
the RTCCAL register. The eight-bit, signed value,
loaded into RTCCAL, is multiplied by four and will be
either added or subtracted from the RTCC timer, once
every minute.

To calibrate the RTCC module:

1. Use another timer resource on the device to find
the error of the 32.768 kHz crystal.

2. Convert the number of error clock pulses per
minute (see Equation 18-1).

EQUATION 18-1: CONVERTING ERROR
CLOCK PULSES

(Ideal Frequency (32,758) — Measured Frequency) * 60 =
Error Clocks per Minute

« If the oscillator is faster than ideal (negative
result from Step 2), the RCFGCALL register
value needs to be negative. This causes the
specified number of clock pulses to be
subtracted from the timer counter, once every
minute.

« If the oscillator is slower than ideal (positive
result from Step 2), the RCFGCALL register
value needs to be positive. This causes the
specified number of clock pulses to be added to
the timer counter, once every minute.

3. Load the RTCCAL register with the correct
value.

Writes to the RTCCAL register should occur only when
the timer is turned off or immediately after the rising
edge of the seconds pulse.

Note: In determining the crystal’s error value, it
is the user’s responsibility to include the
crystal’s initial error from drift due to
temperature or crystal aging.

18.3 Alarm

The Alarm features and characteristics are:

» Configurable from half a second to one year

» Enabled using the ALRMEN bit (ALRMCFG<7>,
Register 18-4)

» Offers one-time and repeat alarm options

18.3.1 CONFIGURING THE ALARM

The alarm feature is enabled using the ALRMEN bit.
This bit is cleared when an alarm is issued. The bit will
not be cleared if the CHIME bit = 1 or if ALRMRPT = 0.

The interval selection of the alarm is configured
through the ALRMCFG bits (AMASK<3:0>); see
Figure 18-5. These bits determine which, and how
many, digits of the alarm must match the clock value for
the alarm to occur.

The alarm can also be configured to repeat based on a
preconfigured interval. The number of times this
occurs, after the alarm is enabled, is stored in the
ALRMRPT register.

Note:  While the alarm is enabled (ALRMEN = 1),
changing any of the registers, other than
the RTCCAL, ALRMCFG and ALRMRPT
registers and the CHIME bit, can resultin a
false alarm event leading to a false alarm
interrupt. To avoid this, only change the
timer and alarm values while the alarm is
disabled (ALRMEN=0). It is recom-
mended that the ALRMCFG and
ALRMRPT registers and CHIME bit be
changed when RTCSYNC = 0.

DS39960D-page 240
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21.3.1 REGISTERS

Each MSSP module has four registers for SPI mode

operation. These are:

* MSSPx Control Register 1 (SSPxCON1)

* MSSPx Status Register (SSPxSTAT)

» Serial Receive/Transmit Buffer Register
(SSPxBUF)

* MSSPx Shift Register (SSPxSR) — Not directly
accessible

SSPxCON1 and SSPxSTAT are the control and status
registers in SPI mode operation. The SSPxCON1
register is readable and writable. The lower 6 bits of
the SSPxSTAT are read-only. The upper two bits of the
SSPxSTAT are read/write.

REGISTER 21-1:

SSPxSR is the shift register used for shifting data in or
out. SSPxBUF is the buffer register to which data
bytes are written to or read from.

In receive operations, SSPxSR and SSPxBUF
together create a double-buffered receiver. When
SSPxSR receives a complete byte, it is transferred to
SSPxBUF and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not
double-buffered. A write to SSPxBUF will write to both
SSPxBUF and SSPxSR.

SSPXSTAT: MSSPx STATUS REGISTER (SPI MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE® D/A P s | rRW | ua BF
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 SMP: Sample bit

SPI Master mode:

1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time

SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.
bit 6 CKE: SPI Clock Select bit(!)

1 = Transmit occurs on the transition from active to Idle clock state
0 = Transmit occurs on the transition from Idle to active clock state

bit 5 D/A: Data/Address bit
Used in I°C™ mode only.
bit 4 P: Stop bit

Used in 12C mode only. This bit is cleared when the MSSPx module is disabled; SSPEN is cleared.
bit 3 S: Start bit
Used in 1°C mode only.

bit 2 R/W: Read/Write Information bit
Used in 12C mode only.
bit 1 UA: Update Address bit
Used in 1°C mode only.
bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive is complete, SSPxBUF is full
0 = Receive is not complete, SSPxBUF is empty

Note 1: Polarity of clock state is set by the CKP bit (SSPxCON1<4>).

DS39960D-page 282
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REGISTER 21-5:

SSPXCON2: MSSPx CONTROL REGISTER 2 (I°C™ MASTER MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GCEN ACKSTAT | ACKDT® | ACKEN® | RCEN® [ PEN® RSEN® | sEN®
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 GCEN: General Call Enable bit

Unused in Master mode.

ACKSTAT: Acknowledge Status bit (Master Transmit mode only)
1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (Master Receive mode only)®

1 = Not Acknowledge

0 = Acknowledge

ACKEN: Acknowledge Sequence Enable bit(2)

1 = Initiates Acknowledge sequence on SDAx and SCLx pins and transmits ACKDT data bit.
Automatically cleared by hardware.
0 = Acknowledge sequence is Idle

bit 6

bit 5

bit 4

bit 3 RCEN: Receive Enable bit (Master Receive mode only)@

1 = Enables Receive mode for I°C™

0 = Receive is Idle

PEN: Stop Condition Enable bit®?

1 = Initiates Stop condition on SDAx and SCLx pins. Automatically cleared by hardware.

0 = Stop condition is Idle

RSEN: Repeated Start Condition Enable bit(®

1 = Initiates Repeated Start condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Repeated Start condition is Idle

SEN: Start Condition Enable bit®

1 = Initiates Start condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Start condition is Idle

bit 2

bit 1

bit 0

Note 1. Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.

2:  Ifthe I2C module is active, these bits may not be set (no spooling) and the SSPxBUF may not be written
(or writes to the SSPxBUF are disabled).
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0 AND ADMSK<5:1>=01001

I2C™ SLAVE MODE TIMING WITH SEN
(RECEPTION, 10-BIT ADDRESS)

FIGURE 21-11:
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REGISTER 22-1: TXSTAx: TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN® SYNC SENDB BRGH TRMT TX9D
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 CSRC: Clock Source Select bit
Asynchronous mode:
Don'’t care.

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-Bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit(!)
1 = Transmit is enabled
0 = Transmit is disabled
bit 4 SYNC: EUSART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3 SENDB: Send Break Character bit
Asynchronous mode:

1 = Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission has completed

Synchronous mode:
Don’t care.
bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed
0 = Low speed
Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR is empty
0 =TSRis full

bit 0 TX9D: 9th bit of Transmit Data

Can be address/data bit or a parity bit.

Note 1: SREN/CREN overrides TXEN in Sync mode.
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23.2.2 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is where the 12-bit
A/D result and extended sign bits (ADSGN) are loaded
at the completion of a conversion. This register pair is
16 bits wide. The A/D module gives the flexibility of left
or right justifying the 12-bit result in the 16-Bit Result
register. The A/D Format Select bit (ADFM) controls
this justification.

Figure 23-3 shows the operation of the A/D result justi-
fication and location of the extended sign bits
(ADSGN). The extended sign bits allow for easier
16-bit math to be performed on the result. The results
are represented as a two's compliment binary value.
This means that when sign bits and magnitude bits are
considered together in right justification, the ADRESH
and ADRESL registers can be read as a single signed
integer value.

When the A/D Converter is disabled, these 8-bit
registers can be used as two general purpose registers.

FIGURE 23-3: A/D RESULT JUSTIFICATION
Left Justified [t Right Justified
ADFM =0 ADFM =1
A A
‘ A\ 4 N
N J
Y Y
ADRESH ADRESL ADRESH ADRESL

D Result bits % ADSGN bit

Two’s Complement Example Results Number Line

Left Justified Right Justified
Hex Decimal Hex Decimal

OxFFFO 4095 OxOFFF 4095
OxFFEO 4094 OxOFFE 4094
0x0020 2 0x0002 2
0x0010 0x0001

0x0000 0 0x0000 0
OxFFFF -1 OxFFFF -1
OxFFEF -2 OxFFFE -2
0x001F -4095 0xF001 -4095
0x000F -4096 0xFO000 -4096

© 2009-2011 Microchip Technology Inc.
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27.0 CHARGE TIME
MEASUREMENT UNIT (CTMU)

The Charge Time Measurement Unit (CTMU) is a
flexible analog module that provides accurate differen-
tial time measurement between pulse sources, as well
as asynchronous pulse generation. By working with
other on-chip analog modules, the CTMU can precisely
measure time, capacitance and relative changes in
capacitance or generate output pulses with a specific
time delay. The CTMU is ideal for interfacing with
capacitive-based sensors.

» Control of response to edges

» Time measurement resolution of 1 nanosecond

« High-precision time measurement

» Time delay of external or internal signal
asynchronous to system clock

» Accurate current source suitable for capacitive
measurement

The CTMU works in conjunction with the A/D Converter
to provide up to 24 channels for time or charge
measurement, depending on the specific device and
the number of A/D channels available. When config-

ured for time delay, the CTMU is connected to one of
the analog comparators. The level-sensitive input edge
sources can be selected from four sources: two
external inputs or the ECCP1/ECCP2 Special Event
Triggers.

The module includes these key features:

» Up to 24 channels available for capacitive or time
measurement input

» On-chip precision current source

» Four-edge input trigger sources

« Polarity control for each edge source

» Control of edge sequence

The CTMU special event can trigger the Analog-to-Digital
Converter module.

Figure 27-1 provides a block diagram of the CTMU.

FIGURE 27-1: CTMU BLOCK DIAGRAM
. CTMUCON
EDGEN CTMUICON
EDGSEQEN
EDG1SELx ITRIM<5:0> TGEN
EDG1POL " IRNG<1:0> IDISSEN
EDG2SEL! EDG1STAT CTTRIG
EDGZPOLX EDG2STAT | Current Source
' @ v
CTED1 [X}———|  Edge ; CTMU
CTED2 Cont_rOI Control — A/D Trigger
X'—> Logic »  Current - Logic
A A Control ‘
ECCP2 Bul
ulse » E ZI
ECCP1 Generator CTPLS
A/D Converter  Comparator 2
Input
Comparator 2 Output
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28.5 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the
microcontroller to continue operation in the event of an
external oscillator failure by automatically switching the
device clock to the internal oscillator block. The FSCM
function is enabled by setting the FCMEN
Configuration bit.

When FSCM is enabled, the LF-INTOSC oscillator runs
at all times to monitor clocks to peripherals and provide
a backup clock in the event of a clock failure. Clock
monitoring (shown in Figure 28-4) is accomplished by
creating a sample clock signal, which is the output from
the LF-INTOSC, divided by 64. This allows ample time
between FSCM sample clocks for a peripheral clock
edge to occur. The peripheral device clock and the
sample clock are presented as inputs to the Clock
Monitor (CM) latch. The CM is set on the falling edge of
the device clock source, but cleared on the rising edge
of the sample clock.

FIGURE 28-4: FSCM BLOCK DIAGRAM
Clock Monitor
Latch (CM)
(edge-triggered)
Peripheral .
Clock > S Q
INTRC .
Source *64
(32 ps) 488 Hz
(2.048 ms)
Clock
Failure
Detected

Clock failure is tested for on the falling edge of the
sample clock. If a sample clock falling edge occurs
while CM is still set, a clock failure has been detected
(Figure 28-5). This causes the following:

* The FSCM generates an oscillator fail interrupt by
setting bit, OSCFIF (PIR2<7>)

* The device clock source switches to the internal
oscillator block (OSCCON is not updated to show
the current clock source — this is the Fail-Safe
condition)

* The WDT is reset

During switchover, the postscaler frequency from the
internal oscillator block may not be sufficiently stable for
timing-sensitive applications. In these cases, it may be
desirable to select another clock configuration and enter
an alternate power-managed mode. This can be done to
attempt a partial recovery or execute a controlled shut-
down. See Section 4.1.4 “Multiple Sleep Commands”
and Section 28.4.1 “Special Considerations for
Using Two-Speed Start-up” for more details.

To use a higher clock speed on wake-up, the INTOSC
or postscaler clock sources can be selected to provide
a higher clock speed by setting bits, IRCF<2:0>,
immediately after Reset. For wake-ups from Sleep, the
INTOSC or postscaler clock sources can be selected
by setting the IRCF<2:0> bits prior to entering Sleep
mode.

The FSCM will detect only failures of the primary or
secondary clock sources. If the internal oscillator block
fails, no failure would be detected nor would any action
be possible.

28.5.1 FSCM AND THE WATCHDOG TIMER

Both the FSCM and the WDT are clocked by the
INTOSC oscillator. Since the WDT operates with a
separate divider and counter, disabling the WDT has
no effect on the operation of the INTOSC oscillator
when the FSCM is enabled.

As already noted, the clock source is switched to the
INTOSC clock when a clock failure is detected.
Depending on the frequency selected by the
IRCF<2:0> bits, this may mean a substantial change in
the speed of code execution. If the WDT is enabled
with a small prescale value, a decrease in clock speed
allows a WDT time-out to occur and a subsequent
device Reset. For this reason, Fail-Safe Clock events
also reset the WDT and postscaler, allowing it to start
timing from when execution speed was changed, and
decreasing the likelihood of an erroneous time-out.

28.5.2 EXITING FAIL-SAFE OPERATION

The Fail-Safe condition is terminated by either a device
Reset or by entering a power-managed mode. On
Reset, the controller starts the primary clock source
specified in Configuration Register 1H (with any
required start-up delays that are required for the
Oscillator mode, such as the OST or PLL timer). The
INTOSC multiplexer provides the device clock until the
primary clock source becomes ready (similar to a Two-
Speed Start-up). The clock source is then switched to
the primary clock (indicated by the OSTS bit in the
OSCCON register becoming set). The Fail-Safe Clock
Monitor then resumes monitoring the peripheral clock.

The primary clock source may never become ready
during start-up. In this case, operation is clocked by the
INTOSC multiplexer. The OSCCON register will remain
in its Reset state untii a power-managed mode is
entered.

DS39960D-page 424
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FIGURE 28-5: FSCM TIMING DIAGRAM
Sample Clock _,—l—l—l—l—l—
Device : : : . Oscillator : :
Clock ! X : ' Failure : :
Output ' . : . ) )
CM Output ' , ' : ' :
Q) %_l Z : !
: : : : : Failure !
' ) ! ) ! Detected
OSCFIF : : : : : ; -
CM Test CM Test CM Test
Note: The device clock is normally at a much higher frequency than the sample clock. The relative frequencies in this
example have been chosen for clarity.

28.5.3 FSCM INTERRUPTS IN

POWER-MANAGED MODES

By entering a power-managed mode, the clock
multiplexer selects the clock source selected by the
OSCCON register. Fail-Safe Clock Monitoring of
the power-managed clock source resumes in the
power-managed mode.

If an oscillator failure occurs during power-managed
operation, the subsequent events depend on whether
or not the Oscillator Failure Interrupt Flag bit is enabled
(OSCFIF =1). If enabled, code execution will be
clocked by the INTOSC multiplexer. An automatic
transition back to the failed clock source will not occur.

If the interrupt is disabled, subsequent interrupts while
in Idle mode will cause the CPU to begin executing
instructions while being clocked by the INTOSC
source.

28.5.4 POR OR WAKE FROM SLEEP

The FSCM is designed to detect oscillator failure at any
point after the device has exited Power-on Reset
(POR) or low-power Sleep mode. When the primary
device clock is EC, RC or INTRC modes, monitoring
can begin immediately following these events.

For Oscillator modes involving a crystal or resonator
(HS, HSPLL, LP or XT), the situation is somewhat
different. Since the oscillator may require a start-up
time considerably longer than the FCSM sample clock
time, a false clock failure may be detected. To prevent
this, the internal oscillator block is automatically config-
ured as the device clock and functions until the primary
clock is stable (when the OST and PLL timers have
timed out).

This is identical to Two-Speed Start-up mode. Once the
primary clock is stable, the INTOSC returns to its role
as the FSCM source.

Note:  The same logic that prevents false oscilla-
tor failure interrupts on POR, or wake from
Sleep, also prevents the detection of the
oscillator’s failure to start at all following
these events. This can be avoided by
monitoring the OSTS bit and using a
timing routine to determine if the oscillator
is taking too long to start. Even so, no
oscillator failure interrupt will be flagged.

As noted in Section 28.4.1 “Special Considerations
for Using Two-Speed Start-up”, it is also possible to
select another clock configuration and enter an
alternate power-managed mode while waiting for the
primary clock to become stable. When the new power-
managed mode is selected, the primary clock is
disabled.

© 2009-2011 Microchip Technology Inc.
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RRNCF Rotate Right f (No Carry) SETF Set f
Syntax: RRNCF f{,d {,a}} Syntax: SETF f{,a}
Operands: 0<f<255 Operands: 0<f<255
d e [0,1] ae[01]
ae[01] Operation: FFh — f
Operation: (f<n>) — dest<n — 1>, Status Affected: None
(f<0>) — dest<7> ’
Encoding: | o110 [ 100a | ffff | frff |
Status Affected: N, Z
Description: The contents of the specified register
Encoding: [ 0100 [ooda | rrer [frer | P ars oot 1o FEN P 9
Description: The contents of register ‘" are rotated If ‘2’ is ‘0", the Access Bank is selected
one bit to the right. If ‘d’ is ‘0’, the result IF'a’is ;1,' the BSR is used to select thé
is placed in W. If ‘d’ is ‘1’, the result is GPR bani(
placed back in register ‘f’. '
f o is ‘0’ . If ‘@’ is ‘0’ and the extended instruction
Ifa’is ‘0", the ,Agcess Bank will be o set is enabled, this instruction operates
selected, overriding the BSR value. If ‘a in Indexed Literal Offset Addressing
is ‘1’, then the bank will be selected as mode whenever f < 95 (5Fh). See
per the BSR value. Section 29.2.3 “Byte-Oriented and
If ‘a’ is ‘0’ and the extended instruction Bit-Oriented Instructions in Indexed
set is enabled, this instruction operates Literal Offset Mode” for details.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 29.2.3 “Byte-Oriented and Cycles: 1
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. Q1 Q2 Q3 Q4
|—> Decode Read Process Write
register ‘f’ Data register ‘f
Words: 1
Cycles: 1 Example: SETF REG 1
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 REG = 5Ah
Decode Read Process Write to After ll_\i’lEsguctlon - FFh
register ‘f’ Data destination -
Example 1: RRNCF REG 1, O
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF REG 0, O
Before Instruction
w = ?
REG = 1101 0111
After Instruction
W = 1110 1011
REG = 1101 0111

© 2009-2011 Microchip Technology Inc.
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30.11 PICKit 2 Development
Programmer/Debugger and
PICKit 2 Debug Express

The PICkit™ 2 Development Programmer/Debugger is
a low-cost development tool with an easy to use inter-
face for programming and debugging Microchip’s Flash
families of microcontrollers. The full featured
Windows® programming interface supports baseline
(PIC10F, PIC12F5xx, PIC16F5xx), midrange
(PIC12F6xx, PIC16F), PIC18F, PIC24, dsPIC30,
dsPIC33, and PIC32 families of 8-bit, 16-bit, and 32-bit
microcontrollers, and many Microchip Serial EEPROM
products. With Microchip’s powerful MPLAB Integrated
Development Environment (IDE) the PICkit™ 2
enables in-circuit debugging on most PIC® microcon-
trollers. In-Circuit-Debugging runs, halts and single
steps the program while the PIC microcontroller is
embedded in the application. When halted at a break-
point, the file registers can be examined and modified.

The PICkit 2 Debug Express include the PICkit 2, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

30.12 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an MMC card for file
storage and data applications.

30.13 Demonstration/Development
Boards, Evaluation Kits, and
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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FIGURE 31-19: I2C™ BUS DATA TIMING

103 = e . 100 ot i - .— 102

SDAX
In

SDAX
Out

Note: Refer to Figure 31-3 for load conditions.

TABLE 31-22: 1°C™ BUS DATA REQUIREMENTS (SLAVE MODE)

Pa’\:gm. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time 100 kHz mode 4.0 — us
400 kHz mode 0.6 — us
MSSP module 1.5 Tey —
101 TLow Clock Low Time 100 kHz mode 4.7 — us
400 kHz mode 1.3 — us
MSSP module 1.5 Tey —
102 TR SDAx and SCLx Rise Time| 100 kHz mode — 1000 ns
400 kHz mode 20+0.1CB 300 ns |CBis specified to be from
10 to 400 pF
103 TF SDAXx and SCLx Fall Time | 100 kHz mode — 300 ns
400 kHz mode 20+0.1CB 300 ns |CBis specified to be from
10 to 400 pF
90 Tsu:sTA | Start Condition Setup Time | 100 kHz mode 4.7 — pus  |Only relevant for Repeated
400 kHz mode 06 _ us Start condition
91 THD:STA | Start Condition Hold Time |100 kHz mode 4.0 — us |After this period, the first clock
400 kHz mode 06 _ us pulse is generated
106 THD:DAT |Data Input Hold Time 100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
107 TSu:DAT |Data Input Setup Time 100 kHz mode 250 — ns |(Note 2)
400 kHz mode 100 — ns
92 Tsu:sTO |Stop Condition Setup Time | 100 kHz mode 4.7 — us
400 kHz mode 0.6 — us
109 TAA Output Valid from Clock 100 kHz mode — 3500 ns |(Note 1)
400 kHz mode — — ns
110 TBUF Bus Free Time 100 kHz mode 4.7 — pus | Time the bus must be free before
400 kHz mode 13 _ us a new transmission can start
D102 Cs Bus Capacitive Loading — 400 pF
Note 1: As atransmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of
the falling edge of SCLx to avoid unintended generation of Start or Stop conditions.
2:  AFast mode [’C™ bus device can be used in a Standard mode 12C bus system, but the requirement, TSU:DAT > 250 ns,

must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCLx signal. If
such a device does stretch the LOW period of the SCLx signal, it must output the next data bit to the SDAXx line,

TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the Standard mode 12C bus specification), before the SCLx line
is released.
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CONFIG3H (Configuration 3 High) ..........cccccoveenneee 410
CONFIG3L (Configuration 3 Low)
CONFIGAL (Configuration 4 Low)
CONFIG5H (Configuration 5 High) .........coccceviennee
CONFIGS5L (Configuration 5 LOW)........ccccoeevniiieninenes
CONFIG6H (Configuration 6 High).... .
CONFIG6L (Configuration 6 Low)......
CONFIG7H (Configuration 7 High)....
CONFIGTL (Configuration 7 Low)......
CTMUCONH (CTMU Control High) ...
CTMUCONL (CTMU Control Low)........
CTMUICON (CTMU Current Control)
CVRCON (Comparator Voltage
Reference Control) .........ccccooveiiiiiiiniiineceen, 375
DAY (Day Value)........ccoiirieeiiieiie e
DEVID1 (Device ID 1)
DEVID2 (Device ID 2)
ECCPxAS (ECCPx Auto-Shutdown Control)............ 273
ECCPxDEL (Enhanced PWM Control) .........ccccceeueee
EECON1 (Data EEPROM Control 1)....
EECON1 (EEPROM Control 1)......ccccvevevvrieienienns
HLVDCON (High/Low-Voltage Detect Control)......... 379
HOUR (Hour Value)
INTCON (Interrupt Control)..........cccceevveniinieeiecenen.
INTCON2 (Interrupt Control 2)
INTCONS (Interrupt Control 3)
IPR1 (Peripheral Interrupt Priority 1)
IPR2 (Peripheral Interrupt Priority 2)
IPR3 (Peripheral Interrupt Priority 3)
IPR4 (Peripheral Interrupt Priority 4)
IPR5 (Peripheral Interrupt Priority 5)
IPR6 (Peripheral Interrupt Priority 6)
MEMCON (External Memory Bus Control) ...............
MINUTE (Minute Value).........ccocviiienniiieeeeeee
MONTH (Month Value) ........cccceeviveeiinennne
ODCONT1 (Peripheral Open-Drain Control 1)..
ODCONZ2 (Peripheral Open-Drain Control 2).....
ODCONS3 (Peripheral Open-Drain Control 3)..
OSCCON (Oscillator Control) .........cccceccveeiernieeineeeenn.
OSCCON2 (Oscillator Control 2)
OSCTUNE (Oscillator Tuning).......
PADCFG1 (Pad Configuration)...........ccccecvennee.
PIE1 (Peripheral Interrupt Enable 1).....
PIE2 (Peripheral Interrupt Enable 2).....
PIE3 (Peripheral Interrupt Enable 3).....
PIE4 (Peripheral Interrupt Enable 4).....
PIE5 (Peripheral Interrupt Enable 5)............cccc........
PIEG6 (Peripheral Interrupt Enable 6)...............cc.......
PIR1 (Peripheral Interrupt Request (Flag) 1)..
PIR2 (Peripheral Interrupt Request (Flag) 2)............
PIR3 (Peripheral Interrupt Request (Flag
(
(

PIR4 (Peripheral Interrupt Request (Flag

PMDO (Peripheral Module Disable 0)
PMD1 (Peripheral Module Disable 1) .........c.cccoeuenee.
PMD2 (Peripheral Module Disable 2) ............cccocuee....
PMD3 (Peripheral Module Disable 3) ...
PSPCON (Parallel Slave Port Control)......................
PSTRxCON (Pulse Steering Control) ............ccc.c.....
RCON (Reset Control).........cccccevveeennne
RCSTAX (Receive Status and Control).............c.......

REFOCON (Reference Oscillator Control) .................
Reserved
RTCCAL (RTCC Calibration) ..........cccceoveeeneicrnenen.

RTCCFG (RTCC Configuration)..........ccccccueeveencneanns
SECOND (Second Value) ............c.cooeverereeeeeeeennn
SSPxCON1 (MSSPx Control 1, 12C Mode)

SSPxCON1 (MSSPx Control 1, SPI Mode).............. 283
SSPxCON2 (MSSPx Control 2,

12C Master Mode) ...........ooveeeceeeeeeeeeeeeeeeeeeeeen. 294
SSPxCON2 (MSSPx Control 2,

12C Slave MOd€) ......o..oveoveeeeeeeeeeeeeeee . 295
SSPxMSK (I2C Slave Address Mask,

7-Bit Masking Mode)..........cccccovviieniiniinneene. 295
SSPxSTAT (MSSPx Status, 1°C Mode)................... 292

SSPxSTAT (MSSPx Status, SPI Mode)...................
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