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PIC18F87K90 FAMILY

TABLE 1-3: PIC18F6XK90 PINOUT 1/0O DESCRIPTIONS (CONTINUED)

. Pin Number | pjy | guffer .
Pin Name Description
QFN/TQFP |TyPe| Type
PORTA is a bidirectional I/O port.
RAO/ANO/ULPWU 24
RAO I/0 TTL Digital I/O.
ANO | Analog Analog Input 0.
ULPWU | Analog Ultra Low-Power Wake-up (ULPW) input.
RA1/AN1/SEG18 23
RA1 I/0 TTL Digital I/O.
AN1 | Analog Analog Input 1.
SEG18 O | Analog SEG18 output for LCD.
RA2/AN2/VREF- 22
RA2 I/0 TTL Digital I/0.
AN2 | Analog Analog Input 2.
VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 21
RA3 I/0 TTL Digital I/0.
AN3 | Analog Analog Input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI/SEG14 28
RA4 I/0 ST Digital I/0.
TOCKI | ST Timer0 external clock input.
SEG14 O | Analog SEG14 output for LCD.
RA5/AN4/SEG15/T1CKI/ 27
T3G/HLVDIN
RAS5 I/0 TTL Digital I/0.
AN4 | Analog Analog Input 4.
SEG15 O | Analog SEG15 output for LCD.
T1CKI | ST Timer1 clock input.
T3G | ST Timer3 external clock gate input.
HLVDIN I | Analog High/Low-Voltage Detect (HLVD) input.
RAG6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7 pin.
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™ = [2C/SMBus

Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
. Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K90 and PIC18F85K90 devices.
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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 is derived from 16 MHz INTOSC source (divide-by-512 enabled, HF-INTOSC)
0 = 31 kHz device clock is 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 TUN<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

3.3 Clock Sources and
Oscillator Switching

Essentially, PIC18F87K90 family devices have these
independent clock sources:

* Primary oscillators

» Secondary oscillators

« Internal oscillator

The primary oscillators can be thought of as the main
device oscillators. These are any external oscillators
connected to the OSC1 and OSC2 pins, and include
the External Crystal and Resonator modes and the
External Clock modes. If selected by the OSC<3:0>
Configuration bits (CONFIG1H<3:0>), the internal
oscillator block may be considered a primary oscillator.
The internal oscillator block can be one of the following:

* 31 kHz LF-INTRC source

* 31 kHz to 500 kHz MF-INTOSC source

* 31 kHz to 16 MHz HF-INTOSC source

The particular mode is defined by the OSC

Configuration bits. The details of these modes are
covered in Section 3.4 “External Oscillator Modes”.

The secondary oscillators are external clock
sources that are not connected to the OSC1 or OSC2
pin. These sources may continue to operate, even
after the controller is placed in a power-managed

mode. PIC18F87K90 family devices offer the SOSC
(Timer1/3/5/7) oscillator as a secondary oscillator
source. This oscillator, in all power-managed modes, is
often the time base for functions, such as a Real-Time
Clock (RTC).

The SOSCEN bit in the corresponding timer should be
set correctly for the enabled SOSC. The
SOSCEL<1:0> bits (CONFIG1L<4:3>) decide the
SOSC mode of operation:

* 11 = High-power SOSC circuit
» 10 = Digital (SCLKI) mode
* 01 = Low-power SOSC circuit

In addition to being a primary clock source in some
circumstances, the internal oscillator is available as a
power-managed mode clock source. The LF-INTOSC
source is also used as the clock source for several
special features, such as the WDT and Fail-Safe Clock
Monitor. The internal oscillator block is discussed in
more detail in Section 3.6 “Internal Oscillator
Block”.

The PIC18F87K90 family includes features that allow
the device clock source to be switched from the main
oscillator, chosen by device configuration, to one of the
alternate clock sources. When an alternate clock
source is enabled, various power-managed operating
modes are available.

© 2009-2011 Microchip Technology Inc.

DS39957D-page 45



PIC18F87K90 FAMILY

3.3.1 0OSC1/0SC2 OSCILLATOR

The OSC1/0OSC2 oscillator block is used to provide the
oscillator modes and frequency ranges:

Mode Design Operating Frequency
LP 31.25-100 kHz
XT 100 kHz to 4 MHz
HS 4 MHz to 25 MHz
EC 0 to 64 MHz (external clock)
EXTRC 0 to 4 MHz (external RC)

The crystal-based oscillators (XT, HS and LP) have a
built-in start-up time. The operation of the EC and
EXTRC clocks is immediate.

3.3.2 CLOCK SOURCE SELECTION

The System Clock Select bits, SCS<1:>0
(OSCCON2<1:0>), select the clock source. The avail-
able clock sources are the primary clock defined by the
0OSC<3:0> Configuration bits, the secondary clock
(SOSC oscillator) and the internal oscillator. The clock
source changes after one or more of the bits is written
to, following a brief clock transition interval.

The OSTS (OSCCON<3>) and SOSCRUN
(OSCCON2<6>) bits indicate which clock source is
currently providing the device clock. The OSTS bit
indicates that the Oscillator Start-up Timer (OST) has
timed out and the primary clock is providing the device
clock in primary clock modes. The SOSCRUN bit
indicates when the SOSC oscillator (from Timer1/3/5/7)
is providing the device clock in secondary clock modes.
In power-managed modes, only one of these bits will
be set at any time. If neither of these bits is set, the
INTRC is providing the clock, or the internal oscillator
has just started and is not yet stable.

The IDLEN bit (OSCCON<7>) determines if the device

goes into Sleep mode or one of the Idle modes when
the SLEEP instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 4.0
“Power-Managed Modes”.

Note 1. The secondary oscillator must be enabled
to select the secondary clock source. The
SOSC oscillator is enabled by setting the
SOSCGO bit in the OSCCON2 register
(OSCCON<3>). If the SOSC oscillator is
not enabled, then any attempt to select a
secondary clock source when executing a
SLEEP instruction will be ignored.

2. It is recommended that the secondary
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the SOSC

3.3.21 System Clock Selection and Device
Resets

Since the SCS bits are cleared on all forms of Reset,
this means the primary oscillator, defined by the
0OSC<3:0> Configuration bits, is used as the primary
clock source on device Resets. This could either be the
internal oscillator block by itself, or one of the other
primary clock source (HS, EC, XT, LP, External RC and
PLL-enabled modes).

In those cases when the internal oscillator block, with-
out PLL, is the default clock on Reset, the Fast RC
oscillator (INTOSC) will be used as the device clock
source. It will initially start at 8 MHz; the postscaler
selection that corresponds to the Reset value of the
IRCF<2:0> bits (‘110’).

Regardless of which primary oscillator is selected,
INTRC will always be enabled on device power-up. It
serves as the clock source until the device has loaded
its configuration values from memory. It is at this point
that the OSC Configuration bits are read and the
oscillator selection of the operational mode is made.

Note that either the primary clock source or the internal
oscillator will have two bit setting options for the possible
values of the SCS<1:0> bits, at any given time.

3.3.3 OSCILLATOR TRANSITIONS

PIC18F87K90 family devices contain circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs dur-
ing the clock switch. The length of this pause is the sum
of two cycles of the old clock source and three to four
cycles of the new clock source. This formula assumes
that the new clock source is stable.

Clock transitions are discussed in greater detail in
Section 4.1.2 “Entering Power-Managed Modes”.

34 External Oscillator Modes

3.4.1 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS (HS MODES)

In HS or HSPLL Oscillator modes, a crystal or ceramic
resonator is connected to the OSC1 and OSC2 pins to
establish oscillation. Figure 3-2 shows the pin
connections.

The oscillator design requires the use of a crystal rated
for parallel resonant operation.

Note:  Use of a crystal rated for series resonant
operation may give a frequency out of the
crystal manufacturer’s specifications.

oscillator starts.

DS39957D-page 46
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In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-3 shows how the R/C combination is
connected.

FIGURE 3-3: RC OSCILLATOR MODE
VDD
REXT
Internal
1
L OS¢ {}4[—» Clock
CEXT J; p—
— PIC18FXXXX
Vss —
—-+—1 OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
20 pF < CEXT < 300 pF

The RCIO Oscillator mode (Figure 3-4) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose /O pin. The /O pin
becomes bit 6 of PORTA (RAB).

FIGURE 3-4: RCIO OSCILLATOR MODE
VDD
REXT
Internal
L 0891 {}—4{—» Clock
CEXT J; p—
— PIC18FXXXX
Vss —
RA6 -e-—| 1/0 (OSC2)
Recommended values: 3 kQQ < REXT < 100 kQ
20 pF < CEXT < 300 pF

3.5.1 EXTERNAL CLOCK INPUT
(EC MODES)

The EC and ECPLL Oscillator modes require an
external clock source to be connected to the OSC1 pin.
There is no oscillator start-up time required after a
Power-on Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency,
divided by 4, is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-5 shows the pin connections for the EC
Oscillator mode.

FIGURE 3-5: EXTERNAL CLOCK

INPUT OPERATION
(EC CONFIGURATION)

Clock from ~l>o—> OSC1/CLKI
Ext. System PIC18F87K90

Fosc/4 -«—— OSC2/CLKO

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 3-6. In
this configuration, the divide-by-4 output on OSC2 is
not available. Current consumption in this configuration
will be somewhat higher than EC mode, as the internal
oscillator’s feedback circuitry will be enabled (in EC
mode, the feedback circuit is disabled).

FIGURE 3-6: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>®—> 0SCH1
Ext. System PIC18F87K90

(HS Mode)

Open «———] OSC2

3.5.2 PLL FREQUENCY MULTIPLIER

A Phase Lock Loop (PLL) circuit is provided as an
option for users who want to use a lower frequency
oscillator circuit, or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are concerned with EMI due
to high-frequency crystals, or users who require higher
clock speeds from an internal oscillator.

3.5.2.1 HSPLL and ECPLL Modes

The HSPLL and ECPLL modes provide the ability to
selectively run the device at four times the external
oscillating source to produce frequencies up to 64 MHz.

The PLL is enabled by setting the PLLEN bit
(OSCTUNE<6>) or the PLLCFG bit (CONFIG1H<4>).
The PLLEN bit provides software control for the PLL,
even if PLLCFG is set to ‘0’. The PLL is enabled only
when the HS or EC oscillator frequency is within the
4 MHz to 16 MHz input range.

This enables additional flexibility for controlling the
application’s clock speed in software. The PLLEN
should be enabled in HS or EC Oscillator mode only if
the input frequency is in the range of 4 MHz-16 MHz.

DS39957D-page 48
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FIGURE 3-7:

PLLCFG (CONFIG1H<4>) :E>_
PLL Enable (OSCTUNE)

PLL BLOCK DIAGRAM
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3.5.2.2 PLL and HF-INTOSC

The PLL is available to the internal oscillator block
when the internal oscillator block is configured as the
primary clock source. In this configuration, the PLL is
enabled in software and generates a clock output of up
to 64 MHz.

The operation of INTOSC with the PLL is described in
Section 3.6.2“INTPLL Modes”. Care should be taken
that the PLL is enabled only if the HF-INTOSC
postscaler is configured for 8 MHz or 16 MHz.

3.6 Internal Oscillator Block

The PIC18F87K90 family of devices includes an
internal oscillator block which generates two different
clock signals. Either clock can be used as the micro-
controller’s clock source, which may eliminate the need
for an external oscillator circuit on the OSC1 and/or
OSC2 pins.

The internal oscillator consists of three blocks, depend-
ing on the frequency of operation. They are
HF-INTOSC, MF-INTOSC and LF-INTRC.

In HF-INTOSC mode, the internal oscillator can provide
a frequency, ranging from 31 kHz to 16 MHz, with the
postscaler deciding the selected frequency
(IRCF<2:0>).

The INTSRC bit (OSCTUNE<7>) and MFIOSEL bit
(OSCCON2<0>) also decide which INTOSC provides
the lower frequency (500 kHz to 31 kHz). For the
HF-INTOSC to provide these frequencies, INTSRC = 1
and MFIOSEL = 0.

In HF-INTOSC, the postscaler (IRCF<2:0>) provides the
frequency range of 31 kHz to 16 MHz. If HF-INTOSC is
used with the PLL, the input frequency to the PLL should
be 8 MHz or 16 MHz (IRCF<2:0> =111, 110).

For MF-INTOSC mode to provide a frequency range of
500 kHz to 31 kHz, INTSRC = 1 and MFIOSEL = 1.
The postscaler (IRCF<2:0>), in this mode, provides the
frequency range of 31 kHz to 500 kHz.

The LF-INTRC can provide only 31 kHz if INTSRC = 0.

The LF-INTRC provides 31 kHz and is enabled if it is
selected as the device clock source. The mode is
enabled automatically when any of the following is
enabled:

* Power-up Timer

» Fail-Safe Clock Monitor

» Watchdog Timer

» Two-Speed Start-up

These features are discussed in greater detail in
Section 28.0 “Special Features of the CPU”".

The clock source frequency (HF-INTOSC, MF-INTOSC
or LF-INTRC direct) is selected by configuring the IRCF
bits of the OSCCON register, as well the INTSRC and
MFIOSEL bits. The default frequency on device Resets
is 8 MHz.

3.6.1 INTIO MODES
Using the internal oscillator as the clock source elimi-
nates the need for up to two external oscillator pins,
which can then be used for digital 1/0. Two distinct
oscillator configurations, which are determined by the
OSC Configuration bits, are available:
* In INTIO1 mode, the OSC2 pin (RAB) outputs
Fosc/4, while OSC1 functions as RA7 (see
Figure 3-8) for digital input and output.
* In INTIO2 mode, OSC1 functions as RA7 and
OSC2 functions as RA6 (see Figure 3-9). Both
are available as digital input and output ports.

FIGURE 3-8: INTIO1 OSCILLATOR MODE

RA7 <— /0 (OSC1)
PIC18F87K90

Fosc/4 -«—» OSC2

FIGURE 3-9: INTIO2 OSCILLATOR MODE

RA7 <-—| /0 (OSC1)
PIC18F87K90
RA6 <-—| I/0 (OSC2)

© 2009-2011 Microchip Technology Inc.
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6.6.3 MAPPING THE ACCESS BANK IN

INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the lower part of Access RAM
(00h to 5Fh) is mapped. Rather than containing just the
contents of the bottom part of Bank 0, this mode maps
the contents from Bank 0 and a user-defined “window”
that can be located anywhere in the data memory
space.

The value of FSR2 establishes the lower boundary of
the addresses mapped into the window, while the
upper boundary is defined by FSR2 plus 95 (5Fh).
Addresses in the Access RAM above 5Fh are mapped
as previously described. (See Section 6.3.2 “Access
Bank”.) An example of Access Bank remapping in this
addressing mode is shown in Figure 6-10.

Remapping the Access Bank applies only to operations
using the Indexed Literal Offset mode. Operations that
use the BSR (Access RAM bit = 1) will continue to use
Direct Addressing as before. Any Indirect or Indexed
Addressing operation that explicitly uses any of the
indirect file operands (including FSR2) will continue to
operate as standard Indirect Addressing. Any
instruction that uses the Access Bank, but includes a
register address of greater than 05Fh, will use Direct
Addressing and the normal Access Bank map.

6.6.4 BSR IN INDEXED LITERAL

OFFSET MODE

Although the Access Bank is remapped when the
extended instruction set is enabled, the operation of the
BSR remains unchanged. Direct Addressing, using the
BSR to select the data memory bank, operates in the
same manner as previously described.

FIGURE 6-10: REMAPPING THE ACCESS BANK WITH INDEXED LITERAL
OFFSET ADDRESSING
Example Situation:
000h
ADDVF f, d, a 05Fh Not Accessible
FSR2H:FSR2L = 120h
Locations in the region Bank 0
from the FSR2 Pointer 100h
(120h) to the pointer plus 120hfF — — — — 4
05Fh (17Fh) are mapped  47pp Window ]’ 00h
to the bottom of the [ T o o ] \
Bank 1 Y "
Access RAM (000h-05Fh). 200h Bank 1 “Window
Special Function Registers [ (= = = — — 252
at F60h through FFFh are J
mapped to 60h through ha Bank 2 A
FFh, as usual. through SFRs
Bank 0 addresses below Bank 14
5Fh are not available in FFh
this mode. They can still Access Bank
be addressed by using the FOOh
BSR.
Bank 15
FeOh | — — — — —
SFRs
FFFh
Data Memory

© 2009-2011 Microchip Technology Inc.
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REGISTER 10-20: IPR5: PERIPHERAL INTERRUPT PRIORITY REGISTER 5

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMR7GIPY | TMR12IPD) | TMR10IPD | TMR8IP | TMR7IPY | TMR6IP TMR5IP TMR4IP
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 TMR7GIP: TMR7 Gate Interrupt Priority bit(})
1 = High priority
0 = Low priority
bit 6 TMR12IP: TMR12 to PR12 Match Interrupt Priority bit(?)
1 = High priority
0 = Low priority
bit 5 TMR10IP: TMR10 to PR10 Match Interrupt Priority bit(?)
1 = High priority
0 = Low priority
bit 4 TMRS8IP: TMR8 to PR8 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TMR7IP;: TMR7 Overflow Interrupt Priority bit™®)
1 = High priority
0 = Low priority
bit 2 TMRG6IP: TMR6 to PR6 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMRS5IP: TMR5 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMRA4IP: TMR4 to PR4 Match Interrupt Priority bit

1 = High priority
0 = Low priority

Note 1: Unimplemented in devices with a program memory of 32 Kbytes (PIC18FX5K90).
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REGISTER 17-11: HOUR: HOUR VALUE REGISTER®

U-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— — HRTEN1 HRTENO HRONE3 HRONE2 HRONE1 HRONEOQ
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 Unimplemented: Read as ‘0’
bit 5-4 HRTEN<1:0>: Binary Coded Decimal Value of Hour’s Tens Digit bits

Contains a value from 0 to 2.

bit 3-0 HRONE<3:0>: Binary Coded Decimal Value of Hour’s Ones Digit bits

Contains a value from 0 to 9.

Note 1: A write to this register is only allowed when RTCWREN = 1.

REGISTER 17-12: MINUTE: MINUTE VALUE REGISTER

uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— MINTEN2 MINTENA1 MINTENO | MINONE3 MINONE2 MINONE1 MINONEO
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 Unimplemented: Read as ‘0’
bit 6-4 MINTEN<2:0>: Binary Coded Decimal Value of Minute’s Tens Digit bits

Contains a value from 0 to 5.

bit 3-0 MINONE<3:0>: Binary Coded Decimal Value of Minute’s Ones Digit bits

Contains a value from 0 to 9.

REGISTER 17-13: SECOND: SECOND VALUE REGISTER

U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— SECTEN2 | SECTEN1 | SECTENO | SECONE3 | SECONE2 SECONE1 | SECONEO
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 Unimplemented: Read as ‘0’
bit 6-4 SECTEN<2:0>: Binary Coded Decimal Value of Second’s Tens Digit bits

Contains a value from 0 to 5.

bit 3-0 SECONE<3:0>: Binary Coded Decimal Value of Second’s Ones Digit bits

Contains a value from 0 to 9.
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17.2.2 CLOCK SOURCE

As previously mentioned, the RTCC module is intended
to be clocked by an external Real-Time Clock (RTC)
crystal oscillating at 32.768 kHz, but an internal oscillator
can be used. The RTCC clock selection is decided by
the RTCOSC bit (CONFIG3L<0>).

Calibration of the crystal can be done through this
module to yield an error of 3 seconds or less per month.
(For further details, see Section 17.2.9 “Calibration”.)

FIGURE 17-4: CLOCK SOURCE MULTIPLEXING
32.768 kHz XTAL Half S g
alf Secon
from SOSC 1:16384 Clock ) One Second Clock
Clock Prescaler® Half Second

Internal RC
CONFIG3L<0>

Second Hour:Minute Day IZfa\);Veek Month Year

Note 1: Writing to the lower half of the MINSEC register resets all counters, allowing fraction of a second
synchronization; clock prescaler is held in Reset when RTCEN = 0.

17.2.21 Real-Time Clock Enable

The RTCC module can be clocked by an external
32.768 kHz crystal (SOSC oscillator), or the LF-INTOSC
oscillator, which can be selected in CONFIG3L<0>.

If the external clock is used, the SOSC oscillator should
be enabled via the SOSCGO bit (OSCCON2<3>). If
LF-INTOSC is providing the clock, the INTOSC clock
can be brought out to the RTCC pin by the RTSEC-
SEL<1:0> bits (PADCFG<2:1>).

17.2.3 DIGIT CARRY RULES

This section explains which timer values are affected
when there is a rollover:

» Time of Day: From 23:59:59 to 00:00:00 with a
carry to the Day field

* Month: From 12/31 to 01/01 with a carry to the
Year field

» Day of Week: From 6 to 0 with no carry (see
Table 17-1)

* Year Carry: From 99 to 00; this also surpasses the
use of the RTCC

For the day-to-month rollover schedule, see Table 17-2.

Because the following values are in BCD format, the
carry to the upper BCD digit occurs at the count of 10,
not 16 (SECONDS, MINUTES, HOURS, WEEKDAY,
DAYS and MONTHS).

TABLE 17-1: DAY OF WEEK SCHEDULE
Day of Week
Sunday 0
Monday 1
Tuesday 2
Wednesday 3
Thursday 4
Friday 5
Saturday 6
TABLE 17-2: DAY-TO-MONTH ROLLOVER
SCHEDULE
Month Maximum Day Field
01 (January) 31
02 (February) 28 or 29
03 (March) 31
04 (April) 30
05 (May) 31
06 (June) 30
07 (July) 31
08 (August) 31
09 (September) 30
10 (October) 31
11 (November) 30
12 (December) 31

Note 1: See Section 17.2.4“Leap Year”.
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18.1.2 OPEN-DRAIN OUTPUT OPTION

When operating in Output mode (the Compare or PWM
modes), the drivers for the CCPx pins can be optionally
configured as open-drain outputs. This feature allows
the voltage level on the pin to be pulled to a higher level
through an external pull-up resistor and allows the
output to communicate with external circuits without the
need for additional level shifters.

The open-drain output option is controlled by the
CCPxOD bits (ODCON2<7:2>). Setting the appropriate
bit configures the pin for the corresponding module for
open-drain operation.

18.1.3 PIN ASSIGNMENT FOR CCP6,
CCP7, CCP8 AND CCP9

The pin assignment for CCP6/7/8/9 (Capture input,
Compare and PWM output) can change, based on the
device configuration.

The ECCPMX Configuration bit (CONFIG3H<1>)
determines the pin to which CCP6/7/8/9 is multiplexed.
The pin assignments for these CCP modules are given
in Table 18-4.

TABLE 18-4: CCP PIN ASSIGNMENT

ECCPMX Pin Mapped To
Value CCP6 | CCP7 | cCPs8 cco
1
(Default RE6 RE5 RE4 RE3
0 RH7 RH6 RH5 RH4

18.2 Capture Mode

In Capture mode, the CCPR4H:CCPRAL register pair
captures the 16-bit value of the TMR1 or TMRS register
when an event occurs on the CCP4 pins. An event is
defined as one of the following:

» Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

The event is selected by the mode select bits,
CCP4M<3:0> (CCP4CON<3:0>). When a capture is
made, the interrupt request flag bit, CCP4IF (PIR4<1>),
is set. (It must be cleared in software.) If another
capture occurs before the value in CCPR4 is read, the

old captured value is overwritten by the new captured
value.

Figure 18-1 shows the Capture mode block diagram.

18.2.1 CCP PIN CONFIGURATION

In Capture mode, the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note: If RC1 or RE7 is configured as a CCP4
output, a write to the PORT causes a
capture condition.

18.2.2 TIMER1/3/5/7 MODE SELECTION

For the available timers (1/3/5/7) to be used for the cap-
ture feature, the used timers must be running in Timer
mode or Synchronized Counter mode. In Asynchronous
Counter mode, the capture operation may not work.

The timer to be used with each CCP module is selected
in the CCPTMRSx registers. (See Section 18.1.1 “CCP
Modules and Timer Resources”.)

Details of the timer assignments for the CCP modules
are given in Table 18-2 and Table 18-3.
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REGISTER 21-4:

SSPXCON1: MSSPx CONTROL REGISTER 1 (I°C™ 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
WCOL ssPov | ssPEN® CKP ssPm3® | sspm2® | sspm1® [ ssPmo®
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 WCOL: Write Collision Detect bit
In Master Transmit mode:
1= A write to the SSPxBUF register was attempted while the I2C conditions were not valid for a
transmission to be started (must be cleared in software)
0 = No collision
In Slave Transmit mode:
1 = The SSPxBUF register is written while it is still transmitting the previous word (must be cleared in
software)
0 = No collision
In Receive mode (Master or Slave modes):
This is a “don’t care” bit.
bit 6 SSPOV: Receive Overflow Indicator bit
In Receive mode:
1 = A byte is received while the SSPxBUF register is still holding the previous byte (must be cleared in
software)
0 = No overflow
In Transmit mode:
This is a “don’t care” bit in Transmit mode.
bit 5 SSPEN: Master Synchronous Serial Port Enable bit()
1 = Enables the serial port and configures the SDAx and SCLx pins as the serial port pins
0 = Disables the serial port and configures these pins as /O port pins
bit 4 CKP: SCKx Release Control bit
In Slave mode:
1 = Releases clock
0 = Holds clock low (clock stretch); used to ensure data setup time
In Master mode:
Unused in this mode.
bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits@)

1111 = I2C Slave mode: 10-bit address with Start and Stop bit interrupts enabled
1110 = I2C Slave mode: 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (slave Idle)

1001 = Load the SSPMSK register at the SSPXADD SFR address(®4)

1000 = I°C Master mode: Clock = FOSC/(4 * (SSPXADD + 1))

0111 = I°C Slave mode: 10-bit address

0110 = I2C Slave mode: 7-bit address

Note 1. When enabled, the SDAx and SCLx pins must be configured as inputs.
2: Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.
3:  When SSPM<3:0> = 1001, any reads or writes to the SSPxADD SFR address actually access the

SSPxMSK register.

4: This mode is only available when 7-Bit Address Masking mode is selected (MSSPMSK Configuration bit is ‘1’).
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21.4.3.5 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPxSTAT
register is cleared. The received address is loaded into
the SSPxBUF register and the SDAXx line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit, BF (SSPxSTAT<0>),
is set or bit, SSPOV (SSPxCON1<6>), is set.

An MSSP interrupt is generated for each data transfer
byte. The interrupt flag bit, SSPxIF, must be cleared in
software. The SSPxSTAT register is used to determine
the status of the byte.

If SEN is enabled (SSPxCON2<0> = 1), SCLx will be
held low (clock stretch) following each data transfer. The
clock must be released by setting bit, CKP
(SSPxCON1<4>). See Section 21.4.4 *“Clock
Stretching” for more details.

21.4.3.6 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPxSTAT register is set. The received address is
loaded into the SSPxBUF register. The ACK pulse will
be sent on the ninth bit and pin, SCLX, is held low
regardless of SEN (see Section 21.4.4 *“Clock
Stretching” for more details). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data. The
transmit data must be loaded into the SSPxBUF regis-
ter which also loads the SSPxSR register. Then, pin,
SCLx, should be enabled by setting bit, CKP
(SSPxCON1<4>). The eight data bits are shifted out on
the falling edge of the SCLx input. This ensures that the
SDAx signal is valid during the SCLx high time
(Figure 21-10).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCLx input pulse. If the
SDAX line is high (not ACK), then the data transfer is
complete. In this case, when the ACK is latched by the
slave, the slave logic is reset and the slave monitors for
another occurrence of the Start bit. If the SDAX line was
low (ACK), the next transmit data must be loaded into
the SSPxBUF register. Again, pin, SCLx, must be
enabled by setting bit, CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPxIF bit must be cleared in software and
the SSPxSTAT register is used to determine the status
of the byte. The SSPxIF bit is set on the falling edge of
the ninth clock pulse.
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REGISTER 24-1: CMxCON: COMPARATOR CONTROL x REGISTER

R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO
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 CON: Comparator Enable bit
1 = Comparator is enabled
0 = Comparator is disabled
bit 6 COE: Comparator Output Enable bit
1 = Comparator output is present on the CxOUT pin
0 = Comparator output is internal only
bit 5 CPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 4-3 EVPOL<1:0>: Interrupt Polarity Select bits
11 = Interrupt generation on any change of the output®
10 = Interrupt generation only on high-to-low transition of the output
01 = Interrupt generation only on low-to-high transition of the output
00 = Interrupt generation is disabled
bit 2 CREF: Comparator Reference Select bit (non-inverting input)
1 = Non-inverting input connects to the internal CVREF voltage
0 = Non-inverting input connects to the CxINA pin
bit 1-0 CCH<1:0>: Comparator Channel Select bits
11 = Inverting input of the comparator connects to VBG
10 = Inverting input of the comparator connects to the C2INB or C2IND pin(2’3)
01 = Inverting input of the comparator connects to the CxINC pin(3)
00 = Inverting input of the comparator connects to the CxINB pin
Note 1: The CMPxIF bit is automatically set any time this mode is selected and must be cleared by the application
after the initial configuration.
2: Comparators, 1 and 3, use C2INB as an input to the inverting terminal; Comparator 2 uses C2IND.
3:  C1INC, C2INC and C2IND are all unavailable for 64-pin devices (PIC18F6XK90).

DS39957D-page 390 © 2009-2011 Microchip Technology Inc.




PIC18F87K90 FAMILY

TABLE 28-4: SUMMARY OF CODE PROTECTION REGISTERS

File Name Bit 7 Bit 6 Bit 5

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

300008h |CONFIG5L | cP7® | cpe® | cps)

cp4® CP3 CP2 CP1 CPO

300009h |CONFIGSH| CPD CPB —

30000Ah | CONFIG6L | WRT7® | wrTe® | wRT5W | WRT4M | WRT3 WRT2 WRT1 WRTO

30000Bh | CONFIG6H| WRTD WRTB WRTC

30000Ch | CONFIG7L | EBRT7® |EBRT6® | EBTR5W | EBTR4W | EBTR3 EBTR2 | EBTR1 EBTRO

30000Dh | CONFIG7H — EBTRB —

Legend: Shaded cells are unimplemented.

Note 1: This bit is available only on the PIC18F67K90 and PIC18F87K90 devices.

28.6.1 PROGRAM MEMORY
CODE PROTECTION

The program memory may be read to, or written from,
any location using the table read and table write
instructions. The Device ID may be read with table
reads. The Configuration registers may be read and
written with the table read and table write instructions.

In Normal Execution mode, the CPn bits have no direct
effect. CPn bits inhibit external reads and writes. A block
of user memory may be protected from table writes if the
WRTn Configuration bit is ‘0’.

The EBTRn bits control table reads. For a block of user

location outside of that block is not allowed to read and
will result in reading ‘O’s. Figures 28-7 through 28-9
illustrate table write and table read protection.

Note:  Code protection bits may only be written
toa ‘0’ from a ‘1’ state. It is not possible to
write a ‘1’ to a bit in the ‘0’ state. Code
protection bits are only set to ‘1’ by a full
chip erase or block erase function. The full
chip erase and block erase functions can
only be initiated via ICSP or an external
programmer. Refer to the device
programming specification for more

information.
memory with the EBTRn bit set to ‘0’, a table read
instruction that executes from within that block is allowed
to read. A table read instruction that executes from a
FIGURE 28-7: TABLE WRITE (WRTn) DISALLOWED
Register Values Program Memory Configuration Bit Settings
000000h
WRTB, EBTRB =11
0007FFh
000800h
TBLPTR = 0008FFh —>
WRTO, EBTR0 =01
PC = 003FFEh TBLWI* 003FFFh
004000h
WRT1, EBTR1 =11
007FFFh
008000h
PC = 00BFFEh TBLWI* WRT2, EBTR2 =11
00BFFFh
00CO000h
WRTS3, EBTR3 =11
00FFFFh

Results: All table writes are disabled to Blockn whenever WRTn = 0.
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POP Pop Top of Return Stack
Syntax: POP
Operands: None
Operation: (TOS) — bit bucket
Status Affected: None
Encoding: | 0000 | 0000 [ 0000 [ o110 |
Description: The TOS value is pulled off the return
stack and is discarded. The TOS value
then becomes the previous value that
was pushed onto the return stack.
This instruction is provided to enable
the user to properly manage the return
stack to incorporate a software stack.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No POP TOS No
operation value operation
Example: POP
GOTO NEW

Before Instruction

TOS
Stack (1 level down)

After Instruction

TOS
PC

0031A2h
014332h

014332h
NEW

PUSH Push Top of Return Stack
Syntax: PUSH
Operands: None
Operation: (PC +2) > TOS
Status Affected: None
Encoding: | 0000 | 0ooo [ o0ooo [ o101 |
Description: The PC + 2 is pushed onto the top of
the return stack. The previous TOS
value is pushed down on the stack.
This instruction allows implementing a
software stack by modifying TOS and
then pushing it onto the return stack.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode PUSH No No
PC + 2 onto | operation operation
return stack
Example: PUSH
Before Instruction
TOS = 345Ah
PC = 0124h
After Instruction
PC = 0126h
TOS = 0126h
Stack (1 level down) = 345Ah
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XORWF Exclusive OR W with f
Syntax: XORWF  f{,d{,a}}
Operands: 0<f<255
de |0, 1]
ael0,1]
Operation: (W) .XOR. (f) — dest
Status Affected: N, Z
Encoding: \ 0001 | 10da \ fEff | fff \
Description: Exclusive OR the contents of W with
register ‘. If 'd’ is ‘0’, the result is stored
in W.If ‘d’is ‘1", the result is stored back
in the register ‘f".
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 29.2.3 “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: XORWF REG 1, O
Before Instruction
REG = AFh
w = B5h
After Instruction
REG = 1Ah
w = B5h
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30.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers and dsPIC® digital signal
controllers are supported with a full range of software
and hardware development tools:
* Integrated Development Environment

- MPLAB® IDE Software
« Compilers/Assemblers/Linkers

- MPLAB C Compiler for Various Device
Families

- HI-TECH C for Various Device Families
- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers
- MPLABICD 3
- PICkit™ 3 Debug Express
* Device Programmers
- PICKit™ 2 Programmer
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits, and Starter Kits

30.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16/32-bit
microcontroller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
» A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- In-Circuit Emulator (sold separately)

- In-Circuit Debugger (sold separately)
» A full-featured editor with color-coded context
* A multiple project manager

« Customizable data windows with direct edit of
contents

» High-level source code debugging
* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

» Extensive on-line help

« Integration of select third party tools, such as
IAR C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either C or assembly)

* One-touch compile or assemble, and download to
emulator and simulator tools (automatically
updates all project information)

» Debug using:

- Source files (C or assembly)
- Mixed C and assembly
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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FIGURE 31-10: CAPTURE/COMPARE/PWM TIMINGS (ECCP1, ECCP2 MODULES)

CCPx

(Capture Mode) —m

50 Co 51 —=! .

52

CCPx % l : Xk

(Compare or PWM Mode) . '
— :53| -— — 154: -—

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

TABLE 31-13: CAPTURE/COMPARE/PWM REQUIREMENTS (ECCP1, ECCP2 MODULES)

Pzrglm Symbol Characteristic Min Max Units Conditions
50 TccL CCPx InputLow | No prescaler 0.5 Tey + 20 — ns

Time With prescaler 10 — ns
51 TccH CCPx Input No prescaler 0.5 Tey + 20 — ns

High Time With prescaler 10 — ns
52 TccP CCPx Input Period 3Tcy +40 — ns |N =prescale

N value (1, 4 or 16)

53 TccR CCPx Output Fall Time — 25 ns
54 TccF CCPx Output Fall Time — 25 ns
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32.0 PACKAGING INFORMATION

32.1 Package Marking Information

64-Lead QFN (9x9x0.9 mm) Example
XXX XXXXXX PIC18F67K90
XXX XXXXXX -I/IMRe3
XXX XXXXXX 1110017
YYWWNNN
64-Lead TQFP Example
MICROCHIP MicCRoOCHIP
XXXXXXXXXX 18F67K90
XXXXXXXXXX -I/IPT@3
XXXXXXXXXX 1110017
O YYWWNNN e
80-Lead TQFP Example
MICROCHIP MicCROCHIP
XOXXXXXXXXXXX PIC18F87K90
XOXXXXXXXXXXX -I/PTE3
YYWWNNN 1110017
O O

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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