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What is "Embedded - Microcontrollers"?
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circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC18F87J50 FAMILY

64/80-Pin High-Performance, 1-Mbit Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

+ USB V2.0 Compliant SIE
* Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

» Supports Control, Interrupt, Isochronous and
Bulk Transfers

» Supports up to 32 Endpoints (16 bidirectional)
* 3.9-Kbyte Dual Access RAM for USB
* On-Chip USB Transceiver

Flexible Oscillator Structure:

* High-Precision PLL for USB
» Two External Clock modes, up to 48 MHz

« Internal 31 kHz Oscillator, Tunable Internal
Oscillator, 31 kHz to 8 MHz

» Secondary Oscillator using Timer1 @ 32 kHz
* Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

* High-Current Sink/Source 25 mA/25mA
(PORTB and PORTC)

» Four Programmable External Interrupts

» Four Input Change Interrupts

* Two Capture/Compare/PWM (CCP) modules

» Three Enhanced Capture/Compare/PWM (ECCP)
modules:

- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-shutdown and auto-restart

» Two Master Synchronous Serial Port (MSSP)
modules supporting 3-Wire SPI (all 4 modes) and
[2C™ Master and Slave modes

+ 8-Bit Parallel Master Port/Enhanced Parallel
Slave Port with 16 Address Lines

+ Dual Analog Comparators with Input Multiplexing

Peripheral Highlights (continued):
* 10-Bit, up to 12-Channel Analog-to-Digital (A/D)
Converter module:
- Auto-acquisition capability
- Conversion available during Sleep
* Two Enhanced USART modules:
- Supports RS-485, RS-232 and LIN 1.2
- Auto-wake-up on Start bit
- Auto-Baud Detect

External Memory Bus

(80-pin devices only):

» Address Capability of up to 2 Mbytes

» 8-Bit or 16-Bit Interface

* 12-Bit, 16-Bit and 20-Bit Addressing modes

Special Microcontroller Features:

» 5.5V Tolerant Inputs (digital-only pins)
» Low-Power, High-Speed CMOS Flash Technology

» C Compiler Optimized Architecture for
Re-Entrant Code

* Power Management Features:
- Run: CPU on, peripherals on
- Idle: CPU off, peripherals on
- Sleep: CPU off, peripherals off
* Priority Levels for Interrupts
+ Self-Programmable under Software Control
» 8 x 8 Single-Cycle Hardware Multiplier
» Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s
+ Single-Supply In-Circuit Serial Programming™
(ICSP™) via Two Pins

* In-Circuit Debug (ICD) with 3 Breakpoints via
Two Pins

» Operating Voltage Range of 2.0V to 3.6V
* On-Chip 2.5V Regulator

» Flash Program Memory of 10000 Erase/Write
Cycles and 20-Year Data Retention

© 2009 Microchip Technology Inc.
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2.2.51 OSCTUNE Register

The internal oscillator’s output has been calibrated at
the factory but can be adjusted in the user’s applica-
tion. This is done by writing to the OSCTUNE register
(Register 2-1). The tuning sensitivity is constant
throughout the tuning range.

When the OSCTUNE register is modified, the INTOSC
and INTRC frequencies will begin shifting to the new
frequency. The INTRC clock will reach the new
frequency within 8 clock cycles (approximately,
8 * 32 us =256 us). The INTOSC clock will stabilize
within 1 ms. Code execution continues during this shift.
There is no indication that the shift has occurred.

The OSCTUNE register also contains the INTSRC bit.
The INTSRC bit allows users to select which internal
oscillator provides the clock source when the 31 kHz
frequency option is selected. This is covered in greater
detail in Section 2.4.1 “Oscillator Control Register”.

The PLLEN bit, contained in the OSCTUNE register,
can be used to enable or disable the internal 96 MHz
PLL when running in one of the PLL type oscillator
modes (e.g., INTOSCPLL). Oscillator modes that do
not contain “PLL” in their name cannot be used with
the PLL. In these modes, the PLL is always disabled
regardless of the setting of the PLLEN bit.

When configured for one of the PLL enabled modes,
setting the PLLEN bit does not immediately switch the
device clock to the PLL output. The PLL requires up to
two milliseconds to start up and lock during which time
the device continues to be clocked. Once the PLL out-
put is ready, the microcontroller core will automatically
switch to the PLL derived frequency.

2252 Internal Oscillator Output Frequency
and Drrift

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.
However, this frequency may drift as VDD or tempera-
ture changes, which can affect the controller operation
in a variety of ways.

The low-frequency INTRC oscillator operates indepen-
dently of the INTOSC source. Any changes in INTOSC
across voltage and temperature are not necessarily
reflected by changes in INTRC and vice versa.

2253 Compensating for INTOSC Drift

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. When using the EUSART, for example, an
adjustment may be required when it 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 sug-
gest that the clock speed is too low; to compensate,
increment OSCTUNE to increase the clock frequency.

It is also possible to verify device clock speed against
a 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 greater than expected, then the internal
oscillator block is running too fast. To adjust for this,
decrement the OSCTUNE register.

Finally, 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 calcu-
lated 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.

© 2009 Microchip Technology Inc.
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3.2.3 RC_RUN MODE

In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator; the primary clock is
shut down. This mode provides the best power conser-
vation of all the Run modes while still executing code.
It works well for user applications which are not highly
timing sensitive or do not require high-speed clocks at
all times.

This mode is entered by setting the SCS1:SCSO0 bits
(OSCCON<1:0>) to ‘11’. When the clock source is
switched to the internal oscillator block (see
Figure 3-3), the primary oscillator is shut down and the
OSTS bit is cleared.

On transitions from RC_RUN mode to PRI_RUN mode,
the device continues to be clocked from the INTOSC
block while the primary clock is started. When the
primary clock becomes ready, a clock switch to the
primary clock occurs (see Figure 3-4). When the clock
switch is complete, the OSTS bit is set and the primary
clock is providing the device clock. The IDLEN and
SCS bits are not affected by the switch. The INTRC
block source will continue to run if either the WDT or the
Fail-Safe Clock Monitor is enabled.

FIGURE 3-3: TRANSITION TIMING TO RC_RUN MODE
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FIGURE 3-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
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Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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3.4.3 RC_IDLE MODE

In RC_IDLE mode, the CPU is disabled but the
peripherals continue to be clocked from the internal
oscillator block. This mode allows for controllable
power conservation during Idle periods.

From RC_RUN, this mode is entered by setting the
IDLEN bit and executing a SLEEP instruction. If the
device is in another Run mode, first set IDLEN, then
clear the SCS bits and execute SLEEP. When the clock
source is switched to the INTOSC block, the primary
oscillator is shut down and the OSTS bit is cleared.

When a wake event occurs, the peripherals continue to
be clocked from the internal oscillator block. After a
delay of Tcsp following the wake event, the CPU
begins executing code being clocked by the INTRC.
The IDLEN and SCS bits are not affected by the
wake-up. The INTRC source will continue to run if
either the WDT or the Fail-Safe Clock Monitor is
enabled.

3.5 Exiting Idle and Sleep Modes

An exit from Sleep mode, or any of the Idle modes, is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes sections (see Section 3.2 “Run Modes”,
Section 3.3 “Sleep Mode” and Section 3.4 “Idle
Modes”).

3.5.1 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit from an Idle mode, or the Sleep mode, to
a Run mode. To enable this functionality, an interrupt
source must be enabled by setting its enable bit in one
of the INTCON or PIE registers. The exit sequence is
initiated when the corresponding interrupt flag bit is set.

On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the
GIE/GIEH bit (INTCON<7>) is set. Otherwise, code
execution continues or resumes without branching
(see Section 9.0 “Interrupts”).

A fixed delay of interval, TcsD, following the wake event
is required when leaving Sleep and Idle modes. This
delay is required for the CPU to prepare for execution.
Instruction execution resumes on the first clock cycle
following this delay.

3.5.2 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section3.2 “Run
Modes” and Section 3.3 “Sleep Mode”). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 25.2 “Watchdog
Timer (WDT)”).

The Watchdog Timer and postscaler are cleared by one
of the following events:

* Executing a SLEEP or CLRWDT instruction

» The loss of a currently selected clock source (if
the Fail-Safe Clock Monitor is enabled)

3.56.3 EXIT BY RESET

Exiting an Idle or Sleep mode by Reset automatically
forces the device to run from the INTRC.

3.54 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

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

* PRI_IDLE mode, where the primary clock source
is not stopped; and

« the primary clock source is either the EC or
ECPLL mode.

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

© 2009 Microchip Technology Inc.
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5.1.6.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 5-2) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bits. The value
of the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System (RTOS) for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) Configuration bit. (Refer to
Section 25.1 “Configuration Bits” for a description of
the device Configuration bits.) If STVREN is set
(default), the 31st push will push the (PC + 2) value
onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the Stack
Pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st push
and the STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and set the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents
of the SFRs are not affected.

5.1.6.3

Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack, without disturbing normal program execu-
tion, is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

PUSH and POP Instructions

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by
decrementing the Stack Pointer. The previous value
pushed onto the stack then becomes the TOS value.

REGISTER 5-2: STKPTR: STACK POINTER REGISTER
R/C-0 R/C-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL™M | STKUNF( — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
Legend: C = Clearable only bit

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 STKFUL: Stack Full Flag bit("

1 = Stack became full or overflowed

0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit(")

1 = Stack underflow occurred
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP4:SP0: Stack Pointer Location bits

Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.

DS39775C-page 74
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REGISTER 9-3: INTCON3: INTERRUPT CONTROL REGISTER 3

R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF
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’ = Bit is cleared x = Bit is unknown
bit 7 INT2IP: INT2 External Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 INT1IP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 INT3IE: INT3 External Interrupt Enable bit
1 = Enables the INT3 external interrupt
0 = Disables the INT3 external interrupt
bit 4 INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt
bit 3 INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt
bit 2 INT3IF: INT3 External Interrupt Flag bit
1 = The INT3 external interrupt occurred (must be cleared in software)
0 = The INT3 external interrupt did not occur
bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur
bit 0 INT1IF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Note: Interrupt flag bits are set when an interrupt condition occurs regardless of the state of its corresponding
enable bit or the global interrupt enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.

© 2009 Microchip Technology Inc. DS39775C-page 125
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11.3.5 CHIP SELECT FEATURES

Up to two chip select lines, PMCS1 and PMCS2, are
available for the Master modes of the PMP. The two
chip select lines are multiplexed with the Most Signifi-
cant bits of the address bus (PMADDRH<6> and
PMADDRH<7>). When a pin is configured as a chip
select, it is not included in any address auto-increment/
decrement. The function of the chip select signals is
configured using the chip select function bits
(PMCONL<7:6>).

11.3.6 AUTO-INCREMENT/DECREMENT

While the module is operating in one of the Master
modes, the INCM bits (PMMODEH<3:4>) control the
behavior of the address value. The address can be
made to automatically increment or decrement after
each read and write operation. The address increments
once each operation is completed and the BUSY bit
goes to ‘0’. If the chip select signals are disabled and
configured as address bits, the bits will participate in
the increment and decrement operations; otherwise,
the CS2 and CS1 bit values will be unaffected.

11.3.7 WAIT STATES

In Master mode, the user has control over the duration
of the read, write and address cycles by configuring the
module wait states. Three portions of the cycle, the
beginning, middle and end, are configured using the
corresponding WAITBx, WAITMx and WAITEx bits in
the PMMODEL register.

The WAITB bits (PMMODEL<7:6>) set the number of
wait cycles for the data setup prior to the PMRD/PMWT
strobe in Mode 10, or prior to the PMENB strobe in
Mode 11. The WAITM bits (PMMODEL<5:2>) set the
number of wait cycles for the PMRD/PMWT strobe in
Mode 10, or for the PMENB strobe in Mode 11. When
this wait state setting is 0 then WAITB and WAITE have
no effect. The WAITE bits (PMMODEL<1:0>) define
the number of wait cycles for the data hold time after
the PMRD/PMWT strobe in Mode 10, or after the
PMENB strobe in Mode 11.

11.3.8 READ OPERATION

To perform a read on the Parallel Master Port, the user
reads the PMDIN1L register. This causes the PMP to
output the desired values on the chip select lines and
the address bus. Then the read line (PMRD) is strobed.
The read data is placed into the PMDIN1L register.

If the 16-bit mode is enabled (MODE16 = 1), the read
of the low byte of the PMDIN1L register will initiate two
bus reads. The first read data byte is placed into the
PMDIN1L register, and the second read data is placed
into the PMDIN1H.

Note that the read data obtained from the PMDIN1L
register is actually the read value from the previous
read operation. Hence, the first user read will be a
dummy read to initiate the first bus read and fill the read
register. Also, the requested read value will not be
ready until after the BUSY bit is observed low. Thus, in
a back-to-back read operation, the data read from the
register will be the same for both reads. The next read
of the register will yield the new value.

11.3.9 WRITE OPERATION

To perform a write onto the parallel bus, the user writes
to the PMDIN1L register. This causes the module to
first output the desired values on the chip select lines
and the address bus. The write data from the PMDIN1L
register is placed onto the PMD<7:0> data bus. Then
the write line (PMWR) is strobed. If the 16-bit mode is
enabled (MODE16 = 1), the write to the PMDIN1L reg-
ister will initiate two bus writes. First write will consist of
the data contained in PMDIN1L and the second write
will contain the PMDIN1TH.

11.3.10 PARALLEL MASTER PORT STATUS

11.3.10.1  The BUSY Bit

In addition to the PMP interrupt, a BUSY bit is provided
to indicate the status of the module. This bit is only
used in Master mode. While any read or write operation
is in progress, the BUSY bit is set for all but the very last
CPU cycle of the operation. In effect, if a single-cycle
read or write operation is requested, the BUSY bit will
never be active. This allows back-to-back transfers.
While the bit is set, any request by the user to initiate a
new operation will be ignored (i.e., writing or reading
the lower byte of the PMDIN1L register will not initiate
either a read nor a write).

11.3.10.2 INTERRUPTS

When the PMP module interrupt is enabled for Master
mode, the module will interrupt on every completed
read or write cycle; otherwise, the BUSY bit is available
to query the status of the module.

DS39775C-page 182
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13.0 TIMER1 MODULE A simplified block diagram of the Timer1 module is
shown in Figure 13-1. A block diagram of the module’s
The Timer1 timer/counter module incorporates these operation in Read/Write mode is shown in Figure 13-2.
features: . . .
The module incorporates its own low-power oscillator
+ Software selectable operation as a 16-bit timer or to provide an additional clocking option. The Timer1
counter oscillator can also be used as a low-power clock source
» Readable and writable 8-bit registers (TMR1H for the microcontroller in power-managed operation.
and TMR1L) Timer1 can also be used to provide Real-Time Clock
* Selectable clock source (internal or external) with (RTC) functionality to applications with only a minimal
device clock or Timer1 oscillator internal options addition of external components and code overhead.
* Interrupt on overflow Timer1 is controlled through the T1CON Control
* Reset on CCP Special Event Trigger register (Register 13-1). It also contains the Timer1
» Device clock status flag (T1RUN) Oscillator Enable bit (T1OSCEN). Timer1 can be

enabled or disabled by setting or clearing control bit,
TMR10ON (T1CON<0>).

REGISTER 13-1: T1CON: TIMER1 CONTROL REGISTER("

R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T1RUN T1CKPS1 T1CKPSO T10SCEN | T1SYNC ‘ TMR1CS TMR10ON
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 RD16: 16-Bit Read/Write Mode Enable bit

1 = Enables register read/write of TImer1 in one 16-bit operation
0 = Enables register read/write of Timer1 in two 8-bit operations
bit 6 T1RUN: Timer1 System Clock Status bit
1 = Device clock is derived from Timer1 oscillator
0 = Device clock is derived from another source
bit 5-4 T1CKPS1:T1CKPSO0: Timer1 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 T10SCEN: Timer1 Oscillator Enable bit
1 = Timer1 oscillator is enabled
0 = Timer1 oscillator is shut off
The oscillator inverter and feedback resistor are turned off to eliminate power drain.
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit
When TMR1CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMR1CS = o0:
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RCO/T10SO/T13CKI (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

Note 1: Default (legacy) SFR at this address, available when WDTCON<4> = 0.

© 2009 Microchip Technology Inc. DS39775C-page 195
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15.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 15-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMRS3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

15.3 Using the Timer1 Oscillator as the

Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timer1 oscillator is enabled by
setting the TIOSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.

The Timer1 oscillator is described in Section 13.0
“Timer1 Module”.

15.4 Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF (PIR2<1>).
This interrupt can be enabled or disabled by setting or
clearing the Timer3 Interrupt Enable bit, TMR3IE
(PIE2<1>).

15.5 Resetting Timer3 Using the ECCP
Special Event Trigger

If ECCP1 or ECCP2 is configured to use Timer3 and to
generate a Special Event Trigger in Compare mode
(CCPxM3:CCPxMO0 =1011), this signal will reset
Timer3. The trigger from ECCP2 will also start an A/D
conversion if the A/D module is enabled (see
Section 18.2.1 “Special Event Trigger” for more
information).

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPRxH:CCPRxL register
pair effectively becomes a period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
Special Event Trigger from an ECCP module, the write
will take precedence.

Note: The Special Event Triggers from the
ECCPx module will not set the TMR3IF

interrupt flag bit (PIR1<0>).

TABLE 15-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 61
PIR2 OSCFIF CM2IF CM1IF USBIF BCL1IF LVDIF TMRS3IF | CCP2IF 64
PIE2 OSCFIE CM2IE CM1IE USBIE BCL1IE LVDIE TMR3IE | CCP2IE 64
IPR2 OSCFIP CM2IP CM1IP USBIP BCL1IP LVDIP TMR3IP | CCP2IP 64
TMR3L Timer3 Register Low Byte 65
TMR3H Timer3 Register High Byte 65
TICON | RD16 | T1RUN |T1CKPS1|T1CKPSO |T1OSCEN| TISYNC | TMR1CS | TMR1ON | 62
T3CON RD16 | T3CCP2 |T3CKPS1|T3CKPS0| T3CCP1 | T3SYNC | TMR3CS | TMR3ON 65
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
Note 1: Default (legacy) SFR at this address, available when WDTCON<4> = 0.
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18.4.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRA1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The PWM duty cycle is
calculated by the following equation:

EQUATION 18-2:

PWM Duty Cycle = (CCPRIL:CCP1CON<5:4>) «
Tosc « (TMR2 Prescale Value)

CCPR1L and CCP1CON<5:4> can be written to at any
time but the duty cycle value is not copied into
CCPR1H until a match between PR2 and TMR2 occurs
(i.e., the period is complete). In PWM mode, CCPR1H
is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM opera-
tion. When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or two bits
of the TMR2 prescaler, the ECCP1 pin is cleared. The
maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 18-3:

log( Fosc

. FrwM / | .
PWM Resolution (max) = ——————— bits

log(2)

TABLE 18-4:

Note: If the PWM duty cycle value is longer than
the PWM period, the ECCP1 pin will not
be cleared.

18.4.3 PWM OUTPUT CONFIGURATIONS

The P1M1:P1MO bits in the CCP1CON register allow
one of four configurations:

 Single Output

» Half-Bridge Output

» Full-Bridge Output, Forward mode

» Full-Bridge Output, Reverse mode

The Single Output mode is the standard PWM mode
discussed in Section 18.4 “Enhanced PWM Mode”.

The Half-Bridge and Full-Bridge Output modes are
covered in detail in the sections that follow.

The general relationship of the outputs in all

configurations is summarized in Figure 18-2.

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
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19.3.7 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCKx. When the
last bit is latched, the SSPxIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCKx pin. This exter-
nal clock must meet the minimum high and low times
as specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive
data. When a byte is received, the device can be
configured to wake-up from Sleep.

19.3.8 SLAVE SELECT
SYNCHRONIZATION

The SSx pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with the SSx pin_control
enabled (SSPxCON1<3:0> = 04h). When the SSx pin
is low, transmission and reception are enabled and the
SDOx pin is driven. When the SSx pin goes high, the
SDOx pin is no longer driven, even if in the middle of a

FIGURE 19-4:

transmitted byte and becomes a floating output. Exter-
nal pull-up/pull-down resistors may be desirable
depending on the application.

Note 1: When the SPI is in Slave mode
with  SSx pin control enabled
(SSPXCON1<3:0> = 0100), the SPI

module will reset if the SSx pin is set to VDD.

2: If the SPI is used in Slave mode with CKE
set, then the SSx pin control must be
enabled.

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SSx pin to
a high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDOX pin can
be connected to the SDIx pin. When the SPI needs to
operate as a receiver, the SDOx pin can be configured
as an input. This disables transmissions from the
SDOx. The SDIx can always be left as an input (SDIx
function) since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

SCKx
(CKP=0

= —

55

CKE = 0) 5

SCKx
(CKP =1
CKE = 0)

Write to

5

SSPxBUF ' l

SDOx

SDIx :
(SMP = 0) -

Input X ! T
Sample . .

(SMP = 0)

SSPxIF
Interrupt

"\

Flag
SSPxSR to

after Q24

(
) Next Q4 CycIeﬁ}J

N
N\

SSPxBUF
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22.2 USB Status and Control

The operation of the USB module is configured and
managed through three control registers. In addition, a
total of 22 registers are used to manage the actual USB
transactions. The registers are:

» USB Control register (UCON)

» USB Configuration register (UCFG)

* USB Transfer Status register (USTAT)

» USB Device Address register (UADDR)

* Frame Number registers (UFRMH:UFRML)

» Endpoint Enable registers 0 through 15 (UEPnN)

22.21 USB CONTROL REGISTER (UCON)

The USB Control register (Register 22-1) contains bits
needed to control the module behavior during transfers.
The register contains bits that control the following:

* Main USB Peripheral Enable

» Ping-Pong Buffer Pointer Reset

» Control of the Suspend mode

» Packet Transfer Disable

REGISTER 22-1:

In addition, the USB Control register contains a status
bit, SEO (UCON<5>), which is used to indicate the
occurrence of a single-ended zero on the bus. When
the USB module is enabled, this bit should be moni-
tored to determine whether the differential data lines
have come out of a single-ended zero condition. This
helps to differentiate the initial power-up state from the
USB Reset signal.

The overall operation of the USB module is controlled
by the USBEN bit (UCON<3>). Setting this bit activates
the module and resets all of the PPBI bits in the Buffer
Descriptor Table to ‘0’. This bit also activates the inter-
nal pull-up resistors, if they are enabled. Thus, this bit
can be used as a soft attach/detach to the USB.
Although all status and control bits are ignored when
this bit is clear, the module needs to be fully preconfig-
ured prior to setting this bit. This bit cannot be set until
the USB module is supplied with an active clock
source. If the PLL is being used, it should be enabled
at least two milliseconds (enough time for the PLL to
lock) before attempting to set the USBEN bit.

UCON: USB CONTROL REGISTER

u-0 R/W-0 R-x R/C-0 R/W-0 R/W-0 R/W-0 U-0
— PPBRST SEO PKTDIS | USBEN(" | RESUME SUSPND —
bit 7 bit 0
Legend: C = Clearable bit
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 PPBRST: Ping-Pong Buffers Reset bit

1 = Reset all Ping-Pong Buffer Pointers to the Even Buffer Descriptor (BD) banks

0 = Ping-Pong Buffer Pointers not being reset

bit 5 SEO: Live Single-Ended Zero Flag bit

1 = Single-ended zero active on the USB bus

0 = No single-ended zero detected
bit 4 PKTDIS: Packet Transfer Disable bit

1 = SIE token and packet processing disabled, automatically set when a SETUP token is received

0 = SIE token and packet processing enabled

bit 3 USBEN: USB Module Enable bit(")

1 = USB module and supporting circuitry enabled (device attached)
0 = USB module and supporting circuitry disabled (device detached)

bit 2 RESUME: Resume Signaling Enable bit

1 = Resume signaling activated
0 = Resume signaling disabled

bit 1 SUSPND: Suspend USB bit

1 = USB module and supporting circuitry in Power Conserve mode, SIE clock inactive
0 = USB module and supporting circuitry in normal operation, SIE clock clocked at the configured rate

bit 0 Unimplemented: Read as ‘0’

Note 1: This bit cannot be set if the USB module does not have an appropriate clock source.
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FIGURE 25-5: FSCM TIMING DIAGRAM
Sample Clock m
Device : Oscillator
Clock . Failure

Output : |_|

Clock Monitor
Output (5) %_I

L]

this example have been chosen for clarity.

OSCFIF ' :
Clock Monitor Test ' Clock Monitor Test ' Clock Monitor Test
Note: The device clock is normally at a much higher frequency than the sample clock. The relative frequencies in

: Failure ,
' Detected ’;—

255.2 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 2H (with any
required start-up delays that are required for the oscil-
lator mode, such as OST or PLL timer). The INTRC
oscillator 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
INTRC oscillator. The OSCCON register will remain in
its Reset state until a power-managed mode is entered.

2553 FSCM INTERRUPTS IN

POWER-MANAGED MODES

By entering a power-managed mode, the clock
multiplexor 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 is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTRC multiplexor. 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 INTRC source.

2554 POR OR WAKE-UP 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 either the EC or INTRC modes, monitoring can
begin immediately following these events.

For HS or HSPLL modes, the situation is somewhat
different. Since the oscillator may require a start-up
time considerably longer than the FSCM 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 (the OST and PLL timers have timed
out). This is identical to Two-Speed Start-up mode.
Once the primary clock is stable, the INTRC 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, will also prevent the detection of
the oscillator’s failure to start at all follow-
ing 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 25.4.1 “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.
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BRA Unconditional Branch BSF Bit Set f
Syntax: BRA n Syntax: BSF f, b{a}
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC) +2 +2n — PC 0<b=<7
ae[0,1]
Status Affected: None )
Operation: 1 — f<b>
Encoding: 1101 0
g ‘ | o ‘ nonn | nonn ‘ Status Affected: None
Description: Add the 2’'s complement number 2n’ to E .
the PC. Since the PC will have ncoding: | 1000 [ wbba | reer | reer |
incremented to fetch the next Description: Bit ‘b’ in register ‘f’ is set.
instruction, the new address will be If‘a’is ‘0. the Access Bank is selected
PC+2+ 2_”' Th's_ instruction is a If ‘a’is ‘'1’, the BSR is used to select the
two-cycle instruction. GPR bank (default)
Words: 1 If ‘a’ is ‘0’ and the extended instruction
Cycles: 2 set is enabled, this instruction operates
Q Cycle Activity: in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Q1 Q_2 Q3 _Q4 Section 26.2.3 “Byte-Oriented and
Decode | Read literal | Process Write to Bit-Oriented Instructions in Indexed
n Data PC Literal Offset Mode” for details.
No No No No Words: 1
operation operation operation operation ’
Cycles: 1
Q Cycle Activity:
Example: HERE BRA Jump Q1 Q2 Q3 Q4
Before Instruction Decode Read Process Write
PC = address (HERE) register ‘¥ Data register
After Instruction
PC = address (Jump)
Example: BSF FLAG REG, 7, 1
Before Instruction
FLAG_REG = 0Ah
After Instruction
FLAG_REG = 8Ah
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CPFSGT Compare f with W, Skip if f > W CPFSLT Compare f with W, Skip if f <W
Syntax: CPFSGT f{a} Syntax: CPFSLT f{,a}
Operands: 0<f<255 Operands: 0<f<255
ae[0,1] a e [0,1]
Operation: (f) = W), Operation: (f) = (W)
skip if (f) > (W) skip if (f)'< W)
(unsigned comparison) (unsigned comparison)
Status Affected: None Status Affected: None
Encoding [owo [ oroa | eeef | seee | gy, [orro [ oooa [ eeee [ eerr |
Description: Compares the contents of data memory o
location f to the contents of the W by Description: Com‘pan‘a? the contents of data memory
performing an unsigned subtraction. Ioecreflct;:)r:ﬂr: to the cgntegts Ogtw tt)y
If the contents of ‘' are greater than the P g an unsigned sublraction.
contents of WREG, then the fetched If the contents of ‘f’ are less than the
instruction is discarded and a NOP is contents of W, then the fetched
executed instead, making this a |nstruct|on. is dlscardeq and g NOP is
two-cycle instruction. :;scg't;: Ii:ssttfjg{ior:akmg this a
If ‘@’ is ‘0’, the Access Bank is selected. .y ' .
If‘a’is ‘1’, the BSR is used to select the If :a: 1S O the Access Bank is selected.
GPR bank (default). Icf_:‘;Rlsbalni(t?dee]ZSuI;)ls used to select the
If ‘a’ is ‘0’ and the extended instruction '
set is enabled, this instruction operates Words: 1
in Indexed Literal Offset Addressing Cycles: 1(2)
mode whenever f < 95 (5Fh). See Note: 3 cycles if skip and followed
Section 26.2.3 “Byte-Oriented and by a 2-word instruction.
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. o1 ’ az a3 o4
Words: ! Decode Read Process No
Cycles: 1(2) register ‘¥ Data operation
Note: 3 cycles if skip and followed If skip:
by a 2-word instruction. '
Q Cycle Activity: NQ: NQo2 Sj NQ:
D Q1d RQZd 5 Q3 NQ4 operation operation operation operation
ecode regi:te;r P rgacteass oper:tion If skip and followed by 2-word instruction:
If skip: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 No No No No
No No No No operation operation operation operation
operation operation operation operation No No No No
If skip and followed by 2-word instruction: operation | operation | operation | operation
Q1 Q2 Q3 Q4
No No No No Example: HERE CPFSLT REG, 1
operation operation operation operation NLESS
No No No No LESS
operation operation operation operation Before Instruction
PC = Address (HERE)
Example: HERE CPFSGT REG, 0 w = ?
NGREATER After Instruction
GREATER If REG < W
Before Instruction E%EG ; Ad;dress (LESS)
\'7VC = /;ddress (HERE) PC = Address (NLESS)
After Instruction
If REG > W,
PC = Address (GREATER)
If REG < ;
PC = Address (NGREATER)
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28.3 DC Characteristics:PIC18F87J50 Family (Industrial) (Continued)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
P:{:m Symbol Characteristic Min Max Units Conditions
VoL Output Low Voltage
D080 1/0 ports:
PORTA, PORTF, PORTG, — 0.4 V |loL=2mA, VDD = 3.3V,
PORTH®) -40°C to +85°C
PORTD, PORTE, PORTJ® — 0.4 V |loL=3.4 mA, VDD = 3.3V,
-40°C to +85°C
PORTB, PORTC — 0.4 V |loL=3.4 mA, VbD = 3.3V,
-40°C to +85°C
D083 OSC2/CLKO — 04 V |loL=1.6 mA, VDD = 3.3V,
(EC, ECPLL modes) -40°C to +85°C
VOH Output High Voltage
D090 1/0 ports: \%
PORTA, PORTF, PORTG, 2.4 — V  |loH =-2mA, VDD = 3.3V,
PORTH®) -40°C to +85°C
PORTD, PORTE, PORTJ®) 24 — V  |loH=-2mA, VoD = 3.3V,
-40°C to +85°C
PORTB, PORTC 2.4 — V  |loH =-2 mA, VDD = 3.3V,
-40°C to +85°C
D092 OSC2/CLKO 2.4 — V  |loH =-1mA, VDD = 3.3V,
(INTOSC, EC, ECPLL modes) -40°C to +85°C
Capacitive Loading Specs
on Output Pins
D100 |COSC2|0SC2 pin — 15 pF |In HS mode when
external clock is used to drive
0oscC1
D101 |(Cio All'I/O pins and OSC2 — 50 pF |To meet the AC Timing
Specifications
D102 |CB SCLx, SDAx — 400 pF [I2C™ Specification

Note 1: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

2: Negative current is defined as current sourced by the pin.
3: Only available in 80-pin devices.
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ADIEA) e 230
PWM Auto-Shutdown (P1RSEN = 1, Auto-Restart En-
Abled) ..o 230
PWM Direction Change ..........cccocoviiiniiiniiniccieens 227
PWM Direction Change at Near 100% Duty Cycle ..227
PWM OUEPUL ..ot 214
Read and Write, 8-Bit Data, Demultiplexed Address 183
Read, 16-Bit Data, Demultiplexed Address ............. 186
Read, 16-Bit Multiplexed Data, Fully Multiplexed 16-Bit
AAreSS ..eoeiiiie s 187
Read, 16-Bit Multiplexed Data, Partially Multiplexed Ad-
ArESS .o 186
Read, 8-Bit Data, Fully Multiplexed 16-Bit Address . 185
Read, 8-Bit Data, Partially Multiplexed Address ...... 183
Read, 8-Bit Data, Partially Multiplexed Address, Enable
StrObE .o 184
Read, 8-Bit Data, Wait States Enabled, Partially Multi-
plexed ADAress ........ccccccveveeeeiiiiiiiiieee e 183
Repeated Start Condition ............cccoeceevcieniciiienene 268
Reset, Watchdog Timer (WDT), Oscillator Start-up Timer
(OST) and Power-up Timer (PWRT) ................ 442
Send Break Character Sequence ............ccoceeevenen. 294
Slave Synchronization ...........ccccccoeriieniiniinnee e, 239

Slow Rise Time (MCLR Tied to VDD, VDD Rise > TPWRT)

SPI Mode (Master Mode)

SPI Mode (Slave Mode, CKE = 0) ......ccccovvveninnenns 240
SPI Mode (Slave Mode, CKE = 1) ....ccccoceiniinniennnn. 240
Synchronous Reception (Master Mode, SREN) ...... 297
Synchronous TransmisSioN ..........cccceeeveeeiiiieenneeenn.

Synchronous Transmission (Through TXEN)
Time-out Sequence on Power-up (MCLR Not Tied to

VDD), CASE T .ooiiiiiieeieie et 58
Time-out Sequence on Power-up (MCLR Not Tied to
VDD), CASE 2 ..ottt 59
Time-out Sequence on Power-up (MCLR Tied to VDD,
VDD RiS€ < TPWRT) ..eoriiiiiieniieeniie st 58
Timer0 and Timer1 External Clock ............ccccceeeel 443
Transition for Entry to Idle Mode
Transition for Entry to SEC_RUN Mode .................... 49
Transition for Entry to Sleep Mode .........ccccoceevienen. 51
Transition for Two-Speed Start-up (INTRC to HSPLL) ..
361
Transition for Wake From Idle to Run Mode .............. 52
Transition for Wake From Sleep (HSPLL) ................. 51

Transition From RC_RUN Mode to PRI_RUN Mode .50
Transition From SEC_RUN Mode to PRI_RUN Mode

(HSPLL) oot
Transition to RC_RUN Mode
USB Signal .....oocoeiviiiiiiiiccecceeeee e
Write, 16-Bit Data, Demultiplexed Address .............. 186
Write, 16-Bit Multiplexed Data, Fully Multiplexed 16-Bit

AAreSS ..oooiiiie s 187
Write, 16-Bit Multiplexed Data, Partially Multiplexed Ad-

ArESS ..o 187
Write, 8-Bit Data, Fully Multiplexed 16-Bit Address .185
Write, 8-Bit Data, Partially Multiplexed Address ...... 184
Write, 8-Bit Data, Partially Multiplexed Address, Enable

StrObE .o 185
Write, 8-Bit Data, Wait States Enabled, Partially Multi-

plexed ADAress ........cccccvevveeeeiiiiiieieee e 184

Timing Diagrams and Specifications

AC Characteristics
Internal RC ACCUracy ........ccccecoueverivieiniineenninn. 438
Capture/Compare/PWM Requirements (Including ECCP

MOAUIES) ... 444
CLKO and I/O Requirements ..........ccccceecveenienseeennn. 439
EUSARTXx Synchronous Receive Requirements ..... 455
EUSARTXx Synchronous Transmission Requirements ...

455
Example SPI Mode Requirements (Master Mode, CKE =

0) et 447
Example SPI Mode Requirements (Master Mode, CKE =

1) e 448
Example SPI Mode Requirements (Slave Mode, CKE =

0 USSP 449
Example SPI Slave Mode Requirements (CKE = 1) 450
External Clock Requirements ...........cccccceeeiieieennen. 437
12C Bus Data Requirements (Slave Mode) .............. 452
1°C Bus Start/Stop Bits Requirements (Slave Mode) .....

451
MSSPx I2C Bus Data Requirements ..................... 454
MSSPx I2C Bus Start/Stop Bits Requirements ........ 453

Parallel Master Port Read Requirements

Parallel Master Port Write Requirements

PLL CIOCK ..t

Program Memory Read Requirements ....................

Program Memory Write Requirements ...................

Reset, Watchdog Timer, Oscillator Start-up Timer, Pow-
er-up Timer and Brown-out Reset Requirements ..

442
Timer0 and Timer1 External Clock Requirements ... 443
USB Full-Speed Requirements ..........cccccccceenieeneen. 458
USB Low-Speed Requirements ... .. 458
TSTFSZ ot 405
Two-Speed Start-up ........ccocveveiriinniiiee e 349, 361
Two-Word Instructions
EXample CaSseSs ......cccovviiuiiiieeeieiiiiieee e e ae e 77
TXSTAX Register
BRGH Bit ..ooeiiiiiiiieecece e 283
U
Universal Serial Bus
Address Register (UADDR) ......cccoeiiiieiiieeniieeee, 318
Associated Registers ...........cccoovieiiniiiniiiieenee, 334
Buffer Descriptor Table ...........cccooivieiiiiiiiiiiieeeee, 319
Buffer Descriptors .
Address Validation ...........ccccooiiiiiiiiniieee. 322
Assignment in Different Buffering Modes ........ 324
BDnSTAT Register (CPU Mode) ..........cceeenee 320
BDnSTAT Register (SIE Mode) ........c.cceevuenneee. 322
Byte Count .
EXamPle ...coooiiieieee e
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX XXX

'|' —|— —|— Examples:
Device Temperature Package Pattern a) PIC18F86J50-I/PT 301 = Industrial temp.,
Range TQFP package, QTP pattern #301.
b)  PIC18F66J55T-I/PT = Tape and reel, Industrial
temp., TQFP package.
Device PIC18F65J50/66J50/66J55/67J50(1),

PIC18F85J50/86J50/86J55/87J50("),
PIC18F65J50/66J50/66J55/67J50T(2),
PIC18F85J50/86J50/86J55/87J50T(2):

Temperature Range | -40°C to +85°C (Industrial)

Package PT = TQFP (Thin Quad Flatpack)
Pattern QTP, SQTP, Code or Special Requirements
(blank otherwise) Note 1: F Standard Voltage Range

—
nn

In tape and reel
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