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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

48MHz

EBI/EMI, I2C, SPI, UART/USART, USB
Brown-out Detect/Reset, LVD, POR, PWM, WDT
65

64KB (32K x 16)

FLASH

3.8Kx 8

2V ~ 3.6V

A/D 12x10b

Internal
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Surface Mount

80-TQFP

80-TQFP (12x12)
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PIC18F87J50 FAMILY

1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:

+ PIC18F65J50 + PIC18F85J50
+ PIC18F66J50 + PIC18F86J50
+ PIC18F66J55 + PIC18F86J55
+ PIC18F67J50 + PIC18F87J50

This family introduces a new line of low-voltage USB
microcontrollers with the main traditional advantage of
all PIC18 microcontrollers — namely, high computa-
tional performance and a rich feature set — at an
extremely competitive price point. These features
make the PIC18F87J10 family a logical choice for
many high-performance applications, where cost is a
primary consideration.

1.1 Core Features

1.1.1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F87J10 family incorporate
a range of features that can significantly reduce power
consumption during operation. Key items include:

« Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal RC oscilla-
tor, power consumption during code execution
can be reduced by as much as 90%.

» Multiple Idle Modes: The controller can also run
with its CPU core disabled but the peripherals still
active. In these states, power consumption can be
reduced even further, to as little as 4% of normal
operation requirements.

* On-the-Fly Mode Switching: The
power-managed modes are invoked by user code
during operation, allowing the user to incorporate
power-saving ideas into their application’s
software design.

1.1.2 UNIVERSAL SERIAL BUS (USB)

Devices in the PIC18F87J10 family incorporate a
fully-featured Universal Serial Bus communications
module with a built-in transceiver that is compliant with
the USB Specification Revision 2.0. The module
supports both low-speed and full-speed communication
for all supported data transfer types.

1.1.3 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC18F87J10 family offer five
different oscillator options, allowing users a range of
choices in developing application hardware. These
include:

» Two Crystal modes, using crystals or ceramic
resonators.

» Two External Clock modes, offering the option of
a divide-by-4 clock output.

* An internal oscillator block which provides an
8 MHz clock and an INTRC source (approxi-
mately 31 kHz, stable over temperature and VDD),
as well as a range of 6 user-selectable clock
frequencies, between 125 kHz to 4 MHz, for a
total of 8 clock frequencies. This option frees an
oscillator pin for use as an additional general
purpose 1/0O.

* A Phase Lock Loop (PLL) frequency multiplier,
available to the high-speed crystal, external
oscillator and internal oscillator, providing a clock
speed up to 48 MHz.

» Dual clock operation, allowing the USB module to
run from a high-frequency oscillator while the rest
of the microcontroller is clocked at a different
frequency.

The internal oscillator block provides a stable reference
source that gives the family additional features for
robust operation:

 Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a reference
signal provided by the internal oscillator. If a clock
failure occurs, the controller is switched to the
internal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

» Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

1.1.4 EXPANDED MEMORY

The PIC18F87J10 family provides ample room for
application code, from 32 Kbytes to 128 Kbytes of code
space. The Flash cells for program memory are rated
to last in excess of 10000 erase/write cycles. Data
retention without refresh is conservatively estimated to
be greater than 20 years.

The Flash program memory is readable and writable
during normal operation. The PIC18F87J10 family also
provides plenty of room for dynamic application data
with up to 3904 bytes of data RAM.

© 2009 Microchip Technology Inc.
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PIC18F87J50 FAMILY

TABLE 1-4: PIC18F8XJ5X PINOUT I/0O DESCRIPTIONS (CONTINUED)

. Pin Number | pj, | Buffer -
Pin Name Description
80-TQFp | Type | Type
PORTE is a bidirectional I/O port.
REO/AD8/PMRD/P2D 4
REO I/0 ST Digital 1/0.
AD8 1/0 TTL External memory address/data 8.
PMRD(®) I/O — Parallel Master Port read strobe.
P2D (0] — ECCP2 PWM output D.
RE1/AD9/PMWR/P2C 3
RE1 I/0 ST Digital 1/0.
AD9 1/0 TTL External memory address/data 9.
PMWR(®) I/O — Parallel Master Port write strobe.
P2C (0] — ECCP2 PWM output C.
RE2/AD10/PMBE/P2B 78
RE2 I/0 ST Digital 1/0.
AD10 I/0 TTL External memory address/data 10.
PMBE(®) (0] — Parallel Master Port byte enable.
P2B (0] — ECCP2 PWM output B.
RE3/AD11/PMA13/ 77
P3C/REFO
RE3 I/0 ST Digital 1/0.
AD11 I/0 TTL External memory address/data 11.
PMA13 (0] — Parallel Master Port address.
P3ct®) o} — ECCP3 PWM output C.
REFO o — Reference Clock out.
RE4/AD12/PMA12/P3B 76
RE4 I/O ST Digital 1/0.
AD12 I/O TTL External memory address/data 12.
PMA12 (0] — Parallel Master Port address.
P33 o) — ECCP3 PWM output B.
RE5/AD13/PMA11/P1C 75
RE5 I/O ST Digital 1/0.
AD13 I/O TTL External memory address/data 13.
PMA11 (0] — Parallel Master Port address.
P1Cc® o} — ECCP1 PWM output C.
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)
Note 1: Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Extended Microcontroller
mode).
2: Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX is set).
3: Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
4: Alternate assignment for ECCP2/P2A when CCP2MX is cleared (Microcontroller mode).
5: Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
6: Pin placement when PMPMX = 1.
7: Pin placement when PMPMX = 0.
8: RA7 and RAG will be disabled if OSC1 and OSC2 are used for the clock function.

DS39775C-page 28 © 2009 Microchip Technology Inc.



PIC18F87J50 FAMILY

3.0 POWER-MANAGED MODES

The PIC18F87J10 family devices provide the ability to
manage power consumption by simply managing clock-
ing to the CPU and the peripherals. In general, a lower
clock frequency and a reduction in the number of circuits
being clocked constitutes lower consumed power. For
the sake of managing power in an application, there are
three primary modes of operation:

* Run mode
 |dle mode
» Sleep mode

These modes define which portions of the device are
clocked and at what speed. The Run and Idle modes
may use any of the three available clock sources
(primary, secondary or internal oscillator block); the
Sleep mode does not use a clock source.

The power-managed modes include several
power-saving features offered on previous PIC®
devices. One is the clock switching feature, offered in
other PIC18 devices, allowing the controller to use the
Timer1 oscillator in place of the primary oscillator. Also
included is the Sleep mode, offered by all PIC devices,
where all device clocks are stopped.

3.1 Selecting Power-Managed Modes

Selecting a power-managed mode requires two
decisions: if the CPU is to be clocked or not and which
clock source is to be used. The IDLEN bit
(OSCCON<7>) controls CPU clocking, while the
SCS1:SCSO bits (OSCCON<1:0>) select the clock
source. The individual modes, bit settings, clock
sources and affected modules are summarized in
Table 3-1.

3.1.1 CLOCK SOURCES

The SCS1:SCSO bits allow the selection of one of three
clock sources for power-managed modes. They are:

» The primary clock source, as defined by the
FOSC2:FOSCO Configuration bits

» The Timer1 clock (provided by the secondary
oscillator)

» The postscaled internal clock (derived from the
internal oscillator block)

3.1.2 ENTERING POWER-MANAGED

MODES

Switching from one power-managed mode to another
begins by loading the OSCCON register. The
SCS1:SCSO bits select the clock source and determine
which Run or Idle mode is to be used. Changing these
bits causes an immediate switch to the new clock
source, assuming that it is running. The switch may
also be subject to clock transition delays. These are
discussed in Section 3.1.3 “Clock Transitions and
Status Indicators” and subsequent sections.

Entry to the power-managed Idle or Sleep modes is
triggered by the execution of a SLEEP instruction. The
actual mode that results depends on the status of the
IDLEN bit.

Depending on the current mode and the mode being
switched to, a change to a power-managed mode does
not always require setting all of these bits. Many
transitions may be done by changing the oscillator
select bits, or changing the IDLEN bit, prior to issuing a
SLEEP instruction. If the IDLEN bit is already
configured correctly, it may only be necessary to
perform a SLEEP instruction to switch to the desired
mode.

TABLE 3-1: POWER-MANAGED MODES
OSCCON<7,1:0> Module Clocking
Mode Available Clock and Oscillator Source
IDLEN™ SCS1:SCS0 CPU |Peripherals
Sleep 0 N/A Off Off None — All clocks are disabled
PRI_RUN N/A 00 Clocked| Clocked |Primary clock source (defined by FOSC2:FOSCO);
this is the normal full-power execution mode
SEC_RUN N/A 01 Clocked| Clocked |[Secondary — Timer1 oscillator
RC_RUN N/A 11 Clocked| Clocked |[Postscaled internal clock
PRI_IDLE 1 00 Off Clocked |Primary clock source (defined by FOSC2:FOSCO0)
SEC_IDLE 1 01 Off Clocked |Secondary — Timer1 oscillator
RC_IDLE 1 11 Off Clocked |Postscaled internal clock
Note 1: |IDLEN reflects its value when the SLEEP instruction is executed.

© 2009 Microchip Technology Inc.
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NOTES:
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PIC18F87J50 FAMILY

TABLE 5-5: REGISTER FILE SUMMARY (PIC18F87J50 FAMILY) (CONTINUED)

. . . . . . . . . Value on Details
File Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, BOR Pao:e:
UEP7 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEP6 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEP5 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEP4 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEP3 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEP2 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEP1 — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
UEPO — — — EPHSHK | EPCONDIS | EPOUTEN | EPINEN EPSTALL | ---0 0000 | 66, 317
PMCONH PMPEN — PSIDL ADRMUX1 | ADRMUXO0 | PTBEEN PTWREN PTRDEN | 0-00 0000 | 66, 168
PMCONL CSF1 CSFO0 ALP CS2P CS1P BEP WRSP RDSP 0000 0000 | 67,169
PMMODEH BUSY IRQM1 IRQMO INCM1 INCMO MODE16 MODE1 MODEO | 0000 0000 | 67,170
PMMODEL WAITB1 WAITBO WAITM3 WAITM2 WAITM1 WAITMO WAITE1 WAITEO | 0000 0000 | 67,171
PMDOUT2H | Parallel Port Out Data High Byte (Buffer 3) 0000 0000 | 67,174
PMDOUT2L | Parallel Port Out Data Low Byte (Buffer 2) 0000 0000 | 67,174
PMDIN2H Parallel Port In Data High Byte (Buffer 3) 0000 0000 | 67,174
PMDIN2L Parallel Port In Data Low Byte (Buffer 2) 0000 0000 | 67,174
PMEH PTEN15 PTEN14 PTEN13 PTEN12 PTEN11 PTEN10 PTEN9 PTENS8 0000 0000 | 67,171
PMEL PTEN7 PTEN6 PTENS PTEN4 PTEN3 PTEN2 PTEN1 PTENO 0000 0000 | 67,172
PMSTATH IBF IBOV — — IB3F IB2F IB1F IBOF 00-- 0000 | 67,172
PMSTATL OBE OBUF — — OB3E OB2E OB1E OBOE 10-- 1111 | 67,173
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition. Bold indicates shared-access SFRs.
Note 1 Bit 21 of the PC is only available in Serial Programming modes.
2 Default (legacy) SFR at this address, available when WDTCON<4> = 0.
3: Configuration SFR, overlaps with default SFR at this address; available only when WDTCON<4> = 1.
4: Reset value is ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.
5:  The SSPxMSK registers are only accessible when SSPxCON2<3:0> = 1001.
6 Alternate names and definitions for these bits when the MSSP module is operating in 12C™ Slave mode. See Section 19.4.3.2 “Address

Masking Modes” for details

These bits and/or registers are only available in 80-pin devices; otherwise, they are unimplemented and read as ‘0’. Reset values are
shown for 80-pin devices.

The PMADDRH/PMDOUT1H and PMADDRL/PMDOUT 1L register pairs share the physical registers and addresses, but have different
functions determined by the module’s operating mode. See Section 11.1.2 “Data Registers” for more information.

DS39775C-page 88 © 2009 Microchip Technology Inc.
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REGISTER 9-2: INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDGO INTEDGH1 INTEDG2 INTEDG3 TMROIP INT3IP RBIP
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 RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDGO: External Interrupt O Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 5 INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 4 INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 3 INTEDG3: External Interrupt 3 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 2 TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 INT3IP: INT3 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 RBIP: RB Port Change Interrupt Priority bit
1 = High priority
0 = Low priority

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.

DS39775C-page 124 © 2009 Microchip Technology Inc.
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9.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Enable registers (PIE1, PIE2, PIE3). When
IPEN = 0, the PEIE bit must be set to enable any of
these peripheral interrupts.

REGISTER 9-7: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE
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 PMPIE: Parallel Master Port Read/Write Interrupt Enable bit

1 = Enables the PM read/write interrupt
0 = Disables the PM read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5 RC1IE: EUSART1 Receive Interrupt Enable bit

1 = Enables the EUSART1 receive interrupt
0 = Disables the EUSART1 receive interrupt

bit 4 TX1IE: EUSART1 Transmit Interrupt Enable bit
1 = Enables the EUSART1 transmit interrupt
0 = Disables the EUSART1 transmit interrupt
bit 3 SSP1IE: Master Synchronous Serial Port Interrupt Enable bit (MSSP1 module)

1 = Enables the MSSP1 interrupt
0 = Disables the MSSP1 interrupt

bit 2 CCP1IE: ECCP1 Interrupt Enable bit

1 = Enables the ECCP1 interrupt
0 = Disables the ECCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

© 2009 Microchip Technology Inc. DS39775C-page 129
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10.3 PORTB, TRISB and
LATB Registers

PORTB is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISB. All pins on
PORTB are digital only and tolerate voltages up to
5.5V.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit, RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Four of the PORTB pins (RB7:RB4) have an
interrupt-on-change feature. Only pins configured as
inputs can cause this interrupt to occur (i.e., any
RB7:RB4 pin configured as an output is excluded from
the interrupt-on-change comparison). The input pins
(of RB7:RB4) are compared with the old value latched
on the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are ORed together to generate the RB Port
Change Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from
power-managed modes. The user, in the Interrupt
Service Routine, can clear the interrupt in the following
manner:

a) Any read or write of PORTB (except with the
MOVFF (ANY), PORTB instruction). This will
end the mismatch condition.

b) Clear flag bit, RBIF.
A mismatch condition will continue to set flag bit, RBIF.

Reading PORTB will end the mismatch condition and
allow flag bit, RBIF, to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

For 80-pin devices, RB3 can be configured as the
alternate peripheral pin for the ECCP2 module and
Enhanced PWM output 2A by clearing the CCP2MX
Configuration bit. This applies only to 80-pin devices
operating in Extended Microcontroller mode. If the
device is in Microcontroller mode, the alternate
assignment for ECCP2 is RE7. As with other ECCP2
configurations, the user must ensure that the TRISB<3>
bit is set appropriately for the intended operation. Ports,
RB1, RB2, RB3, RB4 and RB5, are multiplexed with
the Parallel Master Port address.

EXAMPLE 10-2:

CLRF PORTB

INITIALIZING PORTB

; Initialize PORTB by

; clearing output

; data latches

; Alternate method to clear

CLRF LATB
; output data latches

MOVLW 0CFh ; Value used to initialize

; data direction

; Set RB<3:0> as inputs

; RB<5:4> as outputs

; RB<7:6> as inputs

MOVWEF TRISB

© 2009 Microchip Technology Inc.
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10.9 PORTH, LATH and
TRISH Registers

Note: PORTH is available only on 80-pin
devices.

PORTH is an 8-bit wide, bidirectional 1/0 port. PORTH
pins <3:0> are digital only and tolerate voltages up to
5.5V.

All pins on PORTH are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

When the external memory interface is enabled, four of
the PORTH pins function as the high-order address
lines for the interface. The address output from the
interface takes priority over other digital I/O. The
corresponding TRISH bits are also overridden. PORTH
pins, RH4 through RH7, are multiplexed with analog
converter inputs. The operation of these pins as analog
inputs is selected by clearing or setting the
corresponding bits in the ANCON1 register. RH3 to
RH6 is multiplexed with Parallel Master Port and RH4
to RH6 are multiplexed as comparator pins.

PORTH can also be configured as the alternate
Enhanced PWM output channels B and C for the
ECCP1 and ECCP3 modules. This is done by clearing
the ECCPMX Configuration bit.

EXAMPLE 10-8: INITIALIZING PORTH

CLRF PORTH ; Initialize PORTH by
; clearing output
; data latches
CLRF LATH ; Alternate method to
; clear output latches
BSF WDTCON, ADSHR; Enable write/read to
; the shared SFR
MOVLW  FOh ; Configure PORTH as
MOVWF  ANCON1 ; digital I/0
BCF WDTCON, ADSHR; Disable write/read to
; the shared SFR
MOVLW 0CFh ; Value used to initialize
; data direction
MOVWE  TRISH ; Set RH3:RHO as inputs
; RH5:RH4 as outputs
; RH7:RH6 as inputs

© 2009 Microchip Technology Inc.
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REGISTER 19-6: SSPxCON2: MSSPx CONTROL REGISTER 2 (I>)C™ SLAVE MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GCEN ACKSTAT ADMSK5 ADMSK4 ADMSK3 | ADMSK2 ADMSKA1 ‘ SEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GCEN: General Call Enable bit (Slave mode only)

1 = Enables interrupt when a general call address (0000h) is received in the SSPxSR
0 = General call address disabled

bit 6 ACKSTAT: Acknowledge Status bit
Unused in Slave mode.
bit 5-2 ADMSK5:ADMSK2: Slave Address Mask Select bits (5-Bit Address Masking)

1 = Masking of corresponding bits of SSPxADD enabled
0 = Masking of corresponding bits of SSPxADD disabled
bit 1 ADMSK1: Slave Address Least Significant bit(s) Mask Select bit
In 7-Bit Addressing mode:
1 = Masking of SSPxADD<1> only enabled
0 = Masking of SSPxADD<1> only disabled
In 10-Bit Addressing mode:
1 = Masking of SSPxADD<1:0> enabled
0 = Masking of SSPxADD<1:0> disabled
bit 0 SEN: Start Condition Enable/Stretch Enable bit(!)

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: If the I°C module is active, these bits may not be set (no spooling) and the SSPxBUF may not be written
(or writes to the SSPxBUF are disabled).

REGISTER 19-7: SSPxMSK: I2C™ SLAVE ADDRESS MASK REGISTER (7-BIT MASKING MODE)(")

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK7 MSK6 MSK5 MSK4 MSK3 Msk2 | Msk1 | Msko®
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 7-0 MSK7:MSKO0: Slave Address Mask Select bit

1 = Masking of corresponding bit of SSPxADD enabled
0 = Masking of corresponding bit of SSPxADD disabled

Note 1: This register shares the same SFR address as SSPxADD, and is only addressable in select MSSP
operating modes. See Section 19.4.3.4 “7-Bit Address Masking Mode” for more details.

2: MSKO is not used as a mask bit in 7-bit addressing.
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TABLE 20-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0, BRGH =0, BRG16 = 1
BRﬁ'Ll'jED Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 0.300 -0.04 1665
1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1.201 -0.16 415
24 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2.403 -0.16 207
9.6 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
57.6 58.140 0.94 42 56.818  -1.36 21 56.818  -1.36 10 55.555 3.55 8
115.2 | 113.636 -1.36 21 113.636  -1.36 10 125.000 8.51 4 — — —
SYNC =0, BRGH = 0, BRG16 =1
BR‘:$E Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.04 832 0.300 -0.16 415 0.300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
2.4 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 3 — — — — — —
115.2 |125.000 8.51 1 — — — — — —
SYNC =0, BRGH =1, BRG16 =1 or SYNC =1, BRG16 = 1
BRﬁ'Ll'jED Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 33332 0.300 0.00 16665 0.300 0.00 8332 0.300 -0.01 6665
1.2 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1.200 -0.04 1665
24 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2.400 -0.04 832
9.6 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259 9.615 -0.16 207
19.2 19.193  -0.03 520 19.231 0.16 259 19.231 0.16 129 19.230 -0.16 103
57.6 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42 57.142 0.79 34
115.2 | 114.943 -0.22 86 116.279  0.94 42 113.636 -1.36 21 117.647 -2.12 16
SYNC =0,BRGH =1,BRG16 =1 or SYNC =1, BRG16 =1
BR‘:$E Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual o SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.01 3332 0.300 -0.04 1665 0.300 -0.04 832
1.2 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207
2.4 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103
9.6 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25
19.2 19.231 0.16 51 19.230 -0.16 25 19.230 -0.16 12
57.6 58.824 2.12 16 55.555 3.55 8 — — —
1152 | 111111 -3.55 8 — — — — — —
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FIGURE 20-7: ASYNCHRONOUS RECEPTION
’ Start Start Start
RXx (pin) bit (" bit 0’ bit 1 St it {bi i Stop \ bit i St
YED ED &N DN ET) S CY AT SN I S5
Rev Shift Reg C M C N (C !
Rev Buffer Reg D) X D) D) ]
.T Word 1 Word 2 T
Read Rev C ' RCREGx e RCREGXx c 0
Buffer Reg D) T D) D)
RCREGXx ! ' ,)
RCxIF C ' (C C :
(Interrupt Flag) pD) I )0 )0 !
OERR bit S S S 1
CREN C C Q 3
)) ) J)J [
Note: This timing diagram shows three words appearing on the RXx input. The RCREGXx (Receive Buffer) is read after the third word

causing the OERR (Overrun) bit to be set.

TABLE 20-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
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
PIR1 PMPIF ADIF RC1IF TX1IF SSP1IF | CCP1IF | TMR2IF | TMR1IF 64
PIE1 PMPIE ADIE RC1IE TX1IE SSP1IE | CCP1IE | TMR2IE | TMR1IE 64
IPR1 PMPIP ADIP RC1IP TX1IP SSP1IP | CCP1IP | TMR2IP | TMR1IP 64
PIR3 SSP2IF BCL2IF RC2IF TX2IF | TMR4IF | CCP5IF | CCP4IF | CCP3IF 64
PIE3 SSP2IE BCL2IE RC2IE TX2IE | TMR4IE | CCP5IE | CCP4IE | CCP3IE 64
IPR3 SSP2IP BCL2IP RC2IP TX2IP | TMR4IP | CCP5IP | CCP4IP | CCP3IP 64
RCSTAXx SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 63
RCREGx EUSARTXx Receive Register 63
TXSTAX CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 63
BAUDCONx | ABDOVF | RCIDL DTRXP SCKP BRG16 — WUE ABDEN 65
SPBRGHx | EUSARTx Baud Rate Generator Register High Byte 65
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 65
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
20.24 AUTO-WAKE-UP ON SYNC BREAK the RXx/DTx line. (This coincides with the start of a

CHARACTER

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper byte reception cannot be per-
formed. The auto-wake-up feature allows the controller
to wake-up due to activity on the RXx/DTx line while the
EUSART is operating in Asynchronous mode.

The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCONx<1>). Once set, the typical
receive sequence on RXx/DTx is disabled and the
EUSART remains in an Idle state, monitoring for a
wake-up event independent of the CPU mode. A
wake-up event consists of a high-to-low transition on

Sync Break or a Wake-up Signal character for the LIN

protocol.)

Following a wake-up event, the module generates an
RCxIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 20-8) and asynchronously if the device is in
Sleep mode (Figure 20-9). The interrupt condition is
cleared by reading the RCREGx register.

The WUE bit

is automatically cleared once a

low-to-high transition is observed on the RXx line
following the wake-up event. At this point, the EUSART
module is in Idle mode and returns to normal operation.
This signals to the user that the Sync Break event is

over.
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20.3 EUSART Synchronous Once the TXREGx register transfers the data to the

Master Mode TSR register (occurs in one Tcy), the TXREGx is empty

and the TXxIF flag bit is set. The interrupt can be

The Synchronous Master mode is entered by setting enabled or disabled by setting or clearing the interrupt

the CSRC bit (TXSTAx<7>). In this mode, the data is enable bit, TXXIE. TXxIF is set regardless of the state

transmitted in a half-duplex manner (i.e., transmission of enable bit, TXxIE; it cannot be cleared in software. It

and reception do not occur at the same time). When will reset only when new data is loaded into the
transmitting data, the reception is inhibited and vice TXREGX register.

versa. Synchronous mode is entered by setting b, While flag bit, TXxIF, indicates the status of the TXREGx

SYNC (TXSTAx<4>). In addition, enable bit, SPEN
(RCSTAx<7>), is set in order to configure the TXx and
RXx pins to CKx (clock) and DTx (data) lines,
respectively.

register, another bit, TRMT (TXSTAx<1>), shows the
status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to
this bit, so the user must poll this bit in order to determine
The Master mode indicates that the processor trans- if the TSR register is empty. The TSR is not mapped in
mits the master clock on the CKx line. Clock polarity is data memory so it is not available to the user.

selected with the SCKP bit (BAUDCONXx<4>). Setting

SCKP sets the Idle state on CKx as high, while clearing To set up a Synchronous Master Transmission:

the bit sets the Idle state as low. This option is provided 1. Initialize the SPBRGHx:SPBRGx registers for the
to support Microwire devices with this module. appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.
20.3.1 EUSART SYNCHRONOUS MASTER 2. Enable the synchronous master serial port by
TRANSMISSION setting bits, SYNC, SPEN and CSRC.
The EUSART transmitter block diagram is shown in 3. Ifinterrupts are desired, set enable bit, TXxIE.
Figure 20-3. The heart of the transmitter is the Transmit 4. If 9-bit transmission is desired, set bit, TX9.
(Serial) Shift Register (TSR). The Shift register obtains 5. Enable the transmission by setting bit, TXEN.
its data from the Read/Write Transmit Buffer register, 6. If 9-bit transmission is selected, the ninth bit

TXREGx. The TXREGx register is loaded with data in should be loaded in bit. TX9D
software. The TSR register is not loaded until the last ’ ;

bit has been transmitted from the previous load. As 7. Start transmission by loading data to the

soon as the last bit is transmitted, the TSR is loaded TXREGx register.

with new data from the TXREGx (if available). 8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

FIGURE 20-11: SYNCHRONOUS TRANSMISSION

) | | y |
Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4Q1|Q2|Q3|Q4 Q1|Q2 |03|Q4Q1|Q2|Q3|Q4| |Q3|Q4. Q1|Q2|Q3|Q4.Q1 |Q2|Q3|Q4.Q1|QZ|Q3|Q4:Q1|Q2|QS|Q4|Q1 |QZ|Q3|Q4;Q1|QZ|Q3|Q4I

RC7/RX1/DT1 SCTBR0 X BRT X B2 ><j§j>< Bit7 >< B0 X BT X PO W i A—
! - - Word 1~ Word2 L L -

RC6/TX1/CKA pin : g e N e N wm | S e I
(SCKP = 0) . . X . X X l . 5 '
RCB/TX1/CK1 pin : ' ! ! ' ' ! ' '

(SCKP = 1) | |_q mg g—m_mg | —

Write to ] ! ] ! )( )( ! ! . . ‘c .

TXREG1 Reg Write Word 1 Write Word 2 - - . - )) | |
TX1IF bit 4._|—,__| | | : (¢ :
(Interrupt Flag) )()( | . , \ ) X
TRMT bit : : : : Ige - - : 5 : |
TXENbit .V . : : : § - - g i

Note: Sync Master mode, SPBRGx = 0, continuous transmission of two 8-bit words. This example is equally applicable to EUSART2
(RG1/TX2/CK2 and RG2/RX2/DT2).
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22.41.3 BDnSTAT Register (SIE Mode)

When the BD and its buffer are owned by the SIE, most
of the bits in BDnSTAT take on a different meaning. The
configuration is shown in Register 22-6. Once UOWN
is set, any data or control settings previously written
there by the user will be overwritten with data from the
SIE.

The BDnSTAT register is updated by the SIE with the
token Packet Identifier (PID) which is stored in
BDnSTAT<5:3>. The transfer count in the correspond-
ing BDNnCNT register is updated. Values that overflow
the 8-bit register carry over to the two most significant
digits of the count, stored in BDnSTAT<1:0>.

2242 BD BYTE COUNT

The byte count represents the total number of bytes
that will be transmitted during an IN transfer. After an IN
transfer, the SIE will return the number of bytes sent to
the host.

For an OUT transfer, the byte count represents the
maximum number of bytes that can be received and
stored in USB RAM. After an OUT transfer, the SIE will
return the actual number of bytes received. If the
number of bytes received exceeds the corresponding
byte count, the data packet will be rejected and a NAK
handshake will be generated. When this happens, the
byte count will not be updated.

The 10-bit byte count is distributed over two registers.
The lower 8 bits of the count reside in the BDnCNT
register. The upper two bits reside in BDnSTAT<1:0>.
This represents a valid byte range of 0 to 1023.

2243 BD ADDRESS VALIDATION

The BD Address register pair contains the starting RAM
address location for the corresponding endpoint buffer.
No mechanism is available in hardware to validate the
BD address.

If the value of the BD address does not point to an
address in the USB RAM, or if it points to an address
within another endpoint’s buffer, data is likely to be lost
or overwritten. Similarly, overlapping a receive buffer
(OUT endpoint) with a BD location in use can yield
unexpected results. When developing USB
applications, the user may want to consider the
inclusion of software-based address validation in their
code.

REGISTER 22-6: BDnSTAT: BUFFER DESCRIPTOR n STATUS REGISTER (BDOSTAT THROUGH
BD63STAT), SIE MODE (DATA RETURNED BY THE SIDE TO THE MCU)

R/W-x U-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
UOWN — | pp3 | PD2 PID1 PO | BCO | BC8
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 UOWN: USB Own bit
1 = The SIE owns the BD and its corresponding buffer
bit 6 Reserved: Not written by the SIE
bit 5-2 PID3:PIDO0: Packet Identifier bits

The received token PID value of the last transfer (IN, OUT or SETUP transactions only).

bit 1-0 BC9:BC8: Byte Count 9 and 8 bits

These bits are updated by the SIE to reflect the actual number of bytes received on an OUT transfer
and the actual number of bytes transmitted on an IN transfer.
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REGISTER 23-1: 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 EVPOLA1 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 EVPOL1:EVPOLO: 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 internal CVREF voltage
0 = Non-inverting input connects to CxINA pin

bit 1-0 CCH1:CCHO0: Comparator Channel Select bits

11 = Inverting input of comparator connects to VIRV

10 = Inverting input of comparator connects to CxIND pin(z)
01 = Inverting input of comparator connects to CxINC pin(z)
00 = Inverting input of comparator connects to CxINB pin

Note 1: The CMxIF is automatically set any time this mode is selected and must be cleared by the application after
the initial configuration.

2: Available in 80-pin devices only.
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25.3 On-Chip Voltage Regulator

All of the PIC18F87J10 family devices power their core
digital logic at a nominal 2.5V. For designs that are
required to operate at a higher typical voltage, such as
3.3V, all devices in the PIC18F87J10 family incorporate
an on-chip regulator that allows the device to run its
core logic from VDD.

The regulator is controlled by the ENVREG pin. Tying
VDD to the pin enables the regulator, which in turn, pro-
vides power to the core from the other VDD pins. When
the regulator is enabled, a low-ESR filter capacitor
must be connected to the VDDCORE/VCAP pin
(Figure 25-2). This helps to maintain the stability of the
regulator. The recommended value for the filter capac-
itor is provided in Section 28.3 “DC Characteristics:
PIC18F87J50 Family (Industrial)”.

If ENVREG is tied to Vss, the regulator is disabled. In
this case, separate power for the core logic at a nomi-
nal 2.5V must be supplied to the device on the
VDDCORE/VCAP pin to run the I/O pins at higher voltage
levels, typically 3.3V. Alternatively, the VDDCORE/VCAP
and VDD pins can be tied together to operate at a lower
nominal voltage. Refer to Figure 25-2 for possible
configurations.

25.3.1 VOLTAGE REGULATOR TRACKING
MODE AND LOW-VOLTAGE
DETECTION

When it is enabled, the on-chip regulator provides a con-
stant voltage of 2.5V nominal to the digital core logic.
The regulator can provide this level from a VDD of about
2.5V, all the way up to the device’s VDDMAX. It does not
have the capability to boost VDD levels below 2.5V. In
order to prevent “brown-out” conditions, when the volt-
age drops too low for the regulator, the regulator enters
Tracking mode. In Tracking mode, the regulator output
follows VDD, with a typical voltage drop of 100 mV.

The on-chip regulator includes a simple Low-Voltage
Detect (LVD) circuit. If VDD drops too low to maintain
approximately 2.45V on VDDCORE, the circuit sets the
Low-Voltage Detect Interrupt Flag, LVDIF (PIR2<2>).
This can be used to generate an interrupt and put the
application into a low-power operational mode, or trig-
ger an orderly shutdown. Low-Voltage Detection is only
available when the regulator is enabled.

The Low-Voltage Detect interrupt is edge-sensitive and
will only be set once per falling edge of VDDCORE. Firm-
ware can clear the interrupt flag, but a new interrupt will
not be generated until VDDCORE rises back above, and
then falls below, the 2.45V nominal threshold. Device
Resets will reset the interrupt flag to ‘0’, even if
VDDCORE is less than 2.45V. When the regulator is
enabled, the LVDSTAT bit in the WDTCON register can
be polled to determine the current level of VDDCORE.

FIGURE 25-2: CONNECTIONS FOR THE

ON-CHIP REGULATOR

Regulator Enabled (ENVREG tied to VDD):
3.3V

PIC18F87J50
VDD
ENVREG

N VDDCORE/VCAP

CF —
Vss

Regulator Disabled (ENVREG tied to ground):

25v 33y

PIC18F87J50
VDD
ENVREG

VDDCORE/VCAP

Vss

Regulator Disabled (VDD tied to VDDCORE):

2.5v(M

PIC18F87J50
VDD
ENVREG

VDDCORE/VCAP

Vss

Note 1: These are typical operating voltages. Refer
to Section 28.1 “DC Characteristics:
Supply Voltage” for the full operating
ranges of VDD and VDDCORE.
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DAW Decimal Adjust W Register
Syntax: DAW
Operands: None
Operation: If [W<3:0> > 9] or [DC = 1] then,
(W<3:0>) + 6 > W<3:0>;
else,
(W<3:0>) »> W<3:0>
If [W<7:4> > 9] or [C = 1] then,
(W<7:4>) + 6 > W<T7:4>,
C=1;
else,
(W<T7:4>) - W<7:4>
Status Affected: C
Encoding: | 0000 | o000 [ o000 [ o111 |
Description: DAW adjusts the eight-bit value in W,
resulting from the earlier addition of two
variables (each in packed BCD format)
and produces a correct packed BCD
result.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register W Data W
Example 1: DAW
Before Instruction
w = A5h
C = 0
DC = 0
After Instruction
w = 05h
C = 1
DC = 0
Example 2:
Before Instruction
w = CEh
C = 0
DC = 0
After Instruction
w = 34h
C = 1
DC = 0

DECF Decrement f
Syntax: DECF f{d {,a}}
Operands: 0<f<255
d e [0,1]
a e [0,1]
Operation: (f)— 1 — dest
Status Affected: C,DC,N, 0V, Zz
Encoding: ‘ 0000 | 0lda ‘ fEEE | fEff ‘
Description: Decrement register ‘f’. If ‘d’ is ‘0’, the
result is stored in W. If 'd” is ‘1’, the
result is stored back in register ‘f
(default).
If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘@’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 26.2.3 “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: DECF CNT, 1, 0
Before Instruction
CNT = 01h
4 = 0
After Instruction
CNT = 00h
4 = 1

DS39775C-page 384

© 2009 Microchip Technology Inc.



PIC18F87J50 FAMILY

FIGURE 28-7: PROGRAM MEMORY WRITE TIMING DIAGRAM

| I I [ I [ I
Q1 | Q2 | Q3 | Q4 | Q1 | Q2 |

|
| | | | | | |
0sCH mw
A<19:16> W W Address
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e | | I e W
| : 0o 171 | [ | | : X |
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Operating Conditions: 2.0V < Vcc < 3.6V, -40°C < TA < +125°C unless otherwise stated.
TABLE 28-12: PROGRAM MEMORY WRITE TIMING REQUIREMENTS
Par:im. Symbol Characteristics Min Typ Max | Units
150 TadV2alL |Address Out Valid to ALE | (address setup time) 0.25 Tcy - 10 — — ns
151 TalL2adl |ALE | to Address Out Invalid (address hold time) 5 — — ns
153 TwrH2adl |WRn 7 to Data Out Invalid (data hold time) 5 — — ns
154 TwrL WRn Pulse Width 05Tcy-5 |05Tcy | — ns
156 TadV2wrH |Data Valid before WRn 7T (data setup time) 0.5Tcy-10 — — ns
157 TbsV2wrL |Byte Select Valid before WRn { 0.25 Tey — — ns
(byte select setup time)
157A | TwrH2bsl |WRn 7 to Byte Select Invalid (byte select hold time) | 0.125 Tcy — 5 — — ns
166 TalH2alH |ALE 7T to ALE T (cycle time) — Tey — ns
171 TalH2csL |Chip Enable Active to ALE | 0.25 Tcy — 20 — — ns
171A  |TubL20eH [AD Valid to Chip Enable Active — — 10 ns
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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
Memory Map .....ccccovieiiiiiieeeeeeee e
Oownership .......ccccveeee.
Ping-Pong Buffering ..
Register Summary ............... .
Status and Configuration ...........cccccovciinnieenne 319
Class Specifications and Drivers ........c.cccccecvveeennn. 336
Descriptors .......ccovviivieiiecieeees .. 336
Endpoint Control ... .. 317
Enumeration ..........c.cco...... .. 336
External Pull-up Resistors .........ccccoooiviiiiiiinieccnenne 315
Eye Pattern Test Enable ...........cccccviiiiiiiiinicen. 315
Firmware and Drivers .
Frame Number Registers ..........ccccoooiniiiiinicennn. 318
Frames .....ooooiiiiie e 335
Internal Pull-up Resistors .........ccceveveviiiiiiiee e 315
Internal TransSCeIVEr .........ccciiiiiiieiieeeeee e 313
Interrupts .
and USB Transactions ...........cccceeevvneiennieeenne 325
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