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PIC18F97J60 FAMILY

64/80/100-Pin High-Perfor mance,
1-Mbit Flash Microcontrollerswith Ether net

Ethernet Features:

« |EEE 802.3™ Compatible Ethernet Controller
* Fully Compatible with 10/100/1000Base-T Networks
* Integrated MAC and 10Base-T PHY
» 8-Kbyte Transmit/Receive Packet Buffer SRAM
» Supports One 10Base-T Port
* Programmable Automatic Retransmit on Collision
* Programmable Padding and CRC Generation
* Programmable Automatic Rejection of Erroneous
Packets
« Activity Outputs for 2 LED Indicators
« Buffer:
- Configurable transmit/receive buffer size
- Hardware-managed circular receive FIFO
- Byte-wide random and sequential access
- Internal DMA for fast memory copying
- Hardware assisted checksum calculation for
various protocols
*+ MAC:
- Support for Unicast, Multicast and Broadcast
packets
- Programmable Pattern Match of up to 64 bytes
within packet at user-defined offset
- Programmable wake-up on multiple packet
formats
* PHY:
- Wave shaping output filter

Flexible Oscillator Structure:

» Selectable System Clock derived from Single
25 MHz External Source:
- 2.778 to 41.667 MHz
* Internal 31 kHz Oscillator
» Secondary Oscillator using Timer1 @ 32 kHz
» Fail-Safe Clock Monitor:
- Allows for safe shutdown if oscillator stops
» Two-Speed Oscillator Start-up

External Memory Bus
(100-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

Peripheral Highlights:

» High-Current Sink/Source: 25 mA/25 mA on PORTB
and PORTC
» Five Timer modules (Timer0 to Timer4)
« Four External Interrupt pins
* 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
» Up to Two Master Synchronous Serial Port (MSSP)
modules supporting SPI (all 4 modes) and [2cm™
Master and Slave modes
* Up to Two Enhanced USART modules:
- Supports RS-485, RS-232 and LIN/J2602
- Auto-wake-up on Start bit
- Auto-Baud Detect (ABD)
* 10-Bit, Up to 16-Channel Analog-to-Digital Converter
module (A/D):
- Auto-acquisition capability
- Conversion available during Sleep
* Dual Analog Comparators with Input Multiplexing
» Parallel Slave Port (PSP) module
(100-pin devices only)

Special Microcontroller Features:

» 5.5V Tolerant Inputs (digital-only pins)
* Low-Power, High-Speed CMOS Flash Technology:
- Self-reprogrammable under software control
» C compiler Optimized Architecture for Reentrant Code
* Power Management Features:
- Run: CPU on, peripherals on
- Idle: CPU off, peripherals on
- Sleep: CPU off, peripherals off
 Priority Levels for Interrupts
» 8 x 8 Single-Cycle Hardware Multiplier
« Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 134s
» Single-Supply 3.3V In-Circuit Serial Programming™
(ICSP™) via Two Pins
* In-Circuit Debug (ICD) with 3 Breakpoints via
Two Pins
» Operating Voltage Range of 2.35V to 3.6V (3.1V to
3.6V using Ethernet module)
* On-Chip 2.5V Regulator

© 2011 Microchip Technology Inc.
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(2]

Flash SRAM | Ethernet MSSP — S = é

Device Program Data TXIRX o 10-Bit | CCP/ SE g Timers psSp s>

Memory | Memory | Buffer A/D (ch)| ECCP SPI Mzaster % g 8/16-Bit 2 g

(bytes) | (bytes) | (bytes) cc™ | W 5 e

(] =
PIC18F66J60 64K 3808 8192 39 11 2/3 1 Y Y 1 2 2/3 N N
PIC18F66J65 96K 3808 8192 39 11 2/3 1 Y Y 1 2 2/3 N N
PIC18F67J60 128K 3808 8192 39 1 2/3 1 Y Y 1 2 2/3 N N
PIC18F86J60 64K 3808 8192 55 15 2/3 1 Y Y 2 2 2/3 N N
PIC18F86J65 96K 3808 8192 55 15 2/3 1 Y Y 2 2 2/3 N N
PIC18F87J60 128K 3808 8192 55 15 2/3 1 Y Y 2 2 2/3 N N
PIC18F96J60 64K 3808 8192 70 16 2/3 2|1 Y Y 2 2 2/3 Y Y
PIC18F96J65 96K 3808 8192 70 16 2/3 2|1 Y Y 2 2 2/3 Y Y
PIC18F97J60 128K 3808 8192 70 16 2/3 21 Y Y 2 2 2/3 Y Y
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Pin Diagrams
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Pin Diagrams (Continued)

80-Pin TQFP
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Note 1: The ECCP2/P2A pin placement depends on the CCP2MX Configuration bit setting.
2:  P1B, P1C, P3B and P3C pin placement depends on the ECCPMX Configuration bit setting.
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Pin Diagrams (Continued)

100-Pin TQFP
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Note 1: The ECCP2/P2A pin placement depends on the CCP2MX Configuration bit and Processor mode settings.
2:  P1B, P1C, P3B and P3C pin placement depends on the ECCPMX Configuration bit setting.
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

© 2011 Microchip Technology Inc. DS39762F-page 9
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NOTES:
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1.0 DEVICE OVERVIEW

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

+ PIC18F66J60 + PIC18F87J60
+ PIC18F66J65 » PIC18F96J60
» PIC18F67J60 + PIC18F96J65
+ PIC18F86J60 + PIC18F97J60

+ PIC18F86J65

This family introduces a new line of low-voltage devices
with the foremost traditional advantage of all PIC18
microcontrollers — namely, high computational per-
formance and a rich feature set at an extremely
competitive price point. These features make the
PIC18F97J60 family a logical choice for many
high-performance applications where cost is a primary
consideration.

1.1 Core Features

1.1.1 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC18F97J60 family offer five
different oscillator options, allowing users a range of
choices in developing application hardware. These
options include:

» Two Crystal modes, using crystals or ceramic
resonators.

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

» A Phase Lock Loop (PLL) frequency multiplier,
available to the external oscillator modes, which
allows clock speeds of up to 41.667 MHz.

* Aninternal RC oscillator with a fixed 31 kHz
output which provides an extremely low-power
option for timing-insensitive applications.

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.

1.1.2 EXPANDED MEMORY

The PIC18F97J60 family provides ample room for
application code, from 64 Kbytes to 128 Kbytes of code
space. The Flash cells for program memory are rated
to last 100 erase/write cycles. Data retention without
refresh is conservatively estimated to be greater than
20 years.

The PIC18F97J60 family also provides plenty of room
for dynamic application data with 3808 bytes of data
RAM.

1.1.3 EXTERNAL MEMORY BUS

In the unlikely event that 128 Kbytes of memory are
inadequate for an application, the 100-pin members of
the PIC18F97J60 family also implement an External
Memory Bus (EMB). This allows the controller’s inter-
nal program counter to address a memory space of up
to 2 Mbytes, permitting a level of data access that few
8-bit devices can claim. This allows additional memory
options, including:

» Using combinations of on-chip and external
memory up to the 2-Mbyte limit

» Using external Flash memory for reprogrammable
application code or large data tables

» Using external RAM devices for storing large
amounts of variable data

1.1.4 EXTENDED INSTRUCTION SET

The PIC18F97J60 family implements the optional
extension to the PIC18 instruction set, adding eight
new instructions and an Indexed Addressing mode.
Enabled as a device configuration option, the extension
has been specifically designed to optimize reentrant
application code originally developed in high-level
languages, such as C.

1.1.5 EASY MIGRATION

Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve.

© 2011 Microchip Technology Inc.
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1.2 Other Special Features

* Communications: The PIC18F97J60 family

incorporates a range of serial communication
peripherals, including up to two independent
Enhanced USARTs and up to two Master SSP
modules, capable of both SPI and [2c™ (Master
and Slave) modes of operation. In addition, one of
the general purpose /O ports can be reconfigured
as an 8-bit Parallel Slave Port for direct
processor-to-processor communications.

CCP Modules: All devices in the family incorporate
two Capture/Compare/PWM (CCP) modules and
three Enhanced CCP (ECCP) modules to maximize
flexibility in control applications. Up to four different
time bases may be used to perform several
different operations at once. Each of the three
ECCP modules offers up to four PWM outputs,
allowing for a total of twelve PWMs. The ECCP
modules also offer many beneficial features,
including polarity selection, programmable dead
time, auto-shutdown and restart and Half-Bridge
and Full-Bridge Output modes.

10-Bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period and
thus, reducing code overhead.

Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler,
allowing an extended time-out range. See
Section 28.0 “Electrical Characteristics” for
time-out periods.

1.3 Details on Individual Family
Members

Devices in the PIC18F97J60 family are available in
64-pin, 80-pin and 100-pin packages. Block diagrams
for the three groups are shown in Figure 1-1,
Figure 1-2 and Figure 1-3.

The devices are differentiated from each other in four
ways:

1. Flash program memory (three sizes, ranging
from 64 Kbytes for PIC18FX6J60 devices to
128 Kbytes for PIC18FX7J60 devices).

2. A/D channels (eleven for 64-pin devices, fifteen
for 80-pin pin devices and sixteen for 100-pin
devices).

3. Serial communication modules (one EUSART
module and one MSSP module on 64-pin
devices, two EUSART modules and one MSSP
module on 80-pin devices and two EUSART
modules and two MSSP modules on 100-pin
devices).

4. 1/O pins (39 on 64-pin devices, 55 on 80-pin
devices and 70 on 100-pin devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1, Table 1-2 and
Table 1-3.

The pinouts for all devices are listed in Table 1-4,
Table 1-5 and Table 1-6.

DS39762F-page 12
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TABLE 1-1:

DEVICE FEATURES FOR THE PIC18F97J60 FAMILY (64-PIN DEVICES)

Features

PIC18F66J60

PIC18F66J65

PIC18F67J60

Operating Frequency

DC - 41.667 MHz

DC - 41.667 MHz

DC - 41.667 MHz

Program Memory (Bytes) 64K 96K 128K
Program Memory (Instructions) 32764 49148 65532
Data Memory (Bytes) 3808

Interrupt Sources 26

1/0O Ports Ports A,B,C,D,E,F, G
1/0 Pins 39
Timers 5
Capture/Compare/PWM Modules 2
Enhanced Capture/Compare/PWM Modules 3

Serial Communications

MSSP (1), Enhanced USART (1)

Ethernet Communications (10Base-T) Yes
Parallel Slave Port Communications (PSP) No
External Memory Bus No

10-Bit Analog-to-Digital Module

11 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full,
Stack Underflow, MCLR , WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages 64-Pin TQFP
TABLE 1-2: DEVICE FEATURES FOR THE PIC18F97J60 FAMILY (80-PIN DEVICES)

Features PIC18F86J60 PIC18F86J65 PIC18F87J60
Operating Frequency DC —41.667 MHz DC —41.667 MHz DC - 41.667 MHz
Program Memory (Bytes) 64K 96K 128K
Program Memory (Instructions) 32764 49148 65532
Data Memory (Bytes) 3808
Interrupt Sources 27

1/0 Ports Ports A,B,C,D,E,F, G H, J
1/0 Pins 55
Timers 5
Capture/Compare/PWM Modules 2
Enhanced Capture/Compare/PWM Modules 3

Serial Communications

MSSP (1), Enhanced USART (2)

Ethernet Communications (10Base-T) Yes
Parallel Slave Port Communications (PSP) No
External Memory Bus No

10-Bit Analog-to-Digital Module

15 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full,
Stack Underflow, MCLR , WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

80-Pin TQFP

© 2011 Microchip Technology Inc.
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PIC18F9/7J60 FAMILY

TABLE 1-3: DEVICE FEATURES FOR THE PIC18F97J60 FAMILY (100-PIN DEVICES)

Features PIC18F96J60 PIC18F96J65 PIC18F97J60
Operating Frequency DC - 41.667 MHz DC - 41.667 MHz DC - 41.667 MHz
Program Memory (Bytes) 64K 96K 128K
Program Memory (Instructions) 32764 49148 65532
Data Memory (Bytes) 3808
Interrupt Sources 29
1/0 Ports Ports A,B,C,D,E,F, G H, J
1/0 Pins 70
Timers 5
Capture/Compare/PWM Modules 2
Enhanced Capture/Compare/PWM Modules 3
Serial Communications MSSP (2), Enhanced USART (2)
Ethernet Communications (10Base-T) Yes
Parallel Slave Port Communications (PSP) Yes
External Memory Bus Yes

10-Bit Analog-to-Digital Module

16 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full,
Stack Underflow, MCLR , WDT (PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

100-Pin TQFP

DS39762F-page 14
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PIC18F9/7/J60 FAMILY

PIC18F66J60/66J65/67J60 (64-PIN) BLOCK DIAGRAM

FIGURE 1-1:
Data Bus<8>
Table Pointer<21> 4 2 *
: : Data Latch — PORTA
inc/dec logic 8 8 RA0:RA5()
Data Memory
21 (3808 Bytes)
20 Address Latch
Program Counter }12 PORTB
Data Address<12> =
a ress A RBO:RB7()
[ 31LevelStack |
Address Latch 4 4
BSR Access
Program Memory ﬁ‘-STKPTR Bank
(64, 96, 128 Kbytes)
12
Data Latch PORTC
I RCO:RC7®
ROM Latch »| Address
Instruction Bus <16> Decode
PORTD
I RDO:RD2(
8
; State Machine ;
Instruct
Dgiorgg I,:,?d > Control Signals
Control
l PRODH| PRODL PORTE
. (1)
5 [Bx8Muftiply REQ:RES
- g 8
0SC2/CLKO |  Timing | g o Power-up v
OSC1/CLKI | Generation Timer BITOP W€ / )
X Oscillator 8 8
INTRC Start-up Timer
Oscillator Power-on 8 S Y PORTF
Reset RF1:RF7(D
Precision ALU<8>
Band Gap —pp|| Watchdog
Reference Timer 8
ENVREG Voltage Brown-out —}
& - —p 2
Regulator Reset?
PORTG
é é % ) RG4W
VDDCORE/VCAP VoD, Vss MCLR
ADC ) ’ ) ) )
10-Bit Timer0 Timer1 Timer2 Timer3 Timer4 Comparators
ECCP1 ECCP2 ECCP3 CCP4 CCP5 MSSP1 EUSART1 Ethernet
Note 1. See Table 1-4 for I/O port pin descriptions.
2:  BOR functionality is provided when the on-board voltage regulator is enabled.
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PIC18F9/7J60 FAMILY

FIGURE 1-2: PIC18F86J60/86J65/87J60 (80-PIN) BLOCK DIAGRAM
Data Bus<8>
Table Pointer<21>| | y'y ¥
- - Data Latch = PORTA
inc/dec logic 8 8 RAO:RA5()
Data Memory
(3806 Bytes)
Address Latch
y| PORT
Program Counter 12 RBO:RB7(®
Data Address<12>
31 Level Stack |
Address Latch PORTC
Program Memory STKPTR = o
(64, 96, 128 Kbytes) RCO:RC7
Data Latch
PORTD
Ly "
RDO:RD2(M
ROM Latch Address
Instruction Bus <16> Decode
| PORTE
REO:RE7(®)
£ 8
Instruction State Machine
Decode & ->Control Signals t PORTF
Control —
-RE7(
i A RF1:RF7
0SC2/CLKO | _ Timing Power-up
OSC1/CLKI | Generation NEg Timer
PORTG
X Oscillator
-up Ti . 1
INTRC Start-up Timer RGO:RG4M)
Oscillator Power-on
Reset
Precision
Band Gap | Watchdog A PORTH
Reference Timer 8 = RHO-RH7()
ENVREG Vortage Brown-out > '
El > 2
Regulator Reset
é Iﬁ é PORTJ
VDDCORE/VCAP  VDD,Vss  MCLR ’ RJ4:RJ5W
ADC X X " " X
10-Bit Timer0 Timer1 Timer2 Timer3 Timer4 Comparators

v ¥ v v v v v v ¥

ECCP1 ECCP2 ECCP3 CCP4 CCP5 EUSART1| |[EUSART2 MSSP1 Ethernet

Note 1. See Table 1-5 for I/O port pin descriptions.
2:  BOR functionality is provided when the on-board voltage regulator is enabled.

DS39762F-page 16 © 2011 Microchip Technology Inc.



PIC18F9/7/J60 FAMILY

2: BOR functionality is provided when the on-board voltage regulator is enabled.

FIGURE 1-3: PIC18F96J60/96J65/97J60 (100-PIN) BLOCK DIAGRAM
Data Bus<8>
A
Tabl P"te <21 Data*Latch _’ PORTA
able Pointer<21>
8 {8 RAO:RA5(1
t Data Memory
inc/dec logic (3808 Bytes)
Address Latch
> PORTB
Program Counter }12 RB0O:RB7W)
Data Address<12>
31 Level Stack | 4
8 Address Latch 4 12 4 PORTG
Access
% Program Memory STKPTR Bank — . o
£ (64, 96, 128 Kbytes) RCO:RC7
@ 12
m Data Latch
€
2
2 PORTD
3 N
RDO:RD7()
Addross
. Decode
Instruction Bus <16>
PORTE
. 1
> AD15:ADO, A19:A16 REO:RE7®)
(Multiplexed with PORTD,
PORTE and PORTH)
| - PORTF
State Machine nstruction
; <= Decode & RFO:RF7()
Control Signals Control
l BITOP
0OSC2/CLKO Timing P Power-up 8 PORTG
OSC1/CLKI | Generation Timer RGO:RG7®
X€» Oscillator ‘8 )
INTRC Start-up Timer *
Oscillator Power-on \ ALU<8> ;
Reset o PORTH
Precision I . (1)
Band Gap > Watchdog _> RHO:RH7
Reference Timer
ENVREG Voltage Brown-out
2
X— Regulator P Reset? PORTJ
g é é ’ RJO:RJ7®)
VDDCORE/VCAP Vop,Vss  MCLR
ADC . X . " "
10-Bit Timer0 Timer1 Timer2 Timer3 Timer4 Comparators
v Y Y Y Y v v v v ¥
ECCP1 ECCP2 ECCP3 CCP4 CCP5 EUSART1| | EUSART2 MSSP1 MSSP2 Ethernet
Note 1: See Table 1-6 for I/O port pin descriptions.

© 2011 Microchip Technology Inc.

DS39762F-page 17




PIC18F9/7J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT I/O DESCRIPTIONS
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
MCLR 7 | ST Master Clear (Reset) input. This pin is an active-low Reset
to the device.
OSC1/CLKI 39 Oscillator crystal or external clock input.
0OSC1 ST Oscillator crystal input or external clock source input.
ST buffer when configured in internal RC mode; CMOS
otherwise.
CLKI CMOS External clock source input. Always associated
with pin function, OSC1. (See related OSC2/CLKO pin.)
0OSC2/CLKO 40 Oscillator crystal or clock output.
0SC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO (6] — In Internal RC mode, OSC2 pin outputs CLKO which has
1/4 the frequency of OSC1 and denotes the
instruction cycle rate.
PORTA is a bidirectional 1/O port.
RAO/LEDA/ANO 24
RAO I/0 TTL Digital I/O.
LEDA (0] — Ethernet LEDA indicator output.
ANO | Analog Analog Input 0.
RA1/LEDB/AN1 23
RA1 I/0 TTL Digital I/O.
LEDB (0] — Ethernet LEDB indicator output.
AN1 | Analog Analog Input 1.
RA2/AN2/V/REF- 22
RA2 I/0 TTL Digital 1/0.
AN2 | Analog Analog Input 2.
VREF- I Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 21
RA3 I/0 TTL Digital 1/0.
AN3 | Analog Analog Input 3.
VREF+ I Analog A/D reference voltage (high) input.
RA4/TOCKI 28
RA4 I/0 ST Digital /0.
TOCKI | ST TimerO external clock input.
RAS5/AN4 27
RA5 I/0 TTL Digital /0.
AN4 I Analog Analog Input 4.
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)

DS39762F-page 18
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PIC18F9/7/J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name Pin Buffer Description
TQFP Type Type
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO 3
RBO I/0 TTL Digital I/O.
INTO | ST External Interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP modules); enabled
in software.
RB1/INT1 4
RB1 I/0 TTL Digital I/O.
INT1 | ST External Interrupt 1.
RB2/INT2 5
RB2 I/0 TTL Digital I/0.
INT2 | ST External Interrupt 2.
RB3/INT3 6
RB3 I/0 TTL Digital I/O.
INT3 | ST External Interrupt 3.
RB4/KBI0O 44
RB4 I/0 TTL Digital I/O.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 43
RB5 I/0 TTL Digital I/O.
KBI1 | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 42
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC I/0 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 37
RB7 I/0 TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD I/0 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)
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PIC18F9/7J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

Pin Name Pin Buffer Description
TQFP Type Type
PORTC is a bidirectional 1/0 port.
RCO/T10SO/T13CKI 30
RCO I/0 ST Digital I/O.
T10S0O (6] — Timer1 oscillator output.
T13CKI I ST Timer1/Timer3 external clock input.
RC1/T10SI/ECCP2/P2A 29
RC1 I/0 ST Digital I/O.
T10SI | CMOS Timer1 oscillator input.
ECCP2 110 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A o] — ECCP2 PWM Output A.
RC2/ECCP1/P1A 33
RC2 I/0 ST Digital I/O.
ECCP1 110 ST Capture 1 input/Compare 1 output/PWM1 output.
P1A O — ECCP1 PWM Output A.
RC3/SCK1/SCL1 34
RC3 I/0 ST Digital I/O.
SCK1 I/0 ST Synchronous serial clock input/output for SPI mode.
SCL1 1’0 ST Synchronous serial clock input/output for I°C™ mode.
RC4/SDI1/SDA1 35
RC4 I/0 ST Digital I/O.
SDI1 I ST SPI data in.
SDA1 110 ST I2C data /0.
RC5/SDO1 36
RC5 I/0 ST Digital I/O.
SDO1 O — SPI data out.
RC6/TX1/CK1 31
RC6 I/0 ST Digital I/O.
™1 (0] — EUSART1 asynchronous transmit.
CK1 I/0 ST EUSART1 synchronous clock (see related RX1/DT1 pin).
RC7/RX1/DT1 32
RC7 I/0 ST Digital I/O.
RX1 | ST EUSART1 asynchronous receive.
DT1 I/0 ST EUSART1 synchronous data (see related TX1/CK1 pin).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

DS39762F-page 20
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PIC18F9/7/J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
TQFP Type Type
PORTD is a bidirectional 1/0 port.
RDO/P1B 60
RDO I/0 ST Digital /0.
P1B o — ECCP1 PWM Output B.
RD1/ECCP3/P3A 59
RD1 I/0 ST Digital /0.
ECCP3 I/0 ST Capture 3 input/Compare 3 output/PWM3 output.
P3A o — ECCP3 PWM Output A.
RD2/CCP4/P3D 58
RD2 I/0 ST Digital /0.
CCP4 I/0 ST Capture 4 input/Compare 4 output/PWM4 output.
P3D o — CCP4 PWM Output D.
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)

© 2011 Microchip Technology Inc.
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PIC18F9/7J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTE is a bidirectional I/O port.
REO/P2D 2
REO I/0 ST Digital /0.
P2D o — ECCP2 PWM Output D.
RE1/P2C 1
RE1 I/0 ST Digital /0.
P2C o — ECCP2 PWM Output C.
RE2/P2B 64
RE2 I/0 ST Digital /0.
P2B o] — ECCP2 PWM Output B.
RE3/P3C 63
RE3 I/0 ST Digital 1/O.
P3C o — ECCP3 PWM Output C.
RE4/P3B 62
RE4 I/0 ST Digital /0.
P3B (o] — ECCP3 PWM Output B.
RES5/P1C 61
RE5 I/0 ST Digital 1/0.
P1C 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)
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PIC18F9/7/J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
TQFP Type Type
PORTF is a bidirectional 1/0O port.
RF1/AN6/C20UT 17
RF1 I/0 ST Digital I/O.
AN6 | Analog Analog Input 6.
c20uT (6] — Comparator 2 output.
RF2/AN7/C10UT 16
RF2 I/0 ST Digital I/O.
AN7 | Analog Analog Input 7.
C10UT (0] — Comparator 1 output.
RF3/AN8 15
RF3 I/0 ST Digital I/O.
AN8 | Analog Analog Input 8.
RF4/AN9 14
RF4 I/0 ST Digital I/O.
AN9 | Analog Analog Input 9.
RF5/AN10/CVREF 13
RF5 I/0 ST Digital I/O.
AN10 | Analog Analog Input 10.
CVREF (6] — Comparator reference voltage output.
RF6/AN11 12
RF6 I/0 ST Digital I/0.
AN11 | Analog Analog Input 11.
RF7/SS1 11
RF7 I/0 ST Digital I/0.
SS1 | TTL SPI slave select input.
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)

© 2011 Microchip Technology Inc.
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PIC18F9/7J60 FAMILY

TABLE 1-4: PIC18F66J60/66J65/67J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTG is a bidirectional I/O port.
RG4/CCP5/P1D 8
RG4 I/0 ST Digital I/O.
CCP5 110 ST Capture 5 input/Compare 5 output/PWM5 output.
P1D o — ECCP1 PWM Output D.
Vss 9, 25, 41, 56 P — Ground reference for logic and 1/O pins.
VDD 26, 38, 57 P — Positive supply for peripheral digital logic and 1/O pins.
AVss 20 P — Ground reference for analog modules.
AVDD 19 P — Positive supply for analog modules.
ENVREG 18 | ST Enable for on-chip voltage regulator.
VDDCORE/VCAP 10 Core logic power or external filter capacitor connection.
VDDCORE P — Positive supply for microcontroller core logic
(regulator disabled).
VcAP P — External filter capacitor connection (regulator enabled).
VSSPLL 55 P — Ground reference for Ethernet PHY PLL.
VDDPLL 54 P — Positive 3.3V supply for Ethernet PHY PLL.
VsSTX 52 P — Ground reference for Ethernet PHY transmit subsystem.
VDDTX 49 P — Positive 3.3V supply for Ethernet PHY transmit subsystem.
VSSRX 45 P — Ground reference for Ethernet PHY receive subsystem.
VDDRX 48 P — Positive 3.3V supply for Ethernet PHY receive subsystem.
RBIAS 53 I Analog |Bias current for Ethernet PHY. Must be tied to Vss via a resistor;
see Section 19.0 “Ethernet Module” for specification.
TPOUT+ 51 O — Ethernet differential signal output.
TPOUT- 50 O — Ethernet differential signal output.
TPIN+ 47 | Analog |Ethernet differential signal input.
TPIN- 46 | Analog |Ethernet differential signal input.
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)

DS39762F-page 24

© 2011 Microchip Technology Inc.




PIC18F9/7/J60 FAMILY

TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT 1/O DESCRIPTIONS

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type

MCLR 9 | ST Master Clear (Reset) input. This pin is an active-low Reset to
the device.
OSC1/CLKI 49 Oscillator crystal or external clock input.
0OSC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in internal RC mode; CMOS
otherwise.
CLKI | CMOS External clock source input. Always associated with
pin function, OSC1. (See related OSC2/CLKO pin.)
0SC2/CLKO 50 Oscillator crystal or clock output.
0SC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLKO (0] — In Internal RC mode, OSC2 pin outputs CLKO which has

1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

PORTA is a bidirectional 1/O port.

RAO/LEDA/ANO 30
RAO I/0 TTL Digital I/O.
LEDA (0] — Ethernet LEDA indicator output.
ANO | Analog Analog Input 0.
RA1/LEDB/AN1 29
RA1 1/0 TTL Digital 1/0.
LEDB (0] — Ethernet LEDB indicator output.
AN1 | Analog Analog Input 1.
RA2/AN2/VREF- 28
RA2 I/0 TTL Digital I/O.
AN2 | Analog Analog Input 2.
VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 27
RA3 I/0 TTL Digital I/O.
AN3 | Analog Analog Input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 34
RA4 I/0 ST Digital I/O.
TOCKI | ST TimerO external clock input.
RA5/AN4 33
RA5 I/0 TTL Digital I/O.
AN4 | Analog Analog Input 4.
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: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

RN
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TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO 5
RBO I/0 TTL Digital I/O.
INTO | ST External Interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP modules); enabled
in software.
RB1/INT1 6
RB1 I/0 TTL Digital I/O.
INT1 | ST External Interrupt 1.
RB2/INT2 7
RB2 I/0 TTL Digital I/O.
INT2 | ST External Interrupt 2.
RB3/INT3 8
RB3 1/0 TTL Digital I/O.
INT3 | ST External Interrupt 3.
RB4/KBI0O 54
RB4 I/0 TTL Digital I/O.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 53
RB5 I/0 TTL Digital I/O.
KBI1 | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 52
RB6 1/0 TTL Digital I/O.
KBI2 | TTL Interrupt-on-change pin.
PGC I/0 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 47
RB7 I/0 TTL Digital I/O.
KBI3 | TTL Interrupt-on-change pin.
PGD I/0 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

Rowbd
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TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

Pin Name Pin Buffer Description
TQFP Type | Type
PORTC is a bidirectional 1/0 port.
RCO/T10SO/T13CKI 36
RCO I/0 ST Digital I/O.
T10S0O (0] — Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/ECCP2/P2A 35
RC1 I/0 ST Digital 1/0.
T10SI | CMOS Timer1 oscillator input.
Eccp2) 110 ST Capture 2 input/Compare 2 output/PWM2 output.
P2AW) o} — ECCP2 PWM Output A.
RC2/ECCP1/P1A 43
RC2 I/0 ST Digital 1/0.
ECCP1 110 ST Capture 1 input/Compare 1 output/PWM1 output.
P1A 0} — ECCP1 PWM Output A.
RC3/SCK1/SCL1 44
RC3 I/0 ST Digital I/O.
SCK1 I/0 ST Synchronous serial clock input/output for SPI mode.
SCL1 1’0 ST Synchronous serial clock input/output for I°C™ mode.
RC4/SDI1/SDA1 45
RC4 I/0 ST Digital I/O.
SDI1 | ST SPI data in.
SDA1 110 ST I2C data /0.
RC5/SDO1 46
RC5 I/0 ST Digital I/O.
SDO1 o — SPI data out.
RC6/TX1/CK1 37
RC6 I/0 ST Digital I/O.
™>1 (0] — EUSART1 asynchronous transmit.
CK1 I/0 ST EUSART1 synchronous clock (see related RX1/DT1 pin).
RC7/RX1/DT1 38
RC7 I/0 ST Digital I/O.
RX1 | ST EUSART1 asynchronous receive.
DT1 I/0 ST EUSART1 synchronous data (see related TX1/CK1 pin).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

RN

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTD is a bidirectional 1/0 port.
RDO 72 1’0 ST Digital 1/0.
RD1 69 le} ST Digital I/0.
RD2 68 I/0 ST Digital I/0.
PORTE is a bidirectional I/O port.
REO/P2D 4
REO I/0 ST Digital I/0.
P2D O — ECCP2 PWM Output D.
RE1/P2C 3
RE1 I/0 ST Digital I/0.
P2C 0o — ECCP2 PWM Output C.
RE2/P2B 78
RE2 le} ST Digital 1/0.
P2B o} — ECCP2 PWM Output B.
RE3/P3C 77
RE3 I/0 ST Digital 1/O.
P3c® o) — ECCP3 PWM Output C.
RE4/P3B 76
RE4 I/0 ST Digital 1/O.
P3B®@ o) — ECCP3 PWM Output B.
RE5/P1C 75
RE5 le} ST Digital 1/0.
P1Cc@ o) — ECCP1 PWM Output C.
RE6/P1B 74
RE6 le} ST Digital 1/0.
P1B®@ o) — ECCP1 PWM Output B.
RE7/ECCP2/P2A 73
RE7 le} ST Digital I/0.
ECCP2®) 110 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A®) o) — ECCP2 PWM Output A.
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: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

Rowb
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TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTF is a bidirectional 1/0O port.
RF1/AN6/C20UT 23
RF1 I/0 ST Digital I/O.
AN6 | Analog Analog Input 6.
c20uT (0] — Comparator 2 output.
RF2/AN7/C10UT 18
RF2 I/0 ST Digital I/O.
AN7 | Analog Analog Input 7.
C10UT (0] — Comparator 1 output.
RF3/AN8 17
RF3 I/0 ST Digital I/O.
AN8 | Analog Analog Input 8.
RF4/AN9 16
RF4 I/0 ST Digital I/O.
AN9 | Analog Analog Input 9.
RF5/AN10/CVREF 15
RF5 I/0 ST Digital I/O.
AN10 | Analog Analog Input 10.
CVREF (0] — Comparator reference voltage output.
RF6/AN11 14
RF6 I/0 ST Digital I/O.
AN | Analog Analog Input 11.
RF7/SS1 13
RF7 I/0 ST Digital I/O.
SS1 | TTL SPI slave select input.
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: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

2: Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
3: Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
4: Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

© 2011 Microchip Technology Inc.
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PIC18F9/7J60 FAMILY

TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTG is a bidirectional I/O port.
RGO/ECCP3/P3A 56
RGO I/0 ST Digital I/O.
ECCP3 I/0 ST Capture 3 input/Compare 3 output/PWM3 output.
P3A o — ECCP3 PWM Output A.
RG1/TX2/CK2 55
RG1 I/0 ST Digital I/O.
X2 o — EUSART2 asynchronous transmit.
CK2 I/0 ST EUSART2 synchronous clock (see related RX2/DT2 pin).
RG2/RX2/DT2 42
RG2 I/0 ST Digital I/O.
RX2 | ST EUSART2 asynchronous receive.
DT2 I/0 ST EUSART2 synchronous data (see related TX2/CK2 pin).
RG3/CCP4/P3D 41
RG3 I/0 ST Digital I/O.
CCP4 110 ST Capture 4 input/Compare 4 output/PWM4 output.
P3D 0} — ECCP3 PWM Output D.
RG4/CCP5/P1D 10
RG4 I/0 ST Digital I/O.
CCP5 110 ST Capture 5 input/Compare 5 output/PWM5 output.
P1D O — ECCP1 PWM Output D.
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: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Rowb

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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PIC18F9/7/J60 FAMILY

TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTH is a bidirectional 1/0 port.
RHO 79 1’0 ST Digital 1/O.
RH1 80 le} ST Digital 1/0.
RH2 1 le} ST Digital I/0.
RH3 2 1’0 ST Digital 1/0.
RH4/AN12/P3C 22
RH4 I/0 ST Digital I/0.
AN12 | Analog Analog Input 12.
p3c® o) — ECCP3 PWM Output C.
RH5/AN13/P3B 21
RH5 I/0 ST Digital I/0.
AN13 | Analog Analog Input 13.
P38 o) — ECCP3 PWM Output B.
RH6/AN14/P1C 20
RH6 I/0 ST Digital 1/0.
AN14 | Analog Analog Input 14.
P1c® o) — ECCP1 PWM Output C.
RH7/AN15/P1B 19
RH7 I/0 ST Digital 1/0.
AN15 | Analog Analog Input 15.
P1B@ o) — ECCP1 PWM Output B.
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: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

RN
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PIC18F9/7J60 FAMILY

TABLE 1-5: PIC18F86J60/86J65/87J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTJ is a bidirectional 1/0 port.
RJ4 39 I/0 ST Digital I/O.
RJ5 40 I/0 ST Digital I/0
Vss 11, 31,51, 70 P — Ground reference for logic and 1/O pins.
VDD 32,48, 71 P — Positive supply for peripheral digital logic and 1/O pins.
AVss 26 P — Ground reference for analog modules.
AVDD 25 P — Positive supply for analog modules.
ENVREG 24 | ST Enable for on-chip voltage regulator.
VDDCORE/VCAP 12 Core logic power or external filter capacitor connection.
VDDCORE P — Positive supply for microcontroller core logic
(regulator disabled).
VcAap P — External filter capacitor connection (regulator enabled).
VSSPLL 67 P — Ground reference for Ethernet PHY PLL.
VDDPLL 66 P — Positive 3.3V supply for Ethernet PHY PLL.
VSSTX 64 P — Ground reference for Ethernet PHY transmit subsystem.
VDDTX 61 P — Positive 3.3V supply for Ethernet PHY transmit subsystem.
VSSRX 57 P — Ground reference for Ethernet PHY receive subsystem.
VDDRX 60 P — Positive 3.3V supply for Ethernet PHY receive subsystem.
RBIAS 65 | Analog |Bias current for Ethernet PHY. Must be tied to Vss via a resistor;
see Section 19.0 “ Ethernet Module” for specification.
TPOUT+ 63 (0] — Ethernet differential signal output.
TPOUT- 62 (0] — Ethernet differential signal output.
TPIN+ 59 | Analog |Ethernet differential signal input.
TPIN- 58 | Analog |Ethernet differential signal input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o} = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for ECCP2/P2A when CCP2MX Configuration bit is set.

Rrowbd

Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).
Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared.
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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PIC18F9/7/J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT 1/O DESCRIPTIONS

Pin Number | pj | gyffer

Pin Name Description
TQFP Type | Type P

MCLR 13 | ST Master Clear (Reset) input. This pin is an active-low Reset to
the device.
OSC1/CLKI 63 Oscillator crystal or external clock input.
0OSC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in internal RC mode; CMOS
otherwise.
CLKI | CMOS External clock source input. Always associated with
pin function, OSC1. (See related OSC2/CLKO pin.)
0SC2/CLKO 64 Oscillator crystal or clock output.
0SscC2 (0] — Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO (0] — In Internal RC mode, OSC2 pin outputs CLKO which has 1/4

the frequency of OSC1 and denotes the instruction cycle rate.
PORTA is a bidirectional 1/O port.

RAO/LEDA/ANO 35
RAO I/0 TTL Digital I/O.
LEDA (0] — Ethernet LEDA indicator output.
ANO | Analog Analog Input 0.
RA1/LEDB/AN1 34
RA1 1/0 TTL Digital 1/0.
LEDB (0] — Ethernet LEDB indicator output.
AN1 | Analog Analog Input 1.
RA2/AN2/VREF- 33
RA2 I/0 TTL Digital I/O.
AN2 | Analog Analog Input 2.
VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 32
RA3 I/0 TTL Digital I/O.
AN3 | Analog Analog Input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 42
RA4 I/0 ST Digital I/O.
TOCKI | ST Timer0 external clock input.
RA5/AN4 41
RA5 I/0 TTL Digital I/O.
AN4 | Analog Analog Input 4.
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).
Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

akRkrwbd
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TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type Type
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO 5
RBO I/0 TTL Digital I/O.
INTO | ST External Interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP modules); enabled
in software.
RB1/INT1 6
RB1 I/0 TTL Digital I/O.
INT1 | ST External Interrupt 1.
RB2/INT2 7
RB2 1/0 TTL Digital I/O.
INT2 | ST External Interrupt 2.
RB3/INT3/ECCP2/P2A 8
RB3 I/0 TTL Digital I/O.
INT3 | ST External Interrupt 3.
Eccp2) 1/0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2AW) o) — ECCP2 PWM Output A.
RB4/KBI0O 69
RB4 I/0 TTL Digital I/O.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 68
RB5 1/0 TTL Digital I/O.
KBI1 | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 67
RB6 I/0 TTL Digital I/O.
KBI2 | TTL Interrupt-on-change pin.
PGC 1’0 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 57
RB7 I/0 TTL Digital I/O.
KBI3 | TTL Interrupt-on-change pin.
PGD 1/0 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels 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).
Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

akRkrwbd

DS39762F-page 34 © 2011 Microchip Technology Inc.



PIC18F9/7/J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

Pin Name Pin Buffer Description
TQFP Type | Type
PORTC is a bidirectional 1/0 port.
RCO/T10SO/T13CKI 44
RCO I/0 ST Digital I/O.
T10SO o — Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/ECCP2/P2A 43
RC1 I/0 ST Digital 1/0.
T10SI | CMOS Timer1 oscillator input.
ECCP2@ 110 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A@) o} — ECCP2 PWM Output A.
RC2/ECCP1/P1A 53
RC2 I/0 ST Digital 1/0.
ECCP1 110 ST Capture 1 input/Compare 1 output/PWM1 output.
P1A 0} — ECCP1 PWM Output A.
RC3/SCK1/SCL1 54
RC3 I/0 ST Digital I/O.
SCK1 I/0 ST Synchronous serial clock input/output for SPI mode.
SCL1 1’0 ST Synchronous serial clock input/output for I°C™ mode.
RC4/SDI1/SDA1 55
RC4 I/0 ST Digital I/O.
SDI1 | ST SPI data in.
SDA1 110 ST I2C data /0.
RC5/SDO1 56
RC5 I/0 ST Digital I/O.
SDO1 o} — SPI data out.
RC6/TX1/CK1 45
RC6 I/0 ST Digital I/O.
™1 (0] — EUSART1 asynchronous transmit.
CK1 1/0 ST EUSART1 synchronous clock (see related RX1/DT1 pin).
RC7/RX1/DT1 46
RC7 I/0 ST Digital I/O.
RX1 | ST EUSART1 asynchronous receive.
DT1 I/0 ST EUSART1 synchronous data (see related TX1/CK1 pin).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Extended Microcontroller mode).

akkrwbd

Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

© 2011 Microchip Technology Inc.
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PIC18F9/7J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name umbe Pin Buffer Description
TQFP Type | Type
PORTD is a bidirectional 1/0 port.
RDO/ADO/PSPO 92
RDO I/0 ST Digital /0.
ADO I/0 TTL External Memory Address/Data 0.
PSPO I/0 TTL Parallel Slave Port data.
RD1/AD1/PSP1 91
RD1 I/0 ST Digital /0.
AD1 I/0 TTL External Memory Address/Data 1.
PSP1 I/0 TTL Parallel Slave Port data.
RD2/AD2/PSP2 90
RD2 I/0 ST Digital /0.
AD2 I/0 TTL External Memory Address/Data 2.
PSP2 I/0 TTL Parallel Slave Port data.
RD3/AD3/PSP3 89
RD3 I/0 ST Digital 1/0.
AD3 I/0 TTL External Memory Address/Data 3.
PSP3 I/0 TTL Parallel Slave Port data.
RD4/AD4/PSP4/SDO2 88
RD4 I/0 ST Digital 1/0.
AD4 I/0 TTL External Memory Address/Data 4.
PSP4 I/0 TTL Parallel Slave Port data.
SDO2 o — SPI data out.
RD5/AD5/PSP5/ 87
SDI2/SDA2
RD5 I/0 ST Digital /0.
AD5 I/0 TTL External Memory Address/Data 5.
PSP5 I/0 TTL Parallel Slave Port data.
SDI2 | ST SPI data in.
SDA2 /0 ST 12C™ data I/O.
RD6/AD6/PSP6/ 84
SCK2/SCL2
RD6 I/0 ST Digital 1/0.
AD6 1/0 TTL External Memory Address/Data 6.
PSP6 I/0 TTL Parallel Slave Port data.
SCK2 110 ST Synchronous serial clock input/output for SPI mode.
SCL2 1’0 ST Synchronous serial clock input/output for ’C™ mode.
RD7/AD7/PSP7/SS2 83
RD7 I/0 ST Digital /0.
AD7 I/0 TTL External Memory Address/Data 7.
PSP7 I/0 TTL Parallel Slave Port data.
SS2 | TTL SPI slave select input.
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).

akkrwbd

Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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PIC18F9/7/J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTE is a bidirectional I/O port.
REO/AD8/RD/P2D 4
REO I/0 ST Digital /0.
AD8 I/0 TTL External Memory Address/Data 8.
RD | TTL Read control for Parallel Slave Port.
P2D o — ECCP2 PWM Output D.
RE1/AD9/WR/P2C 3
RE1 I/0 ST Digital I/0.
AD9 I/0 TTL External Memory Address/Data 9.
WR | TTL Write control for Parallel Slave Port.
P2C o — ECCP2 PWM Output C.
RE2/AD10/CS/P2B 98
RE2 I/0 ST Digital /0.
AD10 I/0 TTL External Memory Address/Data 10.
CS | TTL Chip select control for Parallel Slave Port.
P2B O — ECCP2 PWM Output B.
RE3/AD11/P3C 97
RE3 I/0 ST Digital I/0.
ADM1 I/0 TTL External Memory Address/Data 11.
P3C® o] — ECCP3 PWM Output C.
RE4/AD12/P3B 96
RE4 I/0 ST Digital I/0.
AD12 I/0 TTL External Memory Address/Data 12.
P3B®) o} — ECCP3 PWM Output B.
RE5/AD13/P1C 95
RE5 I/0 ST Digital I/0.
AD13 I/0 TTL External Memory Address/Data 13.
P1c® o) — ECCP1 PWM Output C.
RE6/AD14/P1B 94
RE6 I/0 ST Digital /0.
AD14 I/0 TTL External Memory Address/Data 14.
P1B®) o) — ECCP1 PWM Output B.
RE7/AD15/ECCP2/P2A 93
RE7 I/0 ST Digital /0.
AD15 I/0 TTL External Memory Address/Data 15.
ECCcP2@¥) I/0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A™) o) — ECCP2 PWM Output A.
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).

akkrwbd

Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

© 2011 Microchip Technology Inc.
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PIC18F9/7J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTF is a bidirectional 1/0 port.
RFO/AN5 12
RFO I/0 ST Digital I/O.
ANS | Analog Analog Input 5.
RF1/AN6/C20UT 28
RF1 I/0 ST Digital I/O.
AN6 | Analog Analog Input 6.
c20UuT (0] — Comparator 2 output.
RF2/AN7/C10UT 23
RF2 I/0 ST Digital I/O.
AN7 | Analog Analog Input 7.
c10UT (0] — Comparator 1 output.
RF3/AN8 22
RF3 I/0 ST Digital I/O.
AN8 | Analog Analog Input 8.
RF4/AN9 21
RF4 I/0 ST Digital I/O.
AN9 | Analog Analog Input 9.
RF5/AN10/CVREF 20
RF5 I/0 ST Digital I/O.
AN10 | Analog Analog Input 10.
CVREF (0] — Comparator reference voltage output.
RF6/AN11 19
RF6 I/0 ST Digital I/O.
AN | Analog Analog Input 11.
RF7/SS1 18
RF7 I/0 ST Digital I/O.
SS1 | TTL SPI slave select input.
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).

akrown

. Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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PIC18F9/7/J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTG is a bidirectional I/O port.
RGO/ECCP3/P3A 71
RGO I/0 ST Digital I/O.
ECCP3 1/0 ST Capture 3 input/Compare 3 output/PWM3 output.
P3A (0] — ECCP3 PWM Output A.
RG1/TX2/CK2 70
RG1 I/0 ST Digital I/0.
X2 (0] — EUSART2 asynchronous transmit.
CK2 I/0 ST EUSART2 synchronous clock (see related RX2/DT2 pin).
RG2/RX2/DT2 52
RG2 I/0 ST Digital I/0.
RX2 | ST EUSART2 asynchronous receive.
DT2 110 ST EUSART2 synchronous data (see related TX2/CK2 pin).
RG3/CCP4/P3D 51
RG3 I/0 ST Digital I/0.
CCP4 110 ST Capture 4 input/Compare 4 output/PWM4 output.
P3D 0} — ECCP3 PWM Output D.
RG4/CCP5/P1D 14
RG4 I/0 ST Digital I/0.
CCP5 110 ST Capture 5 input/Compare 5 output/PWM5 output.
P1D 0} — ECCP1 PWM Output D.
RG5 11 I/O ST Digital I/0.
RG6 10 I/0 ST Digital I/O.
RG7 38 I/O ST Digital I/0.
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).

akrown

Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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PIC18F9/7J60 FAMILY

TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTH is a bidirectional 1/0 port.
RHO/A16 99
RHO I/0 ST Digital 1/O.
A16 (0] — External Memory Address 16.
RH1/A17 100
RH1 I/0 ST Digital /0.
A17 (0] — External Memory Address 17.
RH2/A18 1
RH2 I/0 ST Digital /0.
A18 (0] — External Memory Address 18.
RH3/A19 2
RH3 I/0 ST Digital /0.
A19 (0] — External Memory Address 19.
RH4/AN12/P3C 27
RH4 I/0 ST Digital I/0.
AN12 | Analog Analog Input 12.
P3c®) o — ECCP3 PWM Output C.
RH5/AN13/P3B 26
RH5 I/0 ST Digital /0.
AN13 | Analog Analog Input 13.
P3B® o) — ECCP3 PWM Output B.
RH6/AN14/P1C 25
RH6 I/0 ST Digital /0.
AN14 | Analog Analog Input 14.
P1c® o) — ECCP1 PWM Output C.
RH7/AN15/P1B 24
RH7 I/0 ST Digital /0.
AN15 | Analog Analog Input 15.
P1B® o) — ECCP1 PWM Output B.
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).
Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

akkrwbd
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TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTJ is a bidirectional 1/0 port.
RJO/ALE 49
RJO I/0 ST Digital 1/0.
ALE (0] — External memory address latch enable.
RJ1/OE 50
RJ1 I/0 ST Digital 1/0.
OE (0] — External memory output enable.
RJ2/WRL 66
RJ2 I/0 ST Digital 1/0.
WRL o} — External memory write low control.
RJ3/WRH 61
RJ3 I/0 ST Digital 1/0.
WRH o} — External memory write high control.
RJ4/BAO 47
RJ4 1/0 ST Digital I/O.
BAO o — External Memory Byte Address 0 control.
RJ5/CE 48
RJS I/0 ST Digital I/0
CE o} — External memory chip enable control.
RJ6/LB 58
RJ6 I/0 ST Digital I/O.
LB o} — External memory low byte control.
RJ7/UB 39
RJ7 I/0 ST Digital I/O.
uB (0] — External memory high byte control.
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).
Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).

akrwbd
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TABLE 1-6: PIC18F96J60/96J65/97J60 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
NC 9 — — No connect.
Vss 15, 36, 40, P — Ground reference for logic and 1/O pins.
60, 65, 85
VDD 17, 37, 59, P — Positive supply for peripheral digital logic and 1/O pins.
62, 86
AVss 31 P — Ground reference for analog modules.
AVDD 30 P — Positive supply for analog modules.
ENVREG 29 | ST Enable for on-chip voltage regulator.
VDDCORE/VCAP 16 Core logic power or external filter capacitor connection.
VDDCORE P — Positive supply for microcontroller core logic
(regulator disabled).
VcAP P — External filter capacitor connection (regulator enabled).
VSSPLL 82 P — Ground reference for Ethernet PHY PLL.
VDDPLL 81 P — Positive 3.3V supply for Ethernet PHY PLL.
VsSSTX 79 P — Ground reference for Ethernet PHY transmit subsystem.
VDDTX 76 P — Positive 3.3V supply for Ethernet PHY transmit subsystem.
VSSRX 72 P — Ground reference for Ethernet PHY receive subsystem.
VDDRX 75 P — Positive 3.3V supply for Ethernet PHY receive subsystem.
RBIAS 80 | Analog |Bias current for Ethernet PHY. Must be tied to Vss via a resistor;
see Section 19.0 “ Ethernet Module” for specification.

TPOUT+ 78 0} — Ethernet differential signal output.
TPOUT- 77 o} — Ethernet differential signal output.
TPIN+ 74 | Analog |Ethernet differential signal input.
TPIN- 73 | Analog |Ethernet differential signal input.
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).

aRhrwbd

Default assignment for ECCP2/P2A for all devices in all operating modes (CCP2MX Configuration bit is set).
Default assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is set).

Alternate assignment for ECCP2/P2A when CCP2MX Configuration bit is cleared (Microcontroller mode).
Alternate assignments for P1B/P1C/P3B/P3C (ECCPMX Configuration bit is cleared).
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2.0 GUIDELINES FOR GETTING
STARTED WITH PIC18FJ
MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC18F97J60 family family of
8-bit microcontrollers requires attention to a minimal
set of device pin connections before proceeding with
development.

The following pins must always be connected:

« All VDD and Vss pins
(see Section 2.2 “Power Supply Pins”)

» All AVDD and AVSss pins, regardless of whether or
not the analog device features are used
(see Section 2.2 “Power Supply Pins”)

* MCLR pin
(see Section 2.3 “Master Clear (MCLR) Pin")

* ENVREG (if implemented) and VCAP/VVDDCORE pins
(see Section 2.4 “Voltage Regulator Pins
(ENVREG and VcAP/VDDCORE)")

These pins must also be connected if they are being
used in the end application:

* PGC/PGD pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes
(see Section 2.5 “ICSP Pins”)

* OSCI and OSCO pins when an external oscillator
source is used
(see Section 2.6 “External Oscillator Pins”)

Additionally, the following pins may be required:

» VREF+/VREF- pins are used when external voltage
reference for analog modules is implemented

Note:  The AVDD and AVSS pins must always be
connected, regardless of whether any of
the analog modules are being used.

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED
MINIMUM CONNECTIONS

c2@
VDD
3 3
> >

R1 o @

R2 JI

MCLR ENVREG |
VCAP/VDDCORE ———¢
C1 =
I PIC18FXXJIXX Jer
T Vss VDD
ce®? IC3(2)
i VDD Vss L
o [}
s 2 8 9
< < > >

Key (all values are recommendations):

C1 through C6: 0.1 uF, 20V ceramic

C7: 10 uF, 6.3V or greater, tantalum or ceramic

R1: 10 kQ

R2: 100Q to 470Q

Note 1: See Section 2.4 “Voltage Regulator Pins
(ENVREG and VcAp/VDDCORE)” for
explanation of ENVREG pin connections.

2:  The example shown is for a PIC18F device

with five VDD/VSs and AVDD/AVSS pairs.
Other devices may have more or less pairs;

adjust the number of decoupling capacitors
appropriately.

© 2011 Microchip Technology Inc.
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2.2 Power Supply Pins
221 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins, such as VDD, Vss, AVDD and
AVSs, is required.

Consider the following criteria when using decoupling
capacitors:

* Value and type of capacitor: A 0.1 uF (100 nF),
10-20V capacitor is recommended. The capacitor
should be a low-ESR device, with a resonance
frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

* Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater
than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is
experiencing high-frequency noise (upward of
tens of MHz), add a second ceramic type capaci-
tor in parallel to the above described decoupling
capacitor. The value of the second capacitor can
be in the range of 0.01 pF to 0.001 pF. Place this
second capacitor next to each primary decoupling
capacitor. In high-speed circuit designs, consider
implementing a decade pair of capacitances as
close to the power and ground pins as possible
(e.g., 0.1 uF in parallel with 0.001 pF).

* Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum, thereby reducing PCB trace
inductance.

222 TANK CAPACITORS

On boards with power traces running longer than
six inches in length, it is suggested to use a tank capac-
itor for integrated circuits, including microcontrollers, to
supply a local power source. The value of the tank
capacitor should be determined based on the trace
resistance that connects the power supply source to
the device, and the maximum current drawn by the
device in the application. In other words, select the tank
capacitor so that it meets the acceptable voltage sag at
the device. Typical values range from 4.7 uF to 47 pF.

2.3 Master Clear (MCLR) Pin

The MCLR pin provides two specific device
functions: Device Reset, and Device Programming
and Debugging. If programming and debugging are
not required in the end application, a direct
connection to VDD may be all that is required. The
addition of other components, to help increase the
application’s resistance to spurious Resets from
voltage sags, may be beneficial. A typical
configuration is shown in Figure 2-1. Other circuit
designs may be implemented, depending on the
application’s requirements.

During programming and debugging, the resistance
and capacitance that can be added to the pin must
be considered. Device programmers and debuggers
drive the MCLR pin. Consequently, specific voltage
levels (VIH and VIL) and fast signal transitions must
not be adversely affected. Therefore, specific values
of R1 and C1 will need to be adjusted based on the
application and PCB requirements. For example, it is
recommended that the capacitor, C1, be isolated
from the MCLR pin during programming and
debugging operations by using a jumper (Figure 2-2).
The jumper is replaced for normal run-time
operations.

Any components associated with the MCLR pin
should be placed within 0.25 inch (6 mm) of the pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN
CONNECTIONS
VDD
R1
R2
MCLR
JP PIC18FXXJXX

C1

I o

Note 1: R1< 10 kQ is recommended. A suggested
starting value is 10 kQ. Ensure that the
MCLR pin VIH and VIL specifications are met.

2: R2< 470Q will limit any current flowing into
MCLR from the external capacitor, C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR pin
VIH and VIL specifications are met.
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2.4 Voltage Regulator Pins (ENVREG
and VCAP/VDDCORE)

The on-chip voltage regulator enable pin, ENVREG,
must always be connected directly to either a supply
voltage or to ground. Tying ENVREG to VDD enables
the regulator, while tying it to ground disables the
regulator. Refer to Section 25.3 “On-Chip Voltage
Regulator” for details on connecting and using the
on-chip regulator.

When the regulator is enabled, a low-ESR (< 5Q)
capacitor is required on the VCAP/VDDCORE pin to
stabilize the voltage regulator output voltage. The
VCAP/VDDCORE pin must not be connected to VDD and
must use a capacitor of 10 yF connected to ground. The
type can be ceramic or tantalum. Suitable examples of
capacitors are shown in Table 2-1. Capacitors with
equivalent specifications can be used.

Designers may use Figure 2-3 to evaluate ESR
equivalence of candidate devices.

It is recommended that the trace length not exceed
0.25inch (6 mm). Refer to 28.0 “Electrical
Characteristics” for additional information.

When the regulator is disabled, the VCAP/VDDCORE pin
must be tied to a voltage supply at the VDDCORE level.
Refer to 28.0 “Electrical Characteristics” for
information on VDD and VDDCORE.

Note that the “LF” versions of some low pin count
PIC18FJ parts (e.g., the PIC18LF45J10) do not have
the ENVREG pin. These devices are provided with the
voltage regulator permanently disabled; they must
always be provided with a supply voltage on the
VDDCORE pin.

FIGURE 2-3: FREQUENCY vs. ESR
PERFORMANCE FOR
SUGGESTED Vcap
10
1
g
x 0.1
@
0.01
0.001
0.01 0.1 1 10 100 1000 10,000
Frequency (MHz)
Note: Typical data measurement at 25°C, OV DC bias.

SUITABLE CAPACITOR EQUIVALENTS

TABLE 2-1:

Make Part # Cal\;)?e\rgiltgilce Base Tolerance | Rated Voltage | Temp. Range
TDK C3216X7R1C106K 10 pF +10% 16V -55 to 125°C

TDK C3216X5R1C106K 10 yF +10% 16V -55 to 85°C
Panasonic ECJ-3YX1C106K 10 uF +10% 16V -55 to 125°C

Panasonic ECJ-4YB1C106K 10 uF +10% 16V -55 to 85°C
Murata GRM32DR71C106KA01L 10 yF +10% 16V -55 to 125°C

Murata GRM31CR61C106KC31L 10 yF +10% 16V -55 to 85°C

© 2011 Microchip Technology Inc.
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241 CONSIDERATIONS FOR CERAMIC
CAPACITORS

In recent years, large value, low-voltage, surface-mount
ceramic capacitors have become very cost effective in
sizes up to a few tens of microfarad. The low-ESR, small
physical size and other properties make ceramic
capacitors very attractive in many types of applications.

Ceramic capacitors are suitable for use with the
VDDCORE voltage regulator of this microcontroller.
However, some care is needed in selecting the capac-
itor to ensure that it maintains sufficient capacitance
over the intended operating range of the application.

Typical low-cost, 10 yF ceramic capacitors are available
in X5R, X7R and Y5V dielectric ratings (other types are
also available, but are less common). The initial toler-
ance specifications for these types of capacitors are
often specified as +10% to +20% (X5R and X7R), or
-20%/+80% (Y5V). However, the effective capacitance
that these capacitors provide in an application circuit will
also vary based on additional factors, such as the
applied DC bias voltage and the temperature. The total
in-circuit tolerance is, therefore, much wider than the
initial tolerance specification.

The X5R and X7R capacitors typically exhibit satisfac-
tory temperature stability (ex: £15% over a wide
temperature range, but consult the manufacturer's data
sheets for exact specifications). However, Y5V capaci-
tors typically have extreme temperature tolerance
specifications of +22%/-82%. Due to the extreme
temperature tolerance, a 10 yF nominal rated Y5V type
capacitor may not deliver enough total capacitance to
meet minimum VDDCORE voltage regulator stability and
transient response requirements. Therefore, Y5V
capacitors are not recommended for use with the
VDDCORE regulator if the application must operate over
a wide temperature range.

In addition to temperature tolerance, the effective
capacitance of large value ceramic capacitors can vary
substantially, based on the amount of DC voltage
applied to the capacitor. This effect can be very signifi-
cant, but is often overlooked or is not always
documented.

A typical DC bias voltage vs. capacitance graph for
X7R type and Y5V type capacitors is shown in
Figure 2-4.

FIGURE 2-4: DC BIAS VOLTAGE vs.
CAPACITANCE

CHARACTERISTICS

3
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;g Q‘\ ] 6V|Capacitor

‘\ |
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. |
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Capacitance Change (%)
§8
Y.
4

DC Bias Voltage (VDC)

When selecting a ceramic capacitor to be used with the
VDDCORE voltage regulator, it is suggested to select a
high-voltage rating, so that the operating voltage is a
small percentage of the maximum rated capacitor volt-
age. For example, choose a ceramic capacitor rated at
16V for the 2.5V VDDCORE voltage. Suggested
capacitors are shown in Table 2-1.

2.5 ICSP Pins

The PGC and PGD pins are used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes. It
is recommended to keep the trace length between the
ICSP connector and the ICSP pins on the device as
short as possible. If the ICSP connector is expected to
experience an ESD event, a series resistor is recom-
mended, with the value in the range of a few tens of
ohms, not to exceed 100Q.

Pull-up resistors, series diodes, and capacitors on the
PGC and PGD pins are not recommended as they will
interfere with the programmer/debugger communica-
tions to the device. If such discrete components are an
application requirement, they should be removed from
the circuit during programming and debugging. Alter-
natively, refer to the AC/DC characteristics and timing
requirements information in the respective device
Flash programming specification for information on
capacitive loading limits, and pin input voltage high
(ViH) and input low (VIL) requirements.

For device emulation, ensure that the “Communication
Channel Select” (i.e., PGCx/PGDx pins), programmed
into the device, matches the physical connections for
the ICSP to the Microchip debugger/emulator tool.

For more information on available Microchip
development tools connection requirements, refer to
Section 27.0 “Development Support”.
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2.6 External Oscillator Pins

Many microcontrollers have options for at least two
oscillators: a high-frequency primary oscillator and a
low-frequency  secondary oscillator (refer to
Section 3.0 “Oscillator Configurations” for details).

The oscillator circuit should be placed on the same
side of the board as the device. Place the oscillator
circuit close to the respective oscillator pins with no
more than 0.5inch (12 mm) between the circuit
components and the pins. The load capacitors should
be placed next to the oscillator itself, on the same side
of the board.

Use a grounded copper pour around the oscillator cir-
cuit to isolate it from surrounding circuits. The
grounded copper pour should be routed directly to the
MCU ground. Do not run any signal traces or power
traces inside the ground pour. Also, if using a two-sided
board, avoid any traces on the other side of the board
where the crystal is placed.

Layout suggestions are shown in Figure 2-5. In-line
packages may be handled with a single-sided layout
that completely encompasses the oscillator pins. With
fine-pitch packages, it is not always possible to com-
pletely surround the pins and components. A suitable
solution is to tie the broken guard sections to a mirrored
ground layer. In all cases, the guard trace(s) must be
returned to ground.

In planning the application’s routing and 1/O assign-
ments, ensure that adjacent port pins, and other
signals in close proximity to the oscillator, are benign
(i.e., free of high frequencies, short rise and fall times,
and other similar noise).

For additional information and design guidance on
oscillator circuits, please refer to these Microchip
Application Notes, available at the corporate web site
(www.microchip.com):

* ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”

« ANS849, “Basic PICmicro® Oscillator Design”

« AN943, “Practical PICmicro® Oscillator Analysis
and Design”

* AN949, “Making Your Oscillator Work”

2.7 Unused 1/Os

Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connect a 1 kQ
to 10 kQ resistor to Vss on unused pins and drive the
output to logic low.

FIGURE 2-5: SUGGESTED PLACEMENT
OF THE OSCILLATOR

CIRCUIT

Single-Sided and In-Line Layouts:

Copper Pour Primary Oscillator
(tied to ground) Crystal

DEVICE PINS

Prima
Oscillagr

C1
Timer1 Oscillator
Crystal
T1 Oscillator: C2

T1 Oscillator: C1

Fine-Pitch (Dual-Sided) Layouts:

Top Layer Copper Pour
(tied to ground)

Bottom Layer

Copper Pour — g -
(tied to ground) v

0SCo

Oscillator
GND & Crystal

056 / .

DEVICE PINS
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NOTES:
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3.0 OSCILLATOR
CONFIGURATIONS
3.1 Overview

Devices in the PIC18F97J60 family incorporate an
oscillator and microcontroller clock system that differs
from standard PIC18FXXJXX devices. The addition of
the Ethernet module, with its requirement for a stable
25 MHz clock source, makes it necessary to provide a
primary oscillator that can provide this frequency as
well as a range of different microcontroller clock
speeds. An overview of the oscillator structure is shown
in Figure 3-1.

Other oscillator features used in PIC18FXXJXX
enhanced microcontrollers, such as the internal RC
oscillator and clock switching, remain the same. They
are discussed later in this chapter.

FIGURE 3-1:

3.2

The PIC18F97J60 family of devices can be operated in
five different oscillator modes:

Oscillator Types

1. HS High-Speed Crystal/Resonator

2. HSPLL High-Speed Crystal/Resonator
with Software PLL Control

3. EC External Clock with Fosc/4 Output

4. ECPLL External Clock with Software PLL
Control

5. INTRC Internal 31 kHz Oscillator

3.2.1 OSCILLATOR CONTROL

The oscillator mode is selected by programming the
FOSC<2:0> Configuration bits. FOSC<1:0> bits select
the default primary oscillator modes, while FOSC2
selects when INTRC may be invoked.

The OSCCON register (Register 3-2) selects the Active
Clock mode. It is primarily used in controlling clock
switching in power-managed modes. Its use is discussed
in Section 3.7.1 “Oscillator Control Register”.

The OSCTUNE register (Register 3-1) is used to select
the system clock frequency from the primary oscillator
source by selecting combinations of prescaler/postscaler
settings and enabling the PLL. Its use is described in
Section 3.6.1 “PLL Block”.

PIC18F97J60 FAMILY CLOCK DIAGRAM

Primary Oscillator

PIC18F97J60 Family

' ) Ethernet Clock
osc2 X+ > -
1 — Sleep T 7 PLL/Prescaler/Postscaler  E=—=—== OSCTUNE<7:5>(1)
! ! |
osct [XH - oL oL Clock = FOSC<2:0>
______ > PLL - L .
| Prescaler o Postscaler | Control = OSCCON<1:0>
Lo a
. EC, HS, ECPLL, HSPLL
Secondary Oscillator
"""" Peripherals
' o ' > X .
T1080 [ i i = T10sC | 2 g
! . T10SCEN
' . Enable
T108I ' | Osci INTRC - CPU
% _______ Oscillator Source Internal Oscillator o »
1
IDLEN

WDT, PWRT, FSCM

and Two-Speed Star‘[-up=
Clock Source Option

Note 1:

See Table 3-2 for OSCTUNE register configurations and their corresponding frequencies.

for Other Modules
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3.3 Crystal Oscillator/Ceramic
Resonators (HS Modes)

In HS or HSPLL Oscillator modes, a crystal is

connected to the OSC1 and OSC2 pins to establish
oscillation. Figure 3-2 shows the pin connections.

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

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

FIGURE 3-2: CRYSTAL OSCILLATOR
OPERATION (HS OR

HSPLL CONFIGURATION)

c1® 0SC1 ,1;
I To
L . Internal
1 XTAL :é: Re® Logic
- | 0SC2 Sleep
c2® Rs® PIC18FXXJ6X

Note 1: See Table 3-1 for initial values of C1 and C2.

2: A series resistor (Rs) may be required for
crystals with a low drive specification.

3: RF varies with the oscillator mode chosen.

Note 1: Higher capacitance increases the stabil-
ity of the oscillator but also increases the
start-up time.

2: Since each crystal has its own character-
istics, the user should consult the crystal
manufacturer for appropriate values of
external components.

3: Rs may be required to avoid overdriving
crystals with low drive level specifications.

4: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3.4 External Clock Input (EC Modes)

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

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

INPUT OPERATION

(EC CONFIGURATION)

Clock from ———— | OSC1/CLKI

TABLE 3-1: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Crystal Tested:
Osc Type Freq.
C1 Cc2
HS 25 MHz 33 pF 33 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application. Refer
to the following application notes for oscillator specific
information:

» AN588, “PIC® Microcontroller Oscillator Design
Guide”

* ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC® and PIC® Devices”

» ANB849, “Basic PIC® Oscillator Design”

» AN943, “Practical PIC® Oscillator Analysis and
Design”

* AN949, “Making Your Oscillator Work”

See the notes following this table for additional
information.

Ext. System

Fosc/4 a——

PIC18FXXJ6X
OSC2/CLKO

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 3-4. In
this configuration, the OSC2 pin is left open. Current
consumption in this configuration will be somewhat
higher than EC mode, as the internal oscillator’s
feedback circuitry will be enabled (in EC mode, the
feedback circuit is disabled).

FIGURE 3-4: EXTERNAL CLOCK
INPUT OPERATION
(HS CONFIGURATION)

Clock from —— | OSC1

Ext. System PIC18FXXJ6X
(HS Mode)

Open «—— 0SC2
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3.5 Internal Oscillator Block

The PIC18F97J60 family of devices includes an internal
oscillator source (INTRC) which provides a nominal
31 kHz output. The INTRC is enabled on device
power-up and clocks the device during its configuration
cycle until it enters operating mode. INTRC is also
enabled if it is selected as the device clock source or if
any of the following are enabled:

 Fail-Safe Clock Monitor

» Watchdog Timer

» Two-Speed Start-up

These features are discussed in greater detail in
Section 25.0 “Special Features of the CPU”.

The INTRC can also be optionally configured as the
default clock source on device start-up by setting the
FOSC2 Configuration bit. This is discussed in
Section 3.7.1 “Oscillator Control Register”.

3.6 Ethernet Operation and the
Microcontroller Clock

Although devices of the PIC18F97J60 family can accept
a wide range of crystals and external oscillator inputs,
they must always have a 25 MHz clock source when

used for Ethernet applications. No provision is made for
internally generating the required Ethernet clock from a
primary oscillator source of a different frequency. A
frequency tolerance is specified, likely excluding the use
of ceramic resonators. See Section 28.0 “Electrical
Characteristics”, Table 28-6, Parameter 5, for more
details.

3.6.1 PLL BLOCK

To accommodate a range of applications and micro-
controller clock speeds, a separate PLL block is
incorporated into the clock system. It consists of three
components:

» A configurable prescaler (1:2 or 1:3)
* A 5x PLL frequency multiplier
» A configurable postscaler (1:1, 1:2, or 1:3)

The operation of the PLL block’s components is
controlled by the OSCTUNE register (Register 3-1).
The use of the PLL block’s prescaler and postscaler,
with or without the PLL itself, provides a range of
system clock frequencies to choose from, including the
unaltered 25 MHz of the primary oscillator. The full
range of possible oscillator configurations compatible
with Ethernet operation is shown in Table 3-2.

REGISTER 3-1: OSCTUNE: PLL BLOCK CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 U-0 U-0
PPST1 PLLEN® PPSTO PPRE — — — —
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 PPST1: PLL Postscaler Configuration bit
1 = Divide-by-2
0 = Divide-by-3
bit 6 PLLEN: 5x Frequency Multiplier PLL Enable bit(})

1= PLL is enabled
0 = PLL is disabled

bit 5 PPSTO: PLL Postscaler Enable bit

1 = Postscaler is enabled
0 = Postscaler is disabled

bit 4 PPRE: PLL Prescaler Configuration bit
1 = Divide-by-2
0 = Divide-by-3

bit 3-0 Unimplemented: Read as ‘0’

Note 1: Available only for ECPLL and HSPLL oscillator configurations; otherwise, this bit is unavailable and is read

as ‘0.
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TABLE 3-2: DEVICE CLOCK SPEEDS FOR VARIOUS PLL BLOCK CONFIGURATIONS
PLL Block Clock Frequenc
5x PLL PLL Prescaler PLL Postscaler Configuration (MHg) y
(OSCTUNE<7:4>)
Disabled x101 (Note 1)
+2 +2 1111 31.2500
+3 0111 20.8333
Enabled -
Disabled x100 41.6667
+3 +2 1110 20.8333
+3 0110 13.8889
Disabled® Disabled X00x 25 (Default)
5 +2 1011 6.2500
Disabled ‘ +3 0011 4.1667
4 +2 1010 4.1667
' +3 0010 27778

Legend: x =Don’t care

Note 1:

Reserved configuration; represents a clock frequency beyond the microcontroller’s operating range.

2. The prescaler is automatically disabled when the PLL and postscaler are both disabled.

3.7 Clock Sources and Oscillator
Switching

The PIC18F97J60 family of devices includes a feature
that allows the device clock source to be switched from
the main oscillator to an alternate clock source. These
devices also offer two alternate clock sources. When
an alternate clock source is enabled, the various
power-managed operating modes are available.

Essentially, there are three clock sources for these
devices:

* Primary oscillators

» Secondary oscillators

« Internal oscillator block

The primary oscillators include the External Crystal
and Resonator modes and the External Clock modes.
The particular mode is defined by the FOSC<2:0>

Configuration bits. The details of these modes are
covered earlier in this chapter.

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the controller
is placed in a power-managed mode. The PIC18F97J60
family of devices offers the Timer1 oscillator as a second-
ary oscillator. In all power-managed modes, this oscillator
is often the time base for functions such as a Real-Time
Clock (RTC).

Most often, a 32.768 kHz watch crystal is connected
between the RCO/T10SO/T13CKI and RC1/T10SI
pins. Loading capacitors are also connected from each
pin to ground. The Timer1 oscillator is discussed in
greater detail in Section 13.3 “Timer1 Oscillator”.

In addition to being a primary clock source, the internal
oscillator is available as a power-managed mode
clock source. The INTRC source is also used as the
clock source for several special features, such as the
WDT and Fail-Safe Clock Monitor.

The clock sources for the PIC18F97J60 family devices
are shown in Figure 3-1. See Section 25.0 “Special
Features of the CPU” for Configuration register details.
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3.7.1 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 3-2) controls several
aspects of the device clock’'s operation, both in
full-power operation and in power-managed modes.

The System Clock Select bits, SCS<1:0>, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC<2:0> Configura-
tion bits), the secondary clock (Timer1 oscillator) and
the internal oscillator. The clock source changes after
one or more of the bits are changed, following a brief
clock transition interval.

The OSTS (OSCCON<3>) and T1RUN (T1CON<6>)
bits indicate which clock source is currently providing
the device clock. The T1IRUN bit indicates when the
Timer1 oscillator is providing the device clock in
secondary clock modes. In power-managed modes,
only one of these bits will be set at any time. If neither
bit is set, the INTRC source is providing the clock, or
the internal oscillator has just started and is not yet
stable.

The IDLEN bit determines if the device goes into Sleep
mode or one of the Idle modes when the SLEEP
instruction is executed.

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

Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T10SCEN bit in the Timer1 Control reg-
ister (T1CON<3>). If the Timer1 oscillator
is not enabled, then any attempt to select

a secondary clock source will be ignored.

2: It is recommended that the Timer1
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the Timer1
oscillator starts.

REGISTER 3-2: OSCCON: OSCILLATOR CONTROL REGISTER
R/W-0 U-0 U-0 U-0 R-q U-0 R/W-0 R/W-0
IDLEN — — — osTs®W — SCS1 SCSO
bit 7 bit 0
Legend: g = Value determined by configuration
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

bit 6-4
bit 3

bit 2
bit 1-0

Note 1:

IDLEN: Idle Enable bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters Sleep mode on SLEEP instruction

Unimplemented: Read as ‘0’

OSTS: Oscillator Status bit™®)

1 = Device is running from oscillator source defined when SCS<1:0> = 00

0 = Device is running from oscillator source defined when SCS<1:0>=01, 10 or 11
Unimplemented: Read as ‘0’

SCS<1:0>: System Clock Select bits

11 = Internal oscillator
10 = Primary oscillator
01 = Timer1 oscillator
When FOSC2 =1;

00 = Primary oscillator
When FOSC2 = 0;

00 = Internal oscillator

Reset value is ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.
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3.7.11 System Clock Selection and the
FOSC2 Configuration Bit

The SCS bits are cleared on all forms of Reset. In the
device’s default configuration, this means the primary
oscillator, defined by FOSC<1:0> (that is, one of the
HC or EC modes), is used as the primary clock source
on device Resets.

The default clock configuration on Reset can be changed
with the FOSC2 Configuration bit. This bit affects the
clock source selection setting when SCS<1:0> = 00.
When FOSC2 =1 (default), the oscillator source
defined by FOSC<1:0> is selected whenever
SCS<1:0> =00. When FOSC2 = 0, the INTRC oscillator
is selected whenever SCS<1:0> = 00. Because the SCS
bits are cleared on Reset, the FOSC2 setting also
changes the default oscillator mode on Reset.

Regardless of the setting of FOSC2, INTRC will always
be enabled on device power-up. It will serve as the
clock source until the device has loaded its configura-
tion values from memory. It is at this point that the
FOSC Configuration bits are read and the oscillator
selection of operational mode is made.

Note that either the primary clock or the internal
oscillator will have two bit setting options, at any given
time, depending on the setting of FOSC2.

3.7.2 OSCILLATOR TRANSITIONS

PIC18F97J60 family devices contain circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs
during the clock switch. The length of this pause is the
sum of two cycles of the old clock source and three to
four cycles of the new clock source. This formula
assumes that the new clock source is stable.

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

3.8 Effects of Power-Managed Modes
on the Various Clock Sources

When PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled. The OSC1 pin (and
OSC2 pin if used by the oscillator) will stop oscillating.

In  secondary clock modes (SEC_RUN and
SEC_IDLE), the Timer1 oscillator is operating and
providing the device clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1 or Timer3.

In RC_RUN and RC_IDLE modes, the internal oscilla-
tor provides the device clock source. The 31 kHz
INTRC output can be used directly to provide the clock
and may be enabled to support various special
features, regardless of the power-managed mode (see
Section 25.2 “Watchdog Timer (WDT)” through
Section 25.5 “Fail-Safe Clock Monitor” for more
information on WDT, Fail-Safe Clock Monitor and
Two-Speed Start-up).

If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents have
been stopped, Sleep mode achieves the lowest current
consumption of the device (only leakage currents).

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timer1 oscillator may be operating to support a
Real-Time Clock. Other features may be operating that
do not require a device clock source (i.e., MSSP slave,
PSP, INTx pins and others). Peripherals that may add
significant current consumption are listed in
Section 28.2 “DC Characteristics: Power-Down and
Supply Current PIC18F97J60 Family (Industrial)”

3.9 Power-up Delays

Power-up delays are controlled by two timers, so that
no external Reset circuitry is required for most applica-
tions. The delays ensure that the device is kept in
Reset until the device power supply is stable under nor-
mal circumstances, and the primary clock is operating
and stable. For additional information on power-up
delays, see Section 5.6 “Power-up Timer (PWRT)”".

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (Parameter 33,
Table 28-12); it is always enabled.

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (HS modes). The OST does
this by counting 1024 oscillator cycles before allowing
the oscillator to clock the device.

There is a delay of interval, Tcsb (Parameter 38,
Table 28-12), following POR, while the controller
becomes ready to execute instructions.

TABLE 3-3: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
Oscillator Mode OSC1 Pin OSC2 Pin
EC, ECPLL Floating, pulled by external clock At logic low (clock/4 output)
HS, HSPLL Feedback inverter is disabled at quiescent Feedback inverter is disabled at quiescent
voltage level voltage level

Note:  See Table 5-2 in Section 5.0 “Reset” for time-outs due to Sleep and MCLR Reset.
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40 POWER-MANAGED MODES

The PIC18F97J60 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® MCU
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 MCU
devices, where all device clocks are stopped.

4.1 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
SCS<1:0> bits (OSCCON<1:0>) select the clock
source. The individual modes, bit settings, clock sources
and affected modules are summarized in Table 4-1.

411 CLOCK SOURCES

The SCS<1:0> bits allow the selection of one of three
clock sources for power-managed modes. They are:

» The primary clock, as defined by the FOSC<2:0>
Configuration bits

» The secondary clock (Timer1 oscillator)
* The internal oscillator

41.2 ENTERING POWER-MANAGED

MODES

Switching from one power-managed mode to another
begins by loading the OSCCON register. The
SCS<1:0> 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 4.1.3 “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 4-1: POWER-MANAGED MODES
OSCCON<7,1:0> Module Clocking
Mode Available Clock and Oscillator Source
IDLEN® SCS<1:0> CPU |Peripherals
Sleep 0 N/A Off Off None — All clocks are disabled
PRI_RUN N/A 10 Clocked| Clocked |Primary—HS, EC, HSPLL, ECPLL;
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 |Internal Oscillator
PRI_IDLE 1 10 Off Clocked |Primary — HS, EC, HSPLL, ECPLL
SEC_IDLE 1 01 Off Clocked |Secondary — Timer1 Oscillator
RC_IDLE 1 11 Off Clocked |Internal Oscillator
Note 1: IDLEN reflects its value when the SLEEP instruction is executed.
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413 CLOCK TRANSITIONS AND STATUS
INDICATORS

The length of the transition between clock sources is
the sum of two cycles of the old clock source and three
to four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Two bits indicate the current clock source and its
status: OSTS (OSCCON<3>) and T1RUN
(T1CON<6>). In general, only one of these bits will be
set while in a given power-managed mode. When the
OSTS bit is set, the primary clock is providing the
device clock. When the T1RUN bit is set, the Timer1
oscillator is providing the clock. If neither of these bits
is set, INTRC is clocking the device.

Note:  Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode. It acts as the trigger to place the
controller into either the Sleep mode, or
one of the Idle modes, depending on the

setting of the IDLEN bit.

414 MULTIPLE SLEEP COMMANDS

The power-managed mode that is invoked with the
SLEEP instruction is determined by the setting of the
IDLEN bit at the time the instruction is executed. If
another SLEEP instruction is executed, the device will
enter the power-managed mode specified by IDLEN at
that time. If IDLEN has changed, the device will enter the
new power-managed mode specified by the new setting.

4.2 Run Modes

In the Run modes, clocks to both the core and
peripherals are active. The difference between these
modes is the clock source.

421 PRI_RUN MODE

The PRI_RUN mode is the normal, full-power execu-
tion mode of the microcontroller. This is also the default
mode upon a device Reset unless Two-Speed Start-up
is enabled (see Section 25.4 “Two-Speed Start-up”
for details). In this mode, the OSTS bit is set. (see
Section 3.7.1 “Oscillator Control Register”).

422 SEC_RUN MODE

The SEC_RUN mode is the compatible mode to the
“clock switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the Timer1 oscillator. This gives users the
option of lower power consumption while still using a
high accuracy clock source.

SEC_RUN mode is entered by setting the SCS<1:0>
bits to ‘01’. The device clock source is switched to the
Timer1 oscillator (see Figure 4-1), the primary
oscillator is shut down, the T1RUN bit (T1CON<6>) is
set and the OSTS bit is cleared.

Note:  The Timer1 oscillator should already be
running prior to entering SEC_RUN
mode. If the TIOSCEN bit is not set when
the SCS<1:0> bits are set to ‘01’, entry to
SEC_RUN mode will not occur. If the
Timer1 oscillator is enabled, but not yet
running, device clocks will be delayed until
the oscillator has started. In such
situations, initial oscillator operation is far
from stable and unpredictable operation
may result.

On transitions from SEC_RUN mode to PRI_RUN, the
peripherals and CPU continue to be clocked from the
Timer1 oscillator while the primary clock is started.
When the primary clock becomes ready, a clock switch
back to the primary clock occurs (see Figure 4-2).
When the clock switch is complete, the T1IRUN bit is
cleared, the OSTS bit is set and the primary clock is
providing the clock. The IDLEN and SCS bits are not
affected by the wake-up; the Timer1 oscillator
continues to run.
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FIGURE 4-1:

TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
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FIGURE 4-2:

TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)
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4.2.3 RC_RUN MODE On transitions from RC_RUN mode to PRI_RUN mode,

. the device continues to be clocked from the INTRC
In RC_RUN mode, the CPU and peripherals are while the primary clock is started. When the primary
clock becomes ready, a clock switch to the primary
clock occurs (see Figure 4-4). 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 source will

continue to run if either the WDT or Fail-Safe Clock
This mode is entered by setting SCS<1:0> to ‘11’ Monitor is enabled.

When the clock source is switched to the INTRC (see
Figure 4-3), the primary oscillator is shut down and the
OSTS bit is cleared.

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.

FIGURE 4-3: TRANSITION TIMING TO RC_RUN MODE
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FIGURE 4-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
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4.3

The power-managed Sleep mode is identical to the
legacy Sleep mode offered in all other PIC MCU
devices. It is entered by clearing the IDLEN bit (the
default state on device Reset) and executing the
SLEEP instruction. This shuts down the selected
oscillator (Figure 4-5). All clock source status bits are
cleared.

Sleep Mode

Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the INTRC source will continue to
operate. If the Timer1 oscillator is enabled, it will also
continue to run.

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS<1:0> bits
becomes ready (see Figure 4-6), or it will be clocked
from the internal oscillator if either the Two-Speed
Start-up or the Fail-Safe Clock Monitor is enabled (see
Section 25.0 “Special Features of the CPU”). In
either case, the OSTS bit is set when the primary clock
is providing the device clocks. The IDLEN and SCS bits
are not affected by the wake-up.

4.4 Idle Modes

The Idle modes allow the controller's CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.

If the IDLEN bit is set to ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS<1:0> bits; however, the
CPU will not be clocked. The clock source status bits are
not affected. Setting IDLEN and executing a SLEEP
instruction provides a quick method of switching from a
given Run mode to its corresponding Idle mode.

If the WDT is selected, the INTRC source will continue
to operate. If the Timer1 oscillator is enabled, it will also
continue to run.

Since the CPU is not executing instructions, the only exits
from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of TcsbD
(Parameter 38, Table 28-12) while it becomes ready to
execute code. When the CPU begins executing code, it
resumes with the same clock source for the current Idle
mode. For example, when waking from RC_IDLE mode,
the internal oscillator block will clock the CPU and periph-
erals (in other words, RC_RUN mode). The IDLEN and
SCS bits are not affected by the wake-up.

While in any Idle mode or Sleep mode, a WDT time-out
will resultin a WDT wake-up to the Run mode currently
specified by the SCS<1:0> bits.

FIGURE 4-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE
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FIGURE 4-6: TRANSITION TIMING FOR WAKE FROM SLEEP MODE (HSPLL)
; F oY PR ~02'Q3.04'Q1:Q02:Q3.Q4:Q1'Q2:Q3.Q4:Q1.Q2;Q3’ Q4'
osct Nl enan s
PLL Clock E‘_TOST(D_' Jeu, SN AR —_
Output | . A A A A A A A A AT A A A AT A A A
CPUCIock | AVl RN AN eV NN AN AN AW Al Al abalie
Peripheral | X AV SN SN S
Gl ' /_\_/_\_/_\_/—\_/—\_/_\_/_\_/—\J_\_/—\_/_\_/_\_/—\_/—\_/_\_/—\_F
Pcrgﬂﬁaté”r : PC )4 PC+2 X PC+4  X___PC+6 X _
. ; .
Wake*Event OSTS bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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4.4.1 PRI_IDLE MODE

This mode is unique among the three low-power Idle
modes in that it does not disable the primary device
clock. For timing-sensitive applications, this allows for
the fastest resumption of device operation with its more
accurate primary clock source, since the clock source
does not have to “warm up” or transition from another
oscillator.

PRI_IDLE mode is entered from PRI_RUN mode by
setting the IDLEN bit and executing a SLEEP instruc-
tion. If the device is in another Run mode, set IDLEN
first, then set the SCS<1:0> bits to ‘10’ and execute
SLEEP. Although the CPU is disabled, the peripherals
continue to be clocked from the primary clock source
specified by the FOSC<1:0> Configuration bits. The
OSTS bit remains set (see Figure 4-7).

When a wake event occurs, the CPU is clocked from the
primary clock source. A delay of interval, TcsD, is
required between the wake event and when code
execution starts. This is required to allow the CPU to
become ready to execute instructions. After the
wake-up, the OSTS bit remains set. The IDLEN and
SCS bits are not affected by the wake-up (see
Figure 4-8).

FIGURE 4-7:

TRANSITION TIMING FOR ENTRY TO IDLE MODE

4.4.2 SEC_IDLE MODE

In SEC_IDLE mode, the CPU is disabled but the
peripherals continue to be clocked from the Timer1
oscillator. This mode is entered from SEC_RUN by set-
ting the IDLEN bit and executing a SLEEP instruction. If
the device is in another Run mode, set IDLEN first, then
set SCS<1:0> to ‘01’ and execute SLEEP. When the
clock source is switched to the Timer1 oscillator, the
primary oscillator is shut down, the OSTS bit is cleared
and the T1RUN bit is set.

When a wake event occurs, the peripherals continue to
be clocked from the Timer1 oscillator. After an interval
of Tcsp, following the wake event, the CPU begins exe-
cuting code being clocked by the Timer1 oscillator. The
IDLEN and SCS bits are not affected by the wake-up;
the Timer1 oscillator continues to run (see Figure 4-8).

Note:  The Timer1 oscillator should already be
running prior to entering SEC_IDLE mode.
If the TIOSCEN bit is not set when the
SLEEP instruction is executed, the SLEEP
instruction will be ignored and entry to
SEC_IDLE mode will not occur. If the
Timer1 oscillator is enabled, but not yet
running, peripheral clocks will be delayed
until the oscillator has started. In such
situations, initial oscillator operation is far
from stable and unpredictable operation
may result.
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FIGURE 4-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE
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443 RC_IDLE MODE

In RC_IDLE mode, the CPU is disabled but the periph-
erals continue to be clocked from the internal oscillator.
This mode allows for controllable power conservation
during ldle periods.

From RC_RUN mode, RC_IDLE 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 INTRC, 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 INTRC. After a delay of Tcsb
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.

4.5 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 4.2 “Run Modes”,
Section 4.3 “Sleep Mode” and Section 4.4 “Idle
Modes").

4.5.1 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 10.0 “Interrupts”).

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

452 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 Section4.2 “Run
Modes” and Section 4.3 “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 WDT timer and postscaler are cleared by one of
the following events:

« Executing a SLEEP or CLRVDT instruction

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

453 EXIT BY RESET

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

454 EXIT WITHOUT AN OSCILLATOR
START-UP TIMER 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

» 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 the Sleep and Idle modes
to allow the CPU to prepare for execution. Instruction
execution resumes on the first clock cycle following this
delay.

© 2011 Microchip Technology Inc.
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NOTES:
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5.0 RESET

The PIC18F97J60 family of devices differentiates
between various kinds of Reset:

a) MCLR Reset during normal operation

b) MCLR Reset during power-managed modes
c) Power-on Reset (POR)

d) Brown-out Reset (BOR)

e) Configuration Mismatch (CM)

f)  RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset
i)  Watchdog Timer (WDT) Reset during execution

This section discusses Resets generated by hard
events (MCLR), power events (POR and BOR) and
Configuration Mismatches (CM). It also covers the
operation of the various start-up timers. Stack Reset
events are covered in Section 6.1.6.4 “ Stack Full and
Underflow Resets”. WDT Resets are covered in
Section 25.2 “Watchdog Timer (WDT)”".

FIGURE 5-1:

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 5-1.

5.1 RCON Register

Device Reset events are tracked through the RCON
register (Register 5-1). The lower six bits of the register
indicate that a specific Reset event has occurred. In
most cases, these bits can only be set by the event and
must be cleared by the application after the event. The
state of these flag bits, taken together, can be read to
indicate the type of Reset that just occurred. This is
described in more detail in Section 5.7 “Reset State
of Registers”.

The RCON register also has a control bit for setting
interrupt priority (IPEN). Interrupt priority is discussed
in Section 10.0 “Interrupts”.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET Instruction

Configuration Word Mismatch

Stack Stack Full/Underflow Reset

Pointer

External Reset
7

()_IDLE
Sleep

MCLR

WDT
Time-out

_ VoD Rise| POR Pulse

Detect
VDD
BrOWh-Ol)Jt

Reset

| 32 us PWRT 66 ms |

Chip_Reset

R QF—

| | INTRC > 11-Bit Ripple Counter | I

Note 1: The ENVREG pin must be tied high to enable Brown-out Reset. The Brown-out Reset is provided by the on-chip
voltage regulator when there is insufficient source voltage to maintain regulation.
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REGISTER 5-1: RCON: RESET CONTROL REGISTER

R/W-0 U-0 R/W-1 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — CM RI TO PD POR BOR
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’ = Bitis cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6 Unimplemented: Read as ‘0’
bit 5 CM: Configuration Mismatch Flag bit
1 = A Configuration Mismatch Reset has not occurred
0 = A Configuration Mismatch Reset has occurred (must be set in software after a Configuration
Mismatch Reset occurs)
bit 4 RI: RESET Instruction Flag bit
1 = The RESET instruction was not executed (set by firmware only)
0 = The RESET instruction was executed causing a device Reset (must be set in software after a
Brown-out Reset occurs)
bit 3 TO: Watchdog Timer Time-out Flag bit
1 = Set by power-up, CLRWDT instruction or SLEEP instruction
0 = AWDT time-out occurred
bit 2 PD: Power-Down Detection Flag bit

1 = Set by power-up or by the CLRWDT instruction
0 = Set by execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status bit

1 = A Power-on Reset has not occurred (set by firmware only)
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred (set by firmware only)
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Note 1: Itis recommended that the POR bit be set after a Power-on Reset has been detected so that subsequent
Power-on Resets may be detected.

2: If the on-chip voltage regulator is disabled, BOR remains ‘0’ at all times. See Section 5.4.1 “Detecting
BOR” for more information.

3: Brown-out Reset is said to have occurred when BOR is ‘0’ and POR is ‘1’ (assuming that POR was set to
‘1’ by software immediately after a Power-on Reset).
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5.2 Master Clear (MCLR)

The MCLR pin provides a method for triggering a hard
external Reset of the device. A Reset is generated by
holding the pin low. PIC18 extended microcontroller
devices have a noise filter in the MCLR Reset path
which detects and ignores small pulses.

The MCLR pin is not driven low by any internal Resets,
including the WDT.

5.3 Power-on Reset (POR)

A Power-on Reset condition is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VDD is adequate for operation.

To take advantage of the POR circuitry, tie the MCLR
pin through a resistor (1 kQ to 10 kQ) to VDD. This will
eliminate external RC components usually needed to
create a Power-on Reset delay. A minimum rise rate for
VDD is specified (Parameter D004). For a slow rise
time, see Figure 5-2.

When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters
(voltage, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

POR events are captured by the POR bit (RCON<1>).
The state of the bit is set to ‘0’ whenever a Power-on
Reset occurs; it does not change for any other Reset
event. POR is not reset to ‘1’ by any hardware event.
To capture multiple events, the user manually resets
the bit to ‘1’ in software following any Power-on Reset.

54 Brown-out Reset (BOR)

The PIC18F97J60 family of devices incorporates a
simple BOR function when the internal regulator is
enabled (ENVREG pin is tied to VDD). Any drop of VDD
below VBOR (Parameter D005), for greater than time,
TBOR (Parameter 35), will reset the device. A Reset
may or may not occur if VDD falls below VBOR for less
than TBOR. The chip will remain in Brown-out Reset
until VDD rises above VBOR.

Once a BOR has occurred, the Power-up Timer wi