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MICROCHIP

PIC24FJ256GA110 FAMILY

64/80/100-Pin, 16-Bit General Purpose
Flash Microcontrollers with Peripheral Pin Select

Power Management:

On-Chip 2.5V Voltage Regulator

Switch between Clock Sources in Real Time

Idle, Sleep and Doze modes with Fast Wake-up and
Two-Speed Start-up

Run mode: 1 mA/MIPS, 2.0V Typical

Standby Current with 32 kHz Oscillator: 2.6 pA,
2.0V Typical

High-Performance CPU:

Modified Harvard Architecture

Up to 16 MIPS Operation at 32 MHz

8 MHz Internal Oscillator

17-Bit x 17-Bit Single-Cycle Hardware Multiplier
32-Bit by 16-Bit Hardware Divider

16 x 16-Bit Working Register Array

C Compiler Optimized Instruction Set Architecture with
Flexible Addressing modes

Linear Program Memory Addressing, Up to 12 Mbytes
Linear Data Memory Addressing, Up to 64 Kbytes
Two Address Generation Units for Separate Read and
Write Addressing of Data Memory

Analog Features:

10-Bit, Up to 16-Channel Analog-to-Digital (A/D)
Converter at 500 ksps:

- Conversions available in Sleep mode

Three Analog Comparators with Programmable Input/
Output Configuration

Charge Time Measurement Unit (CTMU)

Peripheral Features:

Peripheral Pin Select:

Allows independent I/O mapping of many
peripherals at run time

Continuous hardware integrity checking and safety
interlocks prevent unintentional configuration
changes

Up to 46 available pins (100-pin devices)
Three 3-Wire/4-Wire SPI modules (supports

4 Frame modes) with 8-Level FIFO Buffer

Three I2C™ modules support Multi-Master/Slave modes
and 7-Bit/10-Bit Addressing

Four UART modules:

Supports RS-485, RS-232, LIN/J6202 protocols
and IrDA®

On-chip hardware encoder/decoder for IrDA
Auto-wake-up and Auto-Baud Detect (ABD)
4-level deep FIFO buffer

Five 16-Bit Timers/Counters with Programmable
Prescaler

Nine 16-Bit Capture Inputs, each with a
Dedicated Time Base

Nine 16-Bit Compare/PWM Outputs, each with a
Dedicated Time Base

8-Bit Parallel Master Port (PMP/PSP):

- Up to 16 address pins

- Programmable polarity on control lines
Hardware Real-Time Clock/Calendar (RTCC):

- Provides clock, calendar and alarm functions
Programmable Cyclic Redundancy Check (CRC)
Generator

Up to 5 External Interrupt Sources

—_ Remappable Peripherals
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128GA106 64 128K 16K 31 5 9 9 4 3 3 16 3 Y Y Y
192GA106 64 192K 16K 31 5 9 9 4 3 3 16 3 Y Y Y
256GA106 64 256K 16K 31 5 9 9 4 3 3 16 3 Y Y Y
128GA108 80 128K 16K 42 5 9 9 4 3 3 16 3 Y Y Y
192GA108 80 192K 16K 42 5 9 9 4 3 3 16 3 Y Y Y
256GA108 80 256K 16K 42 5 9 9 4 3 3 16 3 Y Y Y
128GA110 100 128K 16K 46 5 9 9 4 3 3 16 3 Y Y Y
192GA110 100 192K 16K 46 5 9 9 4 3 3 16 3 Y Y Y
256GA110 100 256K 16K 46 5 9 9 4 3 3 16 3 Y Y Y
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PIC24FJ256GA110 FAMILY

Special Microcontroller Features:

» Operating Voltage Range of 2.0V to 3.6V
« Self-Reprogrammable under Software Control
» 5.5V Tolerant Input (digital pins only)
» Configurable Open-Drain Outputs on Digital I/O
* High-Current Sink/Source (18 mA/18 mA) on all I/O
» Selectable Power Management modes:
- Sleep, Idle and Doze modes with fast wake-up
« Fail-Safe Clock Monitor Operation:
- Detects clock failure and switches to on-chip,
low-power RC oscillator
* On-Chip LDO Regulator

Power-on Reset (POR), Power-up Timer (PWRT),

Low-Voltage Detect (LVD) and Oscillator Start-up Timer

(OST)

Flexible Watchdog Timer (WDT) with On-Chip

Low-Power RC Oscillator for Reliable Operation

In-Circuit Serial Programming™ (ICSP™) and

In-Circuit Debug (ICD) via 2 Pins

» JTAG Boundary Scan and Programming Support

* Brown-out Reset (BOR)

* Flash Program Memory:

- 10,000 erase/write cycle endurance (minimum)

- 20-year data retention minimum

- Selectable write protection boundary

- Write protection option for Flash Configuration
Words

Pin Diagram (64-Pin TQFP)
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48 [ SOSCO/C3INC/
PMDS5/CN63/RES [ 1 RPI37/CNO/T1CK/RC14
PMD6/SCL3/CNB4/RES [ | 2 47 SOSCI/C3IND/CN1/RC13
PMD7/SDA3/CNG5/RE7 3 46 | ] RP11/CN49/RDO
PMA5/RP21/C1IND/CN8/RG6 4 45 [ ] RP12/PMCS1/CN56/RD11
RP26/PMA4/C1INC/CNY/RGT 5 44 [ ] RP3/PMCS2/CN55/RD10
PMA3/RP19/C2IND/CN10/RG8 6 43 RP4/CN54/RD9
MCLR[ ] 7 42 [] RP2/RTCC/CN53/RD8
RP27/PMA2/C2INC/CN11/RG9 8 41 Vss
vss[ ]9 PIC24F JXXXGA106 40 [_] OSC2/CLKO/CN22/RC15
VDD 10 39 OSC1/CLKIN/CN23/RC12
PGEC3/RP18/C1INA/CN7/AN5/RB5 | 11 38 VoD
PGED3/RP28/C1INB/AN4/CN6/RB4 | 12 37 SCL1/CN83/RG2
C2INA/AN3/CN5/RB3 [ 13 36 ] SDA1/CN84/RG3
RP13/C2INB/AN2/CN4/RB2 14 35 RPI45/SCK1/INTO/CN72/RF6
PGEC1/RP1/VREF-/AN1/CN3/RB1 [_| 15 34 RP30/CN70/RF2
PGED1/RP0/PMAG/VREF+/ANO/CN2/RBO 16 33 RP16/CN71/RF3

Avoo |19

Avss |20

Vss 125

Vop 26
TCK/PMA11/AN12/CTED2/CN30/RB12 |27

PGEC2/AN6/RP6/CN24/RB6 [__|17
PGED2/RP7/AN7/CN25/RB7 [__|18
RP8/ANS/CN26/RB8 [ 21
PMA7/RP9/ANO/CN27/RBY [ |22
TMS/PMA13/AN10/CVREF/CN28/RB10 [ 23
TDO/PMA12/ANT1/CN29/RB11 [ |24
TDI/PMA10/AN13/CTED1/CN31/RB13 [_|28
RP14/CTPLS/PMA1/AN14/CN32/RB14 |29
RP29/PMAO/AN15/REFO/CN12/RB15 |30
PMA9/RP10/SDA2/CN17/RF4 [_|31
PMA8/RP17/SCL2/CN18/RF5 |32

Legend: RPn represents remappable pins for Peripheral Pin Select feature.
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Pin Diagram (80-Pin TQFP)
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RPI40/CN47/RC3[ ] 5 56 [ ] RP3/PMCS2/CN55/RD10
PMA5/RP21/C1IND/CN8/RG6[ | 55 [ ] RP4/CN54/RD9
RP26/PMA4/C1INC/CN9/RG7 7 54 [ ] RP2/RTCC/CN53/RD8
PMA3/RP19/C2IND/CN10/RG8 8 53 || RPI35/SDA2/CN44/RA15
MCLR 9 52 RPI36/SCL2/CN43/RA14
RP27/PMA2/C2INC/CN11/RGI [ 10 51 [ ] Vss
Vss[_| 11 PIC24FJXXXGA108 50 [] OSC2/CLKO/CN22/RC15
VO[] 12 49 [ OSC1/CLKIN/CN23/RC12
TMS/RPI33/CN66/RES 13 48 ] Vop
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PGED3/RP28/C1INB/AN4/CN6/RB4[_| 16 45 [ ] RPI45/INTO/CN72/RF6
C2INA/AN3/CN5/RB3 17 44 ] CN73/RPI44/RF7
RP13/C2INB/AN2/CN4/RB2 18 43 [ ] RP15/CN74/RF8
PGEC1/RP1/AN1/CN3/RB1 19 42 [ RP30/CN70/RF2
PGED1/RPO/ANO/CN2/RBO 20 41 ] RP16/CN71/RF3
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Legend: RPn represents remappable pins for Peripheral Pin Select feature.
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Pin Diagram (100-Pin TQFP)
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MCLR [ 13 PIC24FJXXXGA110 63 [__] OSC1/CLKI/CN23/RC12
RP27/PMA2/C2INC/CN11/RG9 [ 14 62 VDD
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Legend: RPn represents remappable pins for Peripheral Pin Select feature.
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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.
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1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:
* PIC24FJ128GA106
* PIC24FJ192GA106
* PIC24FJ256GA106
* PIC24FJ128GA108
* PIC24FJ192GA108
* PIC24FJ256GA108

+ PIC24FJ128GA110
» PIC24FJ192GA110
+ PIC24FJ256GA110

This family expands on the existing line of Microchip‘s
16-bit general purpose microcontrollers, combining
enhanced computational performance with an
expanded and highly configurable peripheral feature
set. The PIC24FJ256GA110 family provides a new
platform for high-performance applications which have
outgrown their 8-bit platforms, but don’t require the
power of a digital signal processor.

1.1 Core Features

1.1.1 16-BIT ARCHITECTURE

Central to all PIC24F devices is the 16-bit modified
Harvard architecture, first introduced with Microchip’s
dsPIC® digital signal controllers. The PIC24F CPU core
offers a wide range of enhancements, such as:

» 16-bit data and 24-bit address paths with the
ability to move information between data and
memory spaces

* Linear addressing of up to 12 Mbytes (program
space) and 64 Kbytes (data)

* A 16-element working register array with built-in
software stack support

* A 17 x 17 hardware multiplier with support for
integer math

» Hardware support for 32 by 16-bit division

» An instruction set that supports multiple
addressing modes and is optimized for high-level
languages such as ‘C’

» Operational performance up to 16 MIPS

1.1.2 POWER-SAVING TECHNOLOGY

All of the devices in the PIC24FJ256GA110 family
incorporate a range of features that can significantly
reduce power consumption during operation. Key
items include:

* On-the-Fly Clock Switching: The device clock
can be changed under software control to the
Timer1 source or the internal, low-power RC
oscillator during operation, allowing the user to
incorporate power-saving ideas into their software
designs.

* Doze Mode Operation: When timing-sensitive
applications, such as serial communications,
require the uninterrupted operation of peripherals,
the CPU clock speed can be selectively reduced,
allowing incremental power savings without
missing a beat.

* Instruction-Based Power-Saving Modes: The
microcontroller can suspend all operations, or
selectively shut down its core while leaving its
peripherals active, with a single instruction in
software.

1.1.3 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC24FJ256GA110 family offer
five different oscillator options, allowing users a range
of choices in developing application hardware. These
include:

» Two Crystal modes using crystals or ceramic
resonators.

» Two External Clock modes offering the option of a
divide-by-2 clock output.

» A Fast Internal Oscillator (FRC) with a nominal
8 MHz output, which can also be divided under
software control to provide clock speeds as low as
31 kHz.

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

» A separate internal RC oscillator (LPRC) with a
fixed 31 kHz output, which provides a low-power
option for timing-insensitive applications.

The internal oscillator block also provides a stable
reference source for the Fail-Safe Clock Monitor. This
option constantly monitors the main clock source
against a reference signal provided by the internal
oscillator and enables the controller to switch to the
internal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

1.1.4 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. The
consistent pinout scheme used throughout the entire
family also aids in migrating from one device to the next
larger, or even in jumping from 64-pin to 100-pin
devices.

The PIC24F family is pin-compatible with devices in the
dsPIC33 and PIC32 families, and shares some com-
patibility with the pinout schema for PIC18 and
dsPIC30. This extends the ability of applications to
grow from the relatively simple, to the powerful and
complex, yet still selecting a Microchip device.

© 2008 Microchip Technology Inc.
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1.2 Other Special Features

* Peripheral Pin Select: The Peripheral Pin Select
feature allows most digital peripherals to be
mapped over a fixed set of digital I/O pins. Users
may independently map the input and/or output of
any one of the many digital peripherals to any one
of the I/O pins.

Communications: The PIC24FJ256GA110 family
incorporates a range of serial communication
peripherals to handle a range of application
requirements. There are three independent 1’c
modules that support both Master and Slave
modes of operation. Devices also have, through
the Peripheral Pin Select feature, four independent
UARTSs with built-in IrDA encoder/decoders and
three SPI modules.

Analog Features: All members of the
PIC24FJ256GA110 family include a 10-bit A/D
Converter module and a triple comparator
module. The A/D module incorporates program-
mable acquisition time, allowing for a channel to
be selected and a conversion to be initiated with-
out waiting for a sampling period, as well as faster
sampling speeds. The comparator module
includes three analog comparators that are
configurable for a wide range of operations.
CTMU Interface: In addition to their other analog
features, members of the PIC24FJ256GA110
family include the brand new CTMU interface
module. This provides a convenient method for
precision time measurement and pulse genera-
tion, and can serve as an interface for capacitive
Sensors.

Parallel Master Port: One of the general purpose
1/O ports can be reconfigured for enhanced
parallel data communications. In this mode, the
port can be configured for both master and slave
operations, and supports 8-bit transfers with up to
16 external address lines in Master modes.

Real-Time Clock/Calendar: This module
implements a full-featured clock and calendar with
alarm functions in hardware, freeing up timer
resources and program memory space for use of
the core application.

1.3 Details on Individual Family
Members

Devices in the PIC24FJ256GA110 family are available
in 64-pin, 80-pin and 100-pin packages. The general
block diagram for all devices is shown in Figure 1-1.

The devices are differentiated from each other in four
ways:

1. Flash program memory (128 Kbytes for
PIC24FJ128GA1 devices, 192 Kbytes for
PIC24FJ192GA1 devices and 256 Kbytes for
PIC24FJ256GA1 devices).

2. Available I/0O pins and ports (53 pins on 6 ports
for 64-pin devices, 69 pins on 7 ports for 80-pin
devices, and 85 pins on 7 ports for 100-pin
devices).

3. Available Interrupt-on-Change Notification (ICN)
inputs (same as the number of available 1/O pins
for all devices).

4. Available remappable pins (31 pins on 64-pin
devices, 42 pins on 80-pin devices, and 46 pins
on 100-pin devices)

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

A list of the pin features available on the
PIC24FJ256GA110 family devices, sorted by function,
is shown in Table 1-4. Note that this table shows the pin
location of individual peripheral features and not how
they are multiplexed on the same pin. This information
is provided in the pinout diagrams in the beginning of
the data sheet. Multiplexed features are sorted by the
priority given to a feature, with the highest priority
peripheral being listed first.

DS39905B-page 8
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TABLE 1-1: DEVICE FEATURES FOR THE PIC24FJ256GA110 FAMILY: 64-PIN DEVICES
Features 128GA106 |  192GA106 |  256GA106

Operating Frequency DC - 32 MHz

Program Memory (bytes) 128K 192K 256K

Program Memory (instructions) 44,032 67,072 87,552

Data Memory (bytes) 16,384

Interrupt Sources (soft vectors/NMI traps) 66 (62/4)

1/0 Ports PortsB,C,D,E, F, G

Total I/O Pins 53

Remappable Pins

31 (29 1/O, 2 input only)

Timers:
Total Number (16-bit)

5(1)

32-Bit (from paired 16-bit timers) 2
Input Capture Channels 9l
Output Compare/PWM Channels o)
Input Change Notification Interrupt 53
Serial Communications:

UART 40

SPI (3-wire/4-wire) 3

12C™ 3
Parallel Communications (PMP/PSP) Yes
JTAG Boundary Scan/Programming Yes
10-Bit Analog-to-Digital Module 16
(input channels)

Analog Comparators 3
CTMU Interface Yes

Resets (and delays)

POR, BOR, RESET Instruction, MCLR, WDT; lllegal Opcode,
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch
(PWRT, OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

64-Pin TQFP

Note 1: Peripherals are accessible through remappable pins.

© 2008 Microchip Technology Inc.
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TABLE 1-2: DEVICE FEATURES FOR THE PIC24FJ256GA110 FAMILY: 80-PIN DEVICES
Features 128GA108 | 192GA108 256GA108

Operating Frequency DC - 32 MHz

Program Memory (bytes) 128K 192K 256K

Program Memory (instructions) 44,032 67,072 87,552

Data Memory (bytes) 16,384

Interrupt Sources (soft vectors/NMI traps) 66 (62/4)

1/0 Ports Ports A,B,C,D,E,F, G

Total I/O Pins 69

Remappable Pins

42 (31 1/0, 11 input only)

Timers:
Total Number (16-bit)

5(1)

32-Bit (from paired 16-bit timers) 2
Input Capture Channels 9l
Output Compare/PWM Channels o)
Input Change Notification Interrupt 69
Serial Communications:

UART 4

SPI (3-wire/4-wire) 3

12C™ 3
Parallel Communications (PMP/PSP) Yes
JTAG Boundary Scan/Programming Yes
10-Bit Analog-to-Digital Module 16
(input channels)

Analog Comparators 3
CTMU Interface Yes

Resets (and delays)

POR, BOR, RESET Instruction, MCLR, WDT; lllegal Opcode,
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch

(PWRT, OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

80-Pin TQFP

Note 1:

Peripherals are accessible through remappable pins.
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TABLE 1-3: DEVICE FEATURES FOR THE PIC24FJ256GA110 FAMILY: 100-PIN DEVICES
Features 128GA110 |  192GA110 |  256GA110

Operating Frequency DC - 32 MHz

Program Memory (bytes) 128K 192K 256K

Program Memory (instructions) 44,032 67,072 87,552

Data Memory (bytes) 16,384

Interrupt Sources (soft vectors/NMI traps) 66 (62/4)

1/0 Ports Ports A,B,C,D,E,F, G

Total 1/0 Pins 85

Remappable Pins

46 (32 1/0, 14 input only)

Timers:
Total Number (16-bit)

5(1)

32-Bit (from paired 16-bit timers) 2
Input Capture Channels 9l
Output Compare/PWM Channels oM
Input Change Notification Interrupt 85
Serial Communications:

UART 41)

SPI (3-wire/4-wire) 3

12C™ 3
Parallel Communications (PMP/PSP) Yes
JTAG Boundary Scan/Programming Yes
10-Bit Analog-to-Digital Module 16
(input channels)

Analog Comparators 3
CTMU Interface Yes

Resets (and delays)

POR, BOR, RESET Instruction, MCLR, WDT; lllegal Opcode,
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch
(PWRT, OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

100-Pin TQFP

Note 1: Peripherals are accessible through remappable pins.

© 2008 Microchip Technology Inc.
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FIGURE 1-1: PIC24FJ256GA110 FAMILY GENERAL BLOCK DIAGRAM
Interrupt < Data Bus
Controller A
PORTA™M
ik >
s 16 16 (13 1/0)
PSV & Table ¢ * Data Latch
Data Access
Control Block PCH PCL Data RAM
e [ PoH | PCL__ ]
Program Counter Address
Stack T Repeat Latch PORTB
ontro ontro *
Logic Logic (16 1/0)
16
23
16
Address Latch Read AGU
Write AGU
PORTC("
Program Memory |
(8 1/0)
Data Latch
EA MUX 16
Address Bus
8
8 1'° 1° PORTDM
© +
Inst Latch g (16 1/0)
Y
Instruction [
-
Decode & = vV Vv PORTE(
Divide |_ =)
OSCO/CLKO ‘ Control Signals Support [ 16 x 16 (10 1/0)
OSCI/CLKI 7 | e W Reg Array H
ZI{-} Timing Power-up Multiplier [
Generation > Timer
Oscillator
Start-up Timer|
REFO || Gacilaors ’ \ PORTF(")
-~ Power-on 16-Bit ALU +
Reset 16 (11 1/0)
Precision
Band Gap p|| Watchdog
Reference Timer
ENVREG
BOR and
& Voltage > 2
Regulator LvD®@ PoRTGH
g % % I (12 1/0)
VDDCORE/VCAP VDD, Vss MCLR
. , @ 3 10-Bit @
Timer1 Timer2/3 Timer4/5®) RTCC ADC Comparators
1 $? * ? * 1 1 I P PMP/PSP
IC PWM/OC SPI 12C UART
(1)
1-93) 1-93) ICNs 1/2/33) 12/3 1/2/3/4@) CTMU

Note 1:
2:
3:

Not all I/O pins or features are implemented on all device pinout configurations. See Table 1-4 for specific implementations by pin count.

BOR functionality is provided when the on-board voltage regulator is enabled.
These peripheral I/Os are only accessible through remappable pins.
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS
Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
ANO 16 20 25 | ANA | A/D Analog Inputs.
AN1 15 19 24 | ANA
AN2 14 18 23 | ANA
AN3 13 17 22 | ANA
AN4 12 16 21 | ANA
AN5 1 15 20 | ANA
ANG 17 21 26 | ANA
AN7 18 22 27 | ANA
AN8 21 27 32 | ANA
AN9 22 28 33 | ANA
AN10 23 29 34 | ANA
AN11 24 30 35 | ANA
AN12 27 33 41 | ANA
AN13 28 34 42 | ANA
AN14 29 35 43 | ANA
AN15 30 36 44 | ANA
ASCL2 — — 66 I/0 12c Alternate 12C2 Synchronous Serial Clock Input/Output.
ASDA2 — — 67 110 12c Alternate 12C2 Data Input/Output.
AVDD 19 25 30 P — Positive Supply for Analog modules.
AVss 20 26 31 P — Ground Reference for Analog modules.
C1INA 11 15 20 | ANA | Comparator 1 Input A.
C1INB 12 16 21 | ANA | Comparator 1 Input B.
C1INC 5 7 11 | ANA | Comparator 1 Input C.
C1IND 4 6 10 | ANA | Comparator 1 Input D.
C2INA 13 17 22 | ANA | Comparator 2 Input A.
C2INB 14 18 23 | ANA | Comparator 2 Input B.
C2INC 8 10 14 | ANA | Comparator 2 Input C.
C2IND 6 8 12 | ANA | Comparator 2 Input D.
C3INA 55 69 84 | ANA | Comparator 3 Input A.
C3INB 54 68 83 | ANA | Comparator 3 Input B.
C3INC 48 60 74 | ANA | Comparator 3 Input C.
C3IND 47 59 73 | ANA | Comparator 3 Input D.
CLKI 39 49 63 | ANA | Main Clock Input Connection.
CLKO 40 50 64 (0] — System Clock Output.
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

[2C™ = 12C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
CNO 48 60 74 | ST Interrupt-on-Change Inputs.
CN1 47 59 73 | ST
CN2 16 20 25 | ST
CN3 15 19 24 | ST
CN4 14 18 23 | ST
CN5 13 17 22 | ST
CN6 12 16 21 | ST
CN7 11 15 20 | ST
CN8 4 6 10 | ST
CN9 5 7 1 | ST
CN10 6 8 12 | ST
CN11 8 10 14 | ST
CN12 30 36 44 | ST
CN13 52 66 81 | ST
CN14 53 67 82 | ST
CN15 54 68 83 | ST
CN16 55 69 84 | ST
CN17 31 39 49 | ST
CN18 32 40 50 | ST
CN19 — 65 80 I ST
CN20 — 37 47 | ST
CN21 — 38 48 | ST
CN22 40 50 64 | ST
CN23 39 49 63 I ST
CN24 17 21 26 | ST
CN25 18 22 27 | ST
CN26 21 27 32 | ST
CN27 22 28 33 | ST
CN28 23 29 34 | ST
CN29 24 30 35 I ST
CN30 27 33 41 | ST
CN31 28 34 42 | ST
CN32 29 35 43 | ST
CN33 — — 17 | ST
CN34 — — 38 | ST
CN35 — — 58 I ST
CN36 — — 59 I ST
CN37 — — 60 | ST
CN38 — — 61 | ST
CN39 — — 91 | ST
CN40 — — 92 | ST
CN41 — 23 28 | ST
CN42 — 24 29 | ST
Legend: TTL =TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output [2C™ = |12C/SMBus input buffer
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
CN43 — 52 66 I ST Interrupt-on-Change Inputs.
CN44 — 53 67 | ST
CN45 — 4 | ST
CN46 — — I ST
CN47 — 5 I ST
CN48 — — I ST
CN49 46 58 72 | ST
CN50 49 61 76 | ST
CN51 50 62 77 | ST
CN52 51 63 78 I ST
CN53 42 54 68 I ST
CN54 43 55 69 I ST
CN55 44 56 70 | ST
CN56 45 57 71 | ST
CN57 — 64 79 | ST
CN58 60 76 93 I ST
CN59 61 77 94 I ST
CN60 62 78 98 I ST
CN61 63 79 99 | ST
CN62 64 80 100 | ST
CN63 1 1 3 | ST
CN64 2 4 I ST
CN65 3 3 5 I ST
CN66 — 13 18 I ST
CN67 — 14 19 | ST
CN68 58 72 87 | ST
CN69 59 73 88 | ST
CN70 34 42 52 I ST
CN71 33 41 51 I ST
CN72 35 45 55 I ST
CN73 — 44 54 | ST
CN74 — 43 53 | ST
CN75 — — 40 | ST
CN76 — — 39 I ST
CN77 — 75 90 I ST
CN78 — 74 89 I ST
CN79 — — 96 | ST
CN80 — — 97 | ST
CN81 — — 95 I ST
CN82 — — 1 I ST
CN83 37 47 57 I ST
CN84 36 46 56 | ST
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output [2C™ = |2C/SMBus input buffer
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
CTED1 28 34 42 | ANA | CTMU External Edge Input 1.
CTED2 27 33 41 | ANA | CTMU External Edge Input 2.
CTPLS 29 35 43 (0] — CTMU Pulse Output.
CVREF 23 29 34 (0] — Comparator Voltage Reference Output.
ENVREG 57 71 86 | ST Voltage Regulator Enable.
INTO 35 45 55 | ST External Interrupt Input.
MCLR 7 9 13 I ST | Master Clear (device Reset) Input. This line is brought low
to cause a Reset.
OSCl 39 49 63 I ANA | Main Oscillator Input Connection.
0SCO 40 50 64 (0] ANA | Main Oscillator Output Connection.
PGEC1 15 19 24 I/0 ST In-Circuit Debugger/Emulator/ICSP™ Programming Clock.
PGED1 16 20 25 I/0 ST In-Circuit Debugger/Emulator/ICSP Programming Data.
PGEC2 17 21 26 I/0 ST In-Circuit Debugger/Emulator/ICSP Programming Clock.
PGED2 18 22 27 I/0 ST In-Circuit Debugger/Emulator/ICSP Programming Data.
PGEC3 11 15 20 I/0 ST In-Circuit Debugger/Emulator/ICSP Programming Clock.
PGED3 12 16 21 I/0 ST In-Circuit Debugger/Emulator/ICSP Programming Data.
PMAO 30 36 44 I/0 ST Parallel Master Port Address Bit 0 Input (Buffered Slave
modes) and Output (Master modes).
PMA1 29 35 43 I/0 ST Parallel Master Port Address Bit 1 Input (Buffered Slave
modes) and Output (Master modes).
PMA2 8 10 14 O — Parallel Master Port Address (Demultiplexed Master
PMA3 6 12 o — | modes).
PMA4 5 1 o} —
PMA5 4 10 o} —
PMAG 16 24 29 o} —
PMA7 22 23 28 (0] —
PMAS8 32 40 50 o} —
PMA9 31 39 49 o} —
PMA10 28 34 42 o} —
PMA11 27 33 41 o —
PMA12 24 30 35 o} —
PMA13 23 29 34 o —
PMCS1 45 57 71 I/0 ST/TTL | Parallel Master Port Chip Select 1 Strobe/Address Bit 15.
PMCS2 44 56 70 (6] ST Parallel Master Port Chip Select 2 Strobe/Address Bit 14.
PMBE 51 63 78 O — Parallel Master Port Byte Enable Strobe.
PMDO 60 76 93 I/0 ST/TTL | Parallel Master Port Data (Demultiplexed Master mode) or
PMD1 61 77 94 /O ST/TTL |Address/Data (Multiplexed Master modes).
PMD2 62 78 98 lfe} ST/TTL
PMD3 63 79 99 10 ST/TTL
PMD4 64 80 100 110 ST/TTL
PMD5 1 1 3 110 ST/TTL
PMD6 2 4 110 ST/TTL
PMD7 3 5 I/0 ST/TTL
PMRD 53 67 82 (0] — Parallel Master Port Read Strobe.
PMWR 52 66 81 (6] — Parallel Master Port Write Strobe.
Legend: TTL =TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

[2C™ = 12C/SMBus input buffer
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
RAO — — 17 I/0 ST PORTA Digital I/0O.
RA1 — — 38 110 ST
RA2 — — 58 110 ST
RA3 — — 59 110 ST
RA4 — — 60 110 ST
RA5 — — 61 I/0 ST
RA6 — — 91 I/0 ST
RA7 — — 92 I/0 ST
RA9 — 23 28 110 ST
RA10 — 24 29 110 ST
RA14 — 52 66 110 ST
RA15 — 53 67 110 ST
RBO 16 20 25 I/0 ST PORTB Digital I/0.
RB1 15 19 24 I/0 ST
RB2 14 18 23 110 ST
RB3 13 17 22 110 ST
RB4 12 16 21 110 ST
RB5 11 15 20 I/0 ST
RB6 17 21 26 I/0 ST
RB7 18 22 27 I/0 ST
RB8 21 27 32 110 ST
RB9 22 28 33 110 ST
RB10 23 29 34 110 ST
RB11 24 30 35 110 ST
RB12 27 33 41 I/0 ST
RB13 28 34 42 I/0 ST
RB14 29 35 43 110 ST
RB15 30 36 44 110 ST
RC1 — 4 6 110 ST PORTC Digital I/0.
RC2 — — 7 I/0 ST
RC3 — 5 8 110 ST
RC4 — — 9 110 ST
RC12 39 49 63 110 ST
RC13 47 59 73 110 ST
RC14 48 60 74 110 ST
RC15 40 50 64 110 ST
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

[2C™ = 12C/SMBus input buffer
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
RDO 46 58 72 I/0 ST PORTD Digital 1/0.
RD1 49 61 76 110 ST
RD2 50 62 77 110 ST
RD3 51 63 78 110 ST
RD4 52 66 81 110 ST
RD5 53 67 82 110 ST
RD6 54 68 83 110 ST
RD7 55 69 84 110 ST
RD8 42 54 68 /10 ST
RD9 43 55 69 110 ST
RD10 44 56 70 110 ST
RD11 45 57 71 I/0 ST
RD12 — 64 79 110 ST
RD13 — 65 80 110 ST
RD14 — 37 47 110 ST
RD15 — 38 48 110 ST
REO 60 76 93 110 ST PORTE Digital I/0.
RE1 61 77 94 I/0 ST
RE2 62 78 98 I/0 ST
RE3 63 79 99 I/0 ST
RE4 64 80 100 110 ST
RE5 1 1 3 110 ST
RE6 2 4 110 ST
RE7 3 3 5 IO ST
RE8 — 13 18 I/0 ST
RE9 — 14 19 I/0 ST
REFO 30 36 44 O — Reference Clock Output.
RFO 58 72 87 110 ST PORTF Digital I/O.
RF1 59 73 88 110 ST
RF2 34 42 52 I/0 ST
RF3 33 41 51 I/0 ST
RF4 31 39 49 I/0 ST
RF5 32 40 50 110 ST
RF6 35 45 55 110 ST
RF7 — 44 54 110 ST
RF8 — 43 53 I/0 ST
RF12 — — 40 I/0 ST
RF13 — — 39 110 ST
Legend: TTL =TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

[2C™ = 12C/SMBus input buffer
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
RGO — 75 90 110 ST PORTG Digital I/O.
RG1 — 74 89 110 ST
RG2 37 47 57 I/0 ST
RG3 36 46 56 I/0 ST
RG6 4 10 I/0 ST
RG7 5 7 11 I/0 ST
RG8 6 12 I/0 ST
RG9 8 10 14 110 ST
RG12 — — 96 110 ST
RG13 — — 97 110 ST
RG14 — — 95 110 ST
RG15 — — 1 I/0 ST
RPO 16 20 25 I/0 ST Remappable Peripheral (input or output).
RP1 15 19 24 lfe} ST
RP2 42 54 68 I/0 ST
RP3 44 56 70 I/0 ST
RP4 43 55 69 I/0 ST
RP5 — 38 48 I/0 ST
RP6 17 21 26 I/0 ST
RP7 18 22 27 I/0 ST
RP8 21 27 32 I/0 ST
RP9 22 28 33 I/0 ST
RP10 31 39 49 I/0 ST
RP11 46 58 72 I/0 ST
RP12 45 57 71 I/0 ST
RP13 14 18 23 I/0 ST
RP14 29 35 43 I/0 ST
RP15 — 43 53 I/0 ST
RP16 33 41 51 I/0 ST
RP17 32 40 50 I/0 ST
RP18 11 15 20 I/0 ST
RP19 6 8 12 I/0 ST
RP20 53 67 82 I/0 ST
RP21 4 6 10 I/0 ST
RP22 51 63 78 I/0 ST
RP23 50 62 77 I/0 ST
RP24 49 61 76 I/0 ST
RP25 52 66 81 I/0 ST
RP26 5 7 11 I/0 ST
RP27 8 10 14 I/0 ST
RP28 12 16 21 I/0 ST
RP29 30 36 44 I/0 ST
RP30 — 42 52 I/0 ST
RP31 — — 39 I/0 ST
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output [2C™ = 12C/SMBus input buffer
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TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP TQFP TQFP
RPI32 — — 40 | ST Remappable Peripheral (input only).
RPI33 — 13 18 | ST
RPI134 — 14 19 | ST
RPI35 — 53 67 | ST
RPI36 — 52 66 | ST
RPI37 48 60 74 | ST
RPI38 — 4 | ST
RPI39 — — | ST
RPI40 — 5 | ST
RPI141 — — | ST
RP142 — 64 79 | ST
RP143 — 37 47 | ST
RP144 — 44 54 | ST
RPI45 35 45 55 | ST
RTCC 42 54 68 (0] — Real-Time Clock Alarm/Seconds Pulse Output.
SCL1 37 47 57 110 12c 12C1 Synchronous Serial Clock Input/Output.
SCL2 32 52 58 110 12c 12C2 Synchronous Serial Clock Input/Output.
SCL3 2 2 4 110 12c 12C3 Synchronous Serial Clock Input/Output.
SDA1 36 46 56 110 12C  |12C1 Data Input/Output.
SDA2 31 53 59 I/0 12c 12C2 Data Input/Output.
SDA3 3 3 5 I/0 12c 12C3 Data Input/Output.
SOSCI 47 59 73 | ANA | Secondary Oscillator/Timer1 Clock Input.
SOSCO 48 60 74 O ANA | Secondary Oscillator/Timer1 Clock Output.
T1CK 48 60 74 | ST Timer1 Clock.
TCK 27 33 38 | ST JTAG Test Clock/Programming Clock Input.
TDI 28 34 60 | ST JTAG Test Data/Programming Data Input.
TDO 24 14 61 (0] — JTAG Test Data Output.
TMS 23 13 17 | ST JTAG Test Mode Select Input.
Vcap 56 70 85 P — External Filter Capacitor Connection (regulator enabled).
VDD 10, 26, 38 12, 32, 48 2,16, 37, P — Positive Supply for Peripheral Digital Logic and 1/O Pins.
46, 62
VDDCORE 56 70 85 P — Positive Supply for Microcontroller Core Logic (regulator
disabled).
VREF- 15 23 28 | ANA | A/D and Comparator Reference Voltage (low) Input.
VREF+ 16 24 29 | ANA | A/D and Comparator Reference Voltage (high) Input.
Vss 9, 25, 41 11, 31, 51 15, 36, 45, P — Ground Reference for Logic and I/O Pins.
65, 75
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output [2C™ = 12C/SMBus input buffer
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20 CPU

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
“Section 2. CPU” (DS39703).

The PIC24F CPU has a 16-bit (data) modified Harvard
architecture with an enhanced instruction set and a
24-bit instruction word with a variable length opcode
field. The Program Counter (PC) is 23 bits wide and
addresses up to 4M instructions of user program
memory space. A single-cycle instruction prefetch
mechanism is used to help maintain throughput and pro-
vides predictable execution. All instructions execute in a
single cycle, with the exception of instructions that
change the program flow, the double-word move
(MOV.D) instruction and the table instructions.
Overhead-free program loop constructs are supported
using the REPEAT instructions, which are interruptible at
any point.

PIC24F devices have sixteen, 16-bit working registers
in the programmer’s model. Each of the working
registers can act as a data, address or address offset
register. The 16th working register (W15) operates as
a Software Stack Pointer for interrupts and calls.

The upper 32 Kbytes of the data space memory map
can optionally be mapped into program space at any
16K word boundary defined by the 8-bit Program Space
Visibility Page Address (PSVPAG) register. The program
to data space mapping feature lets any instruction
access program space as if it were data space.

The Instruction Set Architecture (ISA) has been
significantly enhanced beyond that of the PIC18, but
maintains an acceptable level of backward compatibil-
ity. All PIC18 instructions and addressing modes are
supported, either directly, or through simple macros.
Many of the ISA enhancements have been driven by
compiler efficiency needs.

The core supports Inherent (no operand), Relative,
Literal, Memory Direct and three groups of addressing
modes. All modes support Register Direct and various
Register Indirect modes. Each group offers up to seven
addressing modes. Instructions are associated with
predefined addressing modes depending upon their
functional requirements.

For most instructions, the core is capable of executing
a data (or program data) memory read, a working reg-
ister (data) read, a data memory write and a program
(instruction) memory read per instruction cycle. As a
result, three parameter instructions can be supported,
allowing trinary operations (that is, A + B = C) to be
executed in a single cycle.

A high-speed, 17-bit by 17-bit multiplier has been
included to significantly enhance the core arithmetic
capability and throughput. The multiplier supports
Signed, Unsigned and Mixed mode, 16-bit by 16-bit or
8-bit by 8-bit, integer multiplication. All multiply
instructions execute in a single cycle.

The 16-bit ALU has been enhanced with integer divide
assist hardware that supports an iterative non-restoring
divide algorithm. It operates in conjunction with the
REPEAT instruction looping mechanism and a selection
of iterative divide instructions to support 32-bit (or
16-bit), divided by 16-bit, integer signed and unsigned
division. All divide operations require 19 cycles to
complete but are interruptible at any cycle boundary.

The PIC24F has a vectored exception scheme with up
to 8 sources of non-maskable traps and up to 118 inter-
rupt sources. Each interrupt source can be assigned to
one of seven priority levels.

A block diagram of the CPU is shown in Figure 2-1.

21 Programmer’s Model

The programmer’s model for the PIC24F is shown in
Figure 2-2. All registers in the programmer’s model are
memory mapped and can be manipulated directly by
instructions. A description of each register is provided
in Table 2-1. All registers associated with the
programmer’s model are memory mapped.

© 2008 Microchip Technology Inc.
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FIGURE 2-1: PIC24F CPU CORE BLOCK DIAGRAM

PSV & Table
Data Access 4
Control Block

Data Bus
Interrupt 4
Controller
A 16
8 16 16
* * Data Latch
Data RAM 16
Program Counter
Stack Loop Address
Control Control Latch
Logic Logic
16
RAGU
Address Latch WAGU
Program Memory

Address Bus
h 4 A

Data Latch ROM Latch
16 16
Instruction % 4
Decode & - a
o)
5
Iy
Control Signals Hardware
to Vari Block
0 Various Blocks Multiplier 0 16 x 16
Divide W Register Array l l
Support ' ' 16
16-Bit ALU
16
To Peripheral Modules
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TABLE 2-1: CPU CORE REGISTERS

Register(s) Name Description
WO through W15 Working Register Array
PC 23-Bit Program Counter
SR ALU STATUS Register
SPLIM Stack Pointer Limit Value Register
TBLPAG Table Memory Page Address Register
PSVPAG Program Space Visibility Page Address Register
RCOUNT Repeat Loop Counter Register
CORCON CPU Control Register
FIGURE 2-2: PROGRAMMER’S MODEL
15
Divider Working Registers {WO (WREG)
WA1
o . w2
Multiplier Registers { W3
w4
W5
W6
w7 >Working/Address
w8 Registers
W9
W10
W11
W12
W13
W14 Frame Pointer
W15 Stack Pointer o] J
CTI O
22
PC | O| Program Counter
7 0
[ 7BPAG | Nidress Reger
7 0 o
[ PSVPAG | Page Adcress Register”
15 0
| RCOUNT | Ezgies?érl_oop Counter
15 SBH SRL 0
|—|—\—\—\—|—\—@2ﬁ'l-o\m ALU STATUS Register (SR)
15 0
| | | | | | | | | | | | ‘IPLS‘PSV|—H CPU Control Register (CORCON)
Registers or bits shadowed for PUSH. S and POP. S instructions.
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2.2 CPU Control Registers
REGISTER 2-1: SR: ALU STATUS REGISTER

u-0

u-0 u-0 u-0 u-0 u-0 u-0 R/W-0

_ | _ _ — — = DC

bit 15

bit 8

R/w-0(M

R/W-0(1) R/W-0(1) R-0 R/W-0 R/W-0 R/W-0 R/W-0

IPL2(2)

IPL1(2) IPLO(2) RA N ov Z c

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 15-9
bit 8

bit 7-5

bit 4

bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’

DC: ALU Half Carry/Borrow bit

1 = A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred

0 = No carry-out from the 4th or 8th low-order bit of the result has occurred

IPL2:1PLO: CPU Interrupt Priority Level Status bits(1:2)

111 = CPU interrupt priority level is 7 (15); user interrupts disabled.

110 = CPU interrupt priority level is 6 (14)

101 = CPU interrupt priority Level is 5 (13)

100 = CPU interrupt priority level is 4 (12)

011 = CPU interrupt priority level is 3 (11)

010 = CPU interrupt priority level is 2 (10)

001 = CPU interrupt priority level is 1 (9)

000 = CPU interrupt priority level is 0 (8)

RA: REPEAT Loop Active bit

1 = REPEAT loop in progress

0 = REPEAT loop not in progress

N: ALU Negative bit

1 = Result was negative

0 = Result was non-negative (zero or positive)

OV: ALU Overflow bit

1 = Overflow occurred for signed (2's complement) arithmetic in this arithmetic operation

0 = No overflow has occurred

Z: ALU Zero bit

1 = An operation which effects the Z bit has set it at some time in the past

0 = The most recent operation which effects the Z bit has cleared it (i.e., a non-zero result)

C: ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred

0 = No carry-out from the Most Significant bit of the result occurred

Note 1: The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.
2: The IPL Status bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority

Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.
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REGISTER 2-2: CORCON: CPU CONTROL REGISTER

uU-0 uU-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 R/C-0 R/W-0 U-0 U-0
— — — — 1PL3(M) PSV — —
bit 7 bit 0
Legend: U = Unimplemented bit, read as ‘0’
R = Readable bit W = Writable bit C = Clearable bit
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-4 Unimplemented: Read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit(")

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

bit 2 PSV: Program Space Visibility in Data Space Enable bit

1 = Program space visible in data space
0 = Program space not visible in data space

bit 1-0 Unimplemented: Read as ‘0’

Note 1: User interrupts are disabled when IPL3 = 1.

2.3 Arithmetic Logic Unit (ALU) The PIC24F CPU incorporates hardware support for

] o ) ] both multiplication and division. This includes a
The PIC24F ALU is 16 bits wide and is capable of addi- dedicated hardware multiplier and support hardware
tion, subtraction, bit shifts and logic operations. Unless

for 16-bit divisor division.
otherwise mentioned, arithmetic operations are 2’s

complement in nature. Depending on the operation, the 2.31 MULTIPLIER

ALU may affect the values of the Carry (C), Zero (Z), . . . .
Negative (N), Overflow (OV) and Digit Carry (DC) ;h?t. ’?L:J It°°”ta'“rst anh.'g:'zpe‘?dr’] ;7'?;1." d177b2
Status bits in the SR register. The C and DC Status bits uitipher. Tt supports unsigned, signed or mixed sig

operation in several multiplication modes:
16-bit x 16-bit signed

16-bit x 16-bit unsigned

16-bit signed x 5-bit (literal) unsigned
16-bit unsigned x 16-bit unsigned
16-bit unsigned x 5-bit (literal) unsigned
16-bit unsigned x 16-bit signed

8-bit unsigned x 8-bit unsigned

operate as Borrow and Digit Borrow bits, respectively,
for subtraction operations.

The ALU can perform 8-bit or 16-bit operations,
depending on the mode of the instruction that is used.
Data for the ALU operation can come from the W
register array, or data memory, depending on the
addressing mode of the instruction. Likewise, output
data from the ALU can be written to the W register array
or a data memory location.

Noogkrwbd-=
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2.3.2 DIVIDER

The divide block supports signed and unsigned integer
divide operations with the following data sizes:

1. 32-bit signed/16-bit signed divide

2. 32-bit unsigned/16-bit unsigned divide

3. 16-bit signed/16-bit signed divide

4. 16-bit unsigned/16-bit unsigned divide

The quotient for all divide instructions ends up in WO
and the remainder in W1. Sixteen-bit signed and
unsigned DIV instructions can specify any W register
for both the 16-bit divisor (Wn), and any W register
(aligned) pair (W(m + 1):Wm) for the 32-bit dividend.
The divide algorithm takes one cycle per bit of divisor,
so both 32-bit/16-bit and 16-bit/16-bit instructions take
the same number of cycles to execute.

2.3.3 MULTI-BIT SHIFT SUPPORT

The PIC24F ALU supports both single bit and
single-cycle, multi-bit arithmetic and logic shifts.
Multi-bit shifts are implemented using a shifter block,
capable of performing up to a 15-bit arithmetic right
shift, or up to a 15-bit left shift, in a single cycle. All
multi-bit shift instructions only support Register Direct
Addressing for both the operand source and result
destination.

A full summary of instructions that use the shift
operation is provided below in Table 2-2.

TABLE 2-2: INSTRUCTIONS THAT USE THE SINGLE AND MULTI-BIT SHIFT OPERATION
Instruction Description
ASR Arithmetic shift right source register by one or more bits.
SL Shift left source register by one or more bits.
LSR Logical shift right source register by one or more bits.
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3.0 MEMORY ORGANIZATION

As Harvard architecture devices, PIC24F micro-
controllers feature separate program and data memory
spaces and busses. This architecture also allows the
direct access of program memory from the data space
during code execution.

3.1

The program address memory space of the
PIC24FJ256GA110 family devices is 4M instructions.
The space is addressable by a 24-bit value derived

Program Address Space

from either the 23-bit Program Counter (PC) during pro-
gram execution, or from table operation or data space
remapping, as described in Section 3.3 “Interfacing
Program and Data Memory Spaces”.

User access to the program memory space is restricted
to the lower half of the address range (000000h to
7TFFFFFh). The exception is the use of TBRLRD/TBLWT
operations which use TBLPAG<7> to permit access to
the Configuration bits and Device ID sections of the
configuration memory space.

Memory maps for the PIC24FJ256GA110 family of
devices are shown in Figure 3-1.

FIGURE 3-1: PROGRAM SPACE MEMORY MAP FOR PIC24FJ256GA110 FAMILY DEVICES
PIC24FJ128GA1XX PIC24FJ192GA1XX PIC24FJ256GA1XX
A GOTO Instruction GOTO Instruction GOTO Instruction 888888;1
Reset Address Reset Address Reset Address 000004h
Interrupt Vector Table Interrupt Vector Table Interrupt Vector Table 0000FEh
Reserved Reserved Reserved 000100h
Alternate Vector Table Alternate Vector Table Alternate Vector Table 8881 27';;1
000200h
User Flash
Program Memory User Flash
(44K instructions) Program Memory
(67K instructions) User Flash
° Progr_am Memory
§ Flash ConfigWords | | | (87K instructions) 0157FEh
@ 015800h
>
o
é Flash ConfigWords | 020BFEh
@ 020C00h
g
Flash Config Words . 02ABFEh
Unimplemented 02ACO00h
Read ‘0’ .
Unimplemented
Read ‘0’
Unimplemented
Read ‘0’
Y 7FFFFFh
A 800000h
Reserved Reserved Reserved
[0]
(&}
[
Q.
(7))
> F7FFFEh
o . ) . ) ] . ) ] . F80000h
£ Device Config Registers Device Config Registers Device Config Registers F8000Eh
= F80010h
il
®
5
2 Reserved Reserved Reserved
§
FEFFFEh
v DEVID (2) DEVID (2) DEVID (2) FFO000h
- FFFFFFh

Memory areas are not shown to scale.
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3.1.1 PROGRAM MEMORY

ORGANIZATION

The program memory space is organized in
word-addressable blocks. Although it is treated as
24 bits wide, it is more appropriate to think of each
address of the program memory as a lower and upper
word, with the upper byte of the upper word being
unimplemented. The lower word always has an even
address, while the upper word has an odd address
(Figure 3-2).

Program memory addresses are always word-aligned
on the lower word, and addresses are incremented or
decremented by two during code execution. This
arrangement also provides compatibility with data
memory space addressing and makes it possible to
access data in the program memory space.

3.1.2 HARD MEMORY VECTORS
All PIC24F devices reserve the addresses between

3.1.3 FLASH CONFIGURATION WORDS

In PIC24FJ256GA110 family devices, the top three
words of on-chip program memory are reserved for
configuration information. On device Reset, the config-
uration information is copied into the appropriate Con-
figuration registers. The addresses of the Flash
Configuration Word for  devices in the
PIC24FJ256GA110 family are shown in Table 3-1.
Their location in the memory map is shown with the
other memory vectors in Figure 3-1.

The Configuration Words in program memory are a
compact format. The actual Configuration bits are
mapped in several different registers in the configuration
memory space. Their order in the Flash Configuration
Words do not reflect a corresponding arrangement in the
configuration space. Additional details on the device
Configuration Words are provided in Section 24.1
“Configuration Bits”.

00000h and 000200h for hard coded program execu- TABLE 3-1: FLASH CONFIGURATION
tion vectors. A hardware Reset vector is provided to WORDS FOR
redirect code execution from the default value of the PIC24FJ256GA110 FAMILY
PC on device Reset to the actual start of code. A GOTO DEVICES
instruction is programmed by the user at 000000h with P Confi ti
the actual address for the start of code at 000002h. . rogram ontiguration
Device Memory Word
PIC24F devices also have two interrupt vector tables, (Words) Addresses
located from 000004h to 0000FFh and 000100h to -
0001FFh. These vector tables allow each of the many PIC24FJ128GA 44,032 0157FAh:
device interrupt sources to be handled by separate 0157FEh
ISRs. A more detailed discussion of the interrupt vector 020BFAnh:
PIC24FJ192GA 67,072
tables is provided in Section 6.1 “Interrupt Vector 020BFEh
Table”. 02ABFAh:
PIC24FJ256GA 87,552 02ABFEh
FIGURE 3-2: PROGRAM MEMORY ORGANIZATION
msw most significant word least significant word PC Address
Address p A ~ N ~ (Isw Address)
23 16 8 0
000001h 00000000 000000h
000003h 00000000 000002h
000005h 00000000 000004h
000007h 00000000 000006h
N v J g _/
Program Memory Instruction Width
‘Phantom’ Byte
(read as ‘0’)
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3.2 Data Address Space

The PIC24F core has a separate, 16-bit wide data mem-
ory space, addressable as a single linear range. The
data space is accessed using two Address Generation
Units (AGUs), one each for read and write operations.
The data space memory map is shown in Figure 3-3.

All Effective Addresses (EAs) in the data memory space
are 16 bits wide and point to bytes within the data space.
This gives a data space address range of 64 Kbytes or
32K words. The lower half of the data memory space
(that is, when EA<15> = 0) is used for implemented
memory addresses, while the upper half (EA<15>=1)is
reserved for the program space visibility area (see
Section 3.3.3 “Reading Data From Program Memory
Using Program Space Visibility”).

PIC24FJ256GA110 family devices implement a total of
16 Kbytes of data memory. Should an EA point to a
location outside of this area, an all zero word or byte will
be returned.

3.2.1 DATA SPACE WIDTH

The data memory space is organized in
byte-addressable, 16-bit wide blocks. Data is aligned
in data memory and registers as 16-bit words, but all
data space EAs resolve to bytes. The Least Significant
Bytes of each word have even addresses, while the
Most Significant Bytes have odd addresses.

FIGURE 3-3: DATA SPACE MEMORY MAP FOR PIC24FJ256GA110 FAMILY DEVICES
MSB LSB
Address MfB L§B Address
[ ' A\
0001h SFR Space 0000h } SFR
07FFh 07FEh _J Space Near
~~ 0801h | 0800h Data Space
FFFR | L ] 1FFEh
Implemented 2001h | 2000h
Data RAM Data RAM
|
ATFFh | 47FEh
~ 4801h | 4800h
|
Unimplemented
Read as ‘0’
[
7FFFh | 7FFEh
8001h | 8000h
|
|
|
|
Program Space
Visibility Area
|
|
|
|
|
FFFFh | FFFEh
Note:  Data memory areas are not shown to scale.
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3.2.2 DATA MEMORY ORGANIZATION

AND ALIGNMENT

To maintain backward compatibility with PIC® devices
and improve data space memory usage efficiency, the
PIC24F instruction set supports both word and byte
operations. As a consequence of byte accessibility, all
Effective Address (EA) calculations are internally scaled
to step through word-aligned memory. For example, the
core recognizes that Post-Modified Register Indirect
Addressing mode [Ws++] will result in a value of Ws + 1
for byte operations and Ws + 2 for word operations.

Data byte reads will read the complete word which con-
tains the byte, using the LSb of any EA to determine
which byte to select. The selected byte is placed onto
the LSB of the data path. That is, data memory and reg-
isters are organized as two parallel, byte-wide entities
with shared (word) address decode but separate write
lines. Data byte writes only write to the corresponding
side of the array or register which matches the byte
address.

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word opera-
tions, or translating from 8-bit MCU code. If a
misaligned read or write is attempted, an address error
trap will be generated. If the error occurred on a read,
the instruction underway is completed; if it occurred on
a write, the instruction will be executed but the write will
not occur. In either case, a trap is then executed, allow-
ing the system and/or user to examine the machine
state prior to execution of the address Fault.

All byte loads into any W register are loaded into the
Least Significant Byte. The Most Significant Byte is not
modified.

A sign-extend instruction (SE) is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSB of any W register by executing a
zero-extend (ZE) instruction on the appropriate
address.

Although most instructions are capable of operating on
word or byte data sizes, it should be noted that some
instructions operate only on words.

3.2.3 NEAR DATA SPACE

The 8-Kbyte area between 0000h and 1FFFh is
referred to as the near data space. Locations in this
space are directly addressable via a 13-bit absolute
address field within all memory direct instructions. The
remainder of the data space is addressable indirectly.
Additionally, the whole data space is addressable using
MOV instructions, which support Memory Direct
Addressing with a 16-bit address field.

3.24 SFR SPACE

The first 2 Kbytes of the near data space, from 0000h
to 07FFh, are primarily occupied with Special Function
Registers (SFRs). These are used by the PIC24F core
and peripheral modules for controlling the operation of
the device.

SFRs are distributed among the modules that they con-
trol and are generally grouped together by module.
Much of the SFR space contains unused addresses;
these are read as ‘0’. A diagram of the SFR space,
showing where SFRs are actually implemented, is
shown in Table 3-2. Each implemented area indicates
a 32-byte region where at least one address is imple-
mented as an SFR. A complete listing of implemented
SFRs, including their addresses, is shown in Tables 3-3
through 3-29.

TABLE 3-2: IMPLEMENTED REGIONS OF SFR DATA SPACE
SFR Space Address
xx00 xx20 xx40 xx60 xx80 ‘ xxA0 xxCO0 xxEOQ
000h Core ICN Interrupts —
100h Timers Capture | Compare
200h [2cm UART SPI/UART | SPI/I’C SPI UART I/0
300h A/D A/D/CTMU — — — — — —
400h — — — — — —
500h — — — — — — — —
600h PMP RTC/Comp CRC — PPS —
700h — — System | NVM/PMD — — — —
Legend: — = No implemented SFRs in this block

DS39905B-page 30

Preliminary

© 2008 Microchip Technology Inc.




PIC24FJ256GA110 FAMILY

‘lewIoapexay Ul UMOYS 8JE SanjeA 1asay °,0, se peal ‘pajuswsjdwiun = — :puabar
XXXX Jays16ay Jajuno) sydnuiisju| sigesiq s — 2500 INDOISIa
0000 = = ASd £1dl = — — — — — — — - - - - v¥00 | NOJHOO
0000 o) z NO N vy 01dl Ldl 2dl oa — — — — — — — 200 s
XXXX 1838169y Jajuno) dooT jeaday 9€00 | LNNOOYH
0000 1918169y ssaippy abed AjjiqisiA aoeds weiboid — — — — — — — — €00 OVdASd
0000 198169y ssaippy abed Alows|\ a|qel — — — — — — — — 2€00 ovdial
0000 a1Ag ybiH Jaisibay Jeyuno) weiboid — — — — — — — — 0€00 HOd
0000 J9)si6ay pIOA\ MOT Jeluno) welboid 3200 10d
XXKK 1918169y anjeA HwiT Jajulod YoelS 0200 NITdS
0080 G| Joysibay Bupiopn 3100 | SLOIHEM
0000 71 J9ys16ay Bupiopn OL00 | 7LO3IM
0000 ¢ Joysibay Buppiopn V100 | €L93dM
0000 21 1918169y Buppiopn 8L00 | 2LO3dM
0000 L1 J9ys169y Bupopn 9100 LLOIEM
0000 01 Joys16ay Buppiopn 7100 | 0LO3IM
0000 6 Ja)siBay Buiop 2100 6934M
0000 g Ja)sibay Buiop 0100 893FUM
0000 / Ja)sibay Bupop 3000 L93HM
0000 9 Ja)sibay Buiop 0000 993dM
0000 G Ja)sibay Buop Y000 GOIFIM
0000 7 Ja)siBay Buiop 8000 LREI
0000 ¢ Ja)sibay Buop 9000 €O93FIM
0000 Z Ja)siBay Buop 000 293dM
0000 | Joysibay Bupiopn 2000 LOFEM
0000 0 Ja)sibay Buiop 0000 093dM
ﬂﬂ“wm oyg L ng [A11: ] cyg v syg 939 Lyg 8yg 639 oL g L yg zLyg cLyg vi g Sl ug ippy ww____.”_z
dVIN SH31SI93Y JH0I NdO ‘€-€ 319vL

DS39905B-page 31

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

*,0, Se peal ‘sao1nep uid-0g pue uid-¢9 ul pajuswajdwiun g
*,0, se peal ‘sao1nep uid-$9 ul pajuswsidwiun I} 9)ON
‘|eWIospeXay Ul UMOYS 8JB SanjeA 18say °,0, Se peal ‘pajuswsjdwiun = — :puabar
0000 |ANOBND | xANdL8NO | ANZEND | INCESND | INdBND = = = = = = = = = = = 9.00 | 9NdND
0000 | 3NAPONO | NASIND |()NAIIND |, FNALOND | INABIND | INEIND () ANOINO | INdLIND | INZIND | (ANELND | (yANAVIND | ANASINO | zFNAILND | (,yANLIND | (yANABIND | 3NEIND | #200 | SNAND
0000 |@zANASYNO| INd6YNO | INOSND | INAISND | INAZSND | INdESNO | INAYGND | INdSSND | INISND | (aNdLSND | 3NdSSND | INdBSNO | INOIND | INdIOND | 3NAZINO | INdEINO | 2200 | PNdND
0000 | ANAZEND |INAEEND | FNAVEND | zANCSEND | (ANIEND | zANALEND | ) ANBEND | NBEND | (zFNCOPN | (ANIPND | (yANAZIND | () NEVNO | (yANdIPN | (,yANASPND | (5ANAIYND | ()3NdLINO | 0200 | ENAND
0000 | 3NAOLNO | INAZINO | INABIND |, ANdBEND | (aNdOZND | (yaNdIZNO | INdZZNO | INdEZND | ANdVZND | 3NASIND | 3Nd9ZNO | INdZZNO | INdSZND | 3NdBZND | 3NdOEND | INdLEND | 3900 | 2NdND
0000 | 3ANMONO | 3NAIND | INZNO | INdEND | INPNO | 3NASNO | INAOND | INdINO | 3Nd8NO | INdBNO | INOINO | INdLNO | TNdZIND | INEIND | 3NdPINO | INdSINO | 0900 | LNdND
0000 | »3I0SND | @ANBND | ;AlceNO | 3esNO | aweND = = = = = = = = = = = Y900 | 9NGND
0000 | ZIKOND | JISOND | (jFI9OND | (»yILONO | JINO | TEAND | (yI0NO | TNO | FNO | (hFEINO | (FIWIND | AIGIND | @AQND | ()FILNO | ()FIBINO | FI6IND | 8900 | GNAND
0000 | @JIBYNO | JI6YNO | FOSNO | FGNO | FGNO | JIEGND | TWGND | JSSNO | FGNO | ()ILGNO | JBSNO | T6SNO | FOONO | FNONO | FoND | FIEOND | 9900 | ¥NIND
0000 | ZIEND | FIEEND | AIEND | ASEND | @FEND | @ALEND | (;TIBEND | (AIBEND | AIOWNO | ()FWNO | (yIRYND | (FIEIND | (AWWND | ()FISPNO | @FIOWNO | (yTILPND | ¥900 | ENIND
0000 | GINO | JMLINO | FBIND | (yF6INO | (F0INO | (yANENO | FZNO | NO | IWNO | FSeNO | FND | FLNO | FeNO | F6ZNO | FI0END | FMEND | 2900 | NAND
0000 | 3IONO 31ND 31ND IEND ETe 3I5ND F9NO 3IND ETNS) F6ND | JOINO | FND | FINO | FEINO | JINO | FISIND | 0900 | LINND
0000  |(3Ad0BND | (53AdL8NO | z3AZ8ND | JAdESND | 3ABND = = = = = = = = = = = 3500 | 90dNO
0000 | 3AdPONO | 3AdSINO |()FAd9IND |(,jFAALOND | IAABIND | IAEINO () 3AOINO | FAdLIND | FAMZIND |()AAAELND | (jAAdVIND | )FAdGINO | (2 FAILNO | (,yFAALIND | (jAAABIND | 3AELNO | D500 | SAdND
0000 |¢;3AdSYNO | Ad6YNO | IAMOSNO | IAAISND | IAdZSND | IAdESNO | AdYGNO | JAdSSNO | IAdISND |(j3AdLGNO | 3AdSSNO | 3Ad6SNO | IAd0IND | IAdIOND | 3AdZINO | JAdEINO | V500 | ¥OdND
0000 | 3AZEND |IAEEND | TAVEND |z FAASEND | (5AAAIEND | (zAAALEND | )FABEND | FABEND | (zFAOPNO | )AAIIND | (jAAAZIND | () FAEVNO | (AN | (,yFAdSHND | (5j3AAIYND | ()33ALINO | 8500 | £QND
0000 | 3AdIINO | 3AdZINO | JAdBIND |(,FAEIND | (j3Ad0ZND | (,j3AdIZNO | F0dzzNO | IAdEZND | IAdVEND | 3AdSINO | 3Ad9ZNO | 3AdZZNO | IAdSZND | 3Ad6ZND | 3Ad0ENO | JAdIEND | 9500 |2AdND
0000 | 3AMONO | JAINO | 3AdZNO | 3AdEND | 3AdVNO | 3IAdSNO | 3AdOND | IAdINO | 3Ad8NO | 3AdBNO | 3AdOINO | IAdINO | IAdZIND | IAdEIND | 3AdPINO | 3AdSINO | ¥500 | LadND
mﬂuom ovg Lug Zyg ¢ v g 9y Lyg 8yg 6% (TR W g cLug viog siyg | ey ww___m“_z
dVIN 431SI1934 NOI ‘v-¢ 319Vl

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 32



PIC24FJ256GA110 FAMILY

‘lewidoapexay ul UMOYs ale sanjeA }8say 0, se peal .U@«CQEQ_QE_CJ =— “-0:000!_
7700 | 0dI60O | LdI600 | zdI6oO — 0dI6Ol | 1di6Ol | zdiel — - - - - - - - — [ zaoo | eeod
7000 | 0dIXEYN | LdIXEPN | 2dixevn | — 0dIXLPN | LdIXLPN | 2dIXLPN | — | OdIEAdS | LdigddS | zdieddS | — | odisidS | ldieids | zdields | — | 0doo | zzodl
7707 | 0d€02IS | 1dEDTIS | 2de0Tls || — 0dEOZIN | LEDZIN | 2deozin | — — — — —  |odrEvn | 1diavn | zdie3avn | — | 3000 | Lzodi
0r v — — — — 0dIM3EN | LAIMTEN | 2dIMTEN | — | OIXHEN | LdIXMEN | 2dIXMEN | — | OdIXLEN | LdIXLEN | zdiXLen | — | 0000 | 02odi
0700 = = — — [ 0dINWLD | 1dIiNNLD | 2dinNID | — = = = = = = = — | wooo | 6lodi
7000 | 0dIGAT | LIOAT | zdianT — — — — — — — — — — — — — [so00 | stoal
0vbE = = = — 0di3LN | LdIM3N | 2diM3N | — | odi¥Een | 1did3zn | zdid3en | — | 0diDWD | LdIOND | zdiodd | — | ¥000 | 9L0di
0070 — — = = = — — — | odiold | 1oLy | zdiote | — — — — — | zo00 | stodi
0750 — — — — OdIELNI | LAIELNI | ZdIEINI | — | OdIPINI | LdIvINI | 2diviNl | — — — — — | =m0 | eloa
0750 — — — — 0dZOZIS | 1dZOTIS | 2d20ziS | — | 0d2OZIN | bdzOeIN | 2dzoain | — — — — — | om00 | zioa
7700 | 0dI800 | 1dI8D0 | zdIgoo — 0didNd | LdidNd | zdidnd | — = = = = = = = — | wvao0 LLodl
7rvy | 0di9dl | 1dI90l | zdIgol — 0dISO0 | 1dISO0 | 2dISO0 |  — | 0dI900 | 1dI900 | 2died0 | — | 0diZ0O | 1diZ0O | 2dizoo | — | 8=00 | oLodi
0vbE = = = — 0dIEDl | 1dIED! | zdigl = 0divOl | 1dIvdl | 2diwdl | — | odisol | 1disdl | 2disol — | 9m00 60
7700 | 0dizadS | bdizdds | zdigdds | — 0dizidS | tdizids | zdizids | — — — — - — — — — | va00 80di
790y | OdISL | LdiSL | adisL — OdIZINI | bdIZINI | 2diZINI | — | odiXyzn | bdixden | edixadzn |  — | odiXlen | bdixlen | edixien | — | =00 20d|
0r v — — — — 0dIED0 | LdIEDO | 2dIEd0 |  — | 0di¥D0 | 1divd0 | zdivdo | — odivL | tdivl | zdivl — | om00 90dl
70v% | OclLINI | LdILINI | ZdILINI — = = = = 0diZOl | 1dizOl | 2diZol | — | odisdl | 1disdl | zdigol — | avoo 50
7907 | 0dLOZIS | bdbOTIS | 2d10zIS || — 0dLOZIN | LLOZIN | zdlozin | — 0dIND | JdIND | 2dIND | — | 0dIND | LdIND | zdIND — | ovoo 0dI
7700 | 0dIXLIN | bdlIXLiN | 2diXLbn | — odilavy | tditav | zdiavy | — - - - = - - - — | wvoo £0d
7vvv | OdieL | ldisl | adieL — 0dIL4dS | bdIlddS | 2dilddS | — | 0diLidS | LdilidS | zditidS | — | 0dixdin | Ldixdln | zdixein | — | 8voo Zod
0r v — — — — 0dizdl | tdizdl | zdizol — | 0dizoo | 1dizoo | zdizoo | — odizL | tdizL | zdizL — | ovoo 10d
7997 | OJIOLNI | LdIOLNI | ZdIOLNI — 0ditDl | tditDl | zdiol — [ 0dloo | 1dito0 | zdnoo | — oditL | tditl | zdiil — | wvoo 00d
0000 — | 3mg3en | 3ixden | 3ixlen | Ji€0zis | JI€0aN | — | 33pn | 3ixavn | 3IXn | 3idds | Jisids | 31600 | 31601 = — | 3600 eE]
0000 — | 330 | 3mm3en | 30w — — = — 31aAT - - - — |anwwo | — — | o600 03I
0000 — | 3zous | 3zoan | — — JASINE | TN = - = = = = - 301y — | weo0 eE]
0000 | 3Ngdds | 3reids — — — €01 | 3Ol | 3SOl | =901 | SO0 | 1900 | 31200 | 31800 | dnd — — | 600 zoal
0000 | 3NL0ZIS | ANLOZIN | FIND aANO | TN — 301 | 380l — €00 | W00 | Fwl | =JSL | JeLNI | Fixden | JixLen | 9600 103
0000 | 3NOLNI | 300l | Inoo | anL — 3zol | 3100 | 3reL 3EL | 3nads | 3ds | Ixdln | 3ixwn | 3nav - — | ve00 003l
0000 — | ama3en | dixden | dIXLen | dIE0ziS | AIS0ZN | — | diM3vn | dixevn | IXLPN | digdds | disids | d1600 | 46Ol = — | 3s00 GsAl
0000 — [ Jm3in | m3en | A0w0 — — = — HIOAT - - - — |[anwo | — — | o800 sl
0000 — | aizozis | Hizoem — — HELNI | HIPINI = - = = = = - 41019 — | vso0 sl
0000 | dizdds | dizids — — — €01 | w0l | IS0l | 41901 | 41S00 | 41900 | 41200 | 41800 | didind — — | ss00 zsdl
0000 | 41L0ZIS | AIL0ZIN | HIAD 4AND | HILINI — 101 | 4180l — €00 | AIw00 | 4wl | AISL | diZINI | dixezn | dIXlzn | 9800 LSl
0000 | 4I0INI | 4101 | 4100 | 4L — 41201 | 41200 | izl dIEL | dibAdS | dibids | dixein | dixLn | dnav - — | vso0 os4l
0000 | d30LNI | d3LINI | dFzINI — = — — — — — — — — — ISIG | LAY | 2800 |ZNOOINI
0000 — | Iv40S0 | 9uaILS | WuTdaay | vuaHvn|  — = = = = = = = = — | sia1SN | 0800 | INOOINI
ﬂm_,_”wm oug Lug zug cug vug sug 9ug Lug gug 6ug | oLug | wwa | zvwa | siwa | viwg | siua | appv eM_M_z

dVIN JFLSIOFY JFTTOULNOD LdNAUILNI :g-€ 319VvL

DS39905B-page 33

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

‘[ewoapeXay Ul UMOYS dJe SanjeA 18say *,0, Sk peal ‘pajuswajdwiun = — :puaba

0000 - SOl - - 0SdMOL | 1SdMOL | 3LvOol - - - - - - aaist - NOL 0210 NOOGL
0000 - SOl1 - [448 0SdMOL | 1SdMOL | 3LvOol - - - - - - aaist - NOL 3110 NOOYL
Adad 1918169y polusd Giawi] OlLL0 Gdd
Adad 1918169y polsd puswi] ViL0 ydd
0000 Jeysibay Giawin| 8110 SHNL
0000 (Ajuo suoneuado 11g-z¢ 10}) Jaysibay BuipjoH Glawi] 91l0 | a1HSHNL
0000 Jeysibay piowi| ¥110 PHNL
0000 = SOL = = 0SdMOL | LSdMOL | ILVOL — — — — — — 7aisLt — NOL clio NOJ€EL
0000 - SOl1 - [44% 0SdMOL | 1SdMOL | 3LvOol - - - - - - aaist - NOL 0Ll0 NOOZ1
A44d 1918169y polsd giawi] 3010 €dd
A44d 1918169y polsd giowi] 0010 cdd
0000 Js)sibay giowi] V010 CdNL
0000 (Ajuo suoneuado Jawiy Hg-zZ¢ Joy) Ja)sibay BuipjoH glowi| 8010 | ATHEHWL
0000 Js)sibay ziowi] 9010 ¢dINL
0000 [ — | soL [oNast| — Josawor[isavor[awor| — | — [ — — — — [ 1ast — [ Nor | volo | NoowL
A44d 1918169y polusd |Jawi] ¢0l0 ldd
0000 Js)sibay Liowi] 0010 LHNL
wuﬂ_w_wwm oyg Lyg [41: cug v g sNg 9¥g Lyg g g 639 oL g g [4%11:] cL g vl ¥g siyg Jppy | dwen 3ji4
dVIN ¥31SI1938 J3NIL :9-€ 319VvL

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 34



PIC24FJ256GA110 FAMILY

‘lewioapexay Ul UMOYS e San|eA Josay .0, Se peal ‘pajuswajdwiun = — puaba
XXKX 18)sibay 6 anjen Jowi] 9810 | HALBDI
0000 J8)sibay Jayng g aimde) ndu| ¥810 | d4Ng6DI
0000 [OTISONAS [ LTISONAS | ZTISONAS | E1ISONAS | ¥ 13SONAS — 1VISOIEL | OI4L10l [4%e]| — — — — — — — 2810 | ZNOO62I
0000 ONDI LNDI ZNDI 3ANGOI AODI 0ID1 LIDI — — — 0713SLOI | LT13SLOI | 273S10I | 1aIs2l — — 0810 | LNOO62I
XXXX Jaisiboy g enje Jowi | 3/10 | dAL8DI
0000 Jeysibey Jayng g aunded induj /10| 4Ng82l
0000 [OTISONAS [ LTISONAS | ZTISONAS | E1ISONAS | F1ISONAS — 1VISOIFL | 91410l [4%e]| — - — - - - - V.10 | ZNOO8QI
0000 ONDI LNDI ZNDI EL\ie] NOQI 0101 LDl — - — 073SLOI | L73SLOI | 273S10I | 1aIs2l - - 8/10 | LNOO8QI
XXXX Jgisiboy / enjep Jowi | 9/10 | WINLLOI
0000 Jeysibey Joyng L aumded induj vZL0 | 4N4Lol
0000 [OTISONAS [ LTISONAS | ZTISONAS | E1ISONAS | ¥ 13SONAS — 1VISOIEL | OIYL1Dl [4%e]| — — — — — — — Z/10 | ZNOQL2I
0000 ONDI LNDI ZNDI 3ANGOI AODI 011 LIDI — — — 0713SLOI | LT13SLOI | 273S10I | 1aIs2l — — 010 | LNOQ.QI
XXKK J8)sibay 9 anjep Jowi| 3910 | HNL9DI
0000 Jg)sibay Jayng 9 ainde) ndu| 0910 | d4ng9ll
0000 [OTISONAS [ LTISONAS | ZTISONAS | E1ISONAS | ¥ 13SONAS — 1VISOIEL | OI1YL1Dl [4%e]| — — — — — — — V910 | ZNOD9QI
0000 ONDI LNDI ZNDI 3ANGOI AODI 011 LIDI — — — 0713SLOI | L13SLOI | 273S10I | 1aIs2l — — 8910 | LNOD9QI
XXXX Jgisiboy G enjep Jowi | 9910 | HINLSQI
0000 J8)sibay Jayng G aimde) nduj 910 | dNgSl
0000 [OTISONAS [ LTISONAS | ZTISONAS | €1ISONAS | ¥ 13SONAS — 1VISOIdL | 91410l [4%e]| — - — - - - - 2910 | ZNOOSQI
0000 ONDI LNDI ZNDI EL\ie] NOQI 0101 LDl — - — 073SLOI | L73SLOI | 273S10I | 1dISs2l - - 0910 | LNOOSQI
XXXX Jgisiboy  onjep Jowi | 3510 | JALYOI
0000 J8)sibay Jayng 1 aimde) nduj 0610 | dNayl
0000 [OTISONAS [ LTISONAS | ZTISONAS | E1ISONAS | F13SONAS — 1VISOIEL | OIYL1Dl [4%e]| — — — — — — — VG10 | ZNODYQI
0000 ONDI LNDI ZNDI 3ANGOI AODI 0ID1 LIDI — — — 0713SLII | L13SLOI | 273S10I | 1aIs2l — — 8510 | LNOOYQI
XXKX J8)sibay € anjen Jowi] 9610 | HALEDI
0000 J8)sibay Jayng ¢ aimde) indu| $G10 | dNgEDI
0000 [OTISONAS [ LTISONAS | ZTISONAS | E1ISONAS | ¥ 1ISONAS — 1VISOIEL | OIYL1Dl [4%e]| — — — — — — — 2510 | ZNOOEQI
0000 ONDI LNDI ZNDI 3ANGOI AODI 0ID1 LIDI — — — 0713SLII | L13SLOI | 273S10I | 1aIs2l — — 0510 | LNOOEQI
XXXX Jgisiboy g enjep Jowi | 3yL0 | JANLZOI
0000 Jgysibey Jayng g aunded induj ovl0| 4Ngeol
0000 [OTISONAS [ LTISONAS | ZTISONAS | €1ISONAS | F1ISONAS — 1VISOIFL | 91410l [4%e]l — - — - - - - VY10 | ZNODZQI
0000 ONDI LNDI ZNDI EL\ie] AOQI 0101 LDl — - — 073SLOI | L73SLOI | 273S10I | 1aIs2l - - 8710 | LNOOZQI
XXXX Jgisiboy | enjep Jowi | 97L0 | HIALLODI
0000 Jeysibey Jayng | aunded induj vPL0 | 4NgLOI
0000 [OTISONAS [ LTISONAS | ZTISONAS | €1ISONAS | F1ISONAS — 1VISOIFL | 91410l [4%e]l — - — - - - - Z¥1L0 | ZNOQLDI
0000 ONDI LNDI ZNDI 3ANGOI AODI 0121 LDl — — — 0713SLOl | L13SLOI | 273S10I | 1aIs2l — — 0¥L0 | LNOQLOI
m#_v_ﬂ.i oxg Lug zung £ng vug s¥g 9)g Lug s g 639 olLyg Lya zlyg €lyg viyg sLyg | Jppv ww___”_z
dVIN J431SI193d 34N1LdVI LNdNI :/-€ 3719vl

DS39905B-page 35

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

‘lewioapexay Ul UMOYS e San|eA Josay .0, Se peal ‘pajuswajdwiun = — puaba
XXKK Jg)si6ay 2 anjep Jowi) ¥dlo| "YNLLO0
0000 Jg)s1bay 2 asedwo) Indino caio d200
0000 Ja)s1bay Aepuooag 4 aiedwo) Indino oato Sd/.00
0000 [OT3ISONAS [ LTISONAS | ZT1ISONAS | ETISONAS [F1ISONAS | SIHLO0 | LVISOIEL | 914100 2€00 - - - ANIDO | NIIHLLT4 | LNOL14 | ANLTH (3010 [ZNODLD0
0000 O0NDO LNOO ZNOO |3ACWOIYL| 017400 — — 0L14N3 - - 0713SLO0 | L13SLO0 (273SLO0 | 1dISO0 — — |O0l0|LNOD.00
XXXK 1918169y 9 anjep Jawi L VYOIL0| "NL9D0
0000 Jasibay g asedwo) Indino 8010 d900
0000 Ja)sibay Auepuooag g aiedwo) Jndino 9010 SH900
0000 [OT3ISONAS [ LTISONAS | ZTISONAS | ETISONAS [713SONAS | SIHLO0 | LVISOIEL | 914100 2€00 - - - ANIDO | NIHLLT4 | LNOLTd | AWNLTA | #O10 [ZNOD9D0
0000 0NOO LNDO ZNOO |3AOWOIYL| 017400 — — 0L14N3 — — 013SLO0 | L713SLO0 [273SLO0| 1dISO0 — - 2010 [ LINOD920
XXXK J9)s169y G anjep Jowi ) 0010 | {N1SO0
0000 Jg)s1bay G asedwo) Indino 3d10 ds00
0000 Ja)s1bay Aepuooag G asredwo) Indino 0410 S¥S00
0000 [OTISONAS [ LTISONAS | CTASONAS | ETISONAS [F13SONAS | SIHLO0 | LVISOIYL | 914100 2€00 — — — ANIDO [NIIHLLTH | LNOL4 | AWLTH | VEL0 [ZNOJSO0
0000 0NDO LNDO ZNOO |3AOWOIYL| 017400 — — 0L14N3 — — 013SLO0 | L713SLO0 [2713SLO0| 1dISO0 — — 8410 | LNOOSO0
XXXK 1918169y § anfep Jawi 9410 | JNL¥OO
0000 Jgysibay ¥ aiedwo) Indino 410 dr00
0000 Ja)sibay Aiepuooag 7 aiedwo) indino [4s1%4) SH00
0000 [OT3ISONAS [ LTISONAS | ZT1ISONAS | ETISONAS [713SONAS | SIHLO0 | LVISOIEL | 914100 2€00 - - - ANIDO | NIIHLLT4 | LNOL4 | ANLTH | 0910 [ZNODYO0
0000 O0NDO LNOO ZNOO |3ACWOIYL| 017400 — — 0L114N3 - - 0713SLO0 | L13SLO0 (2T13SLO0 | 1dISO0 — - 3VL0 | LNOO¥OO
XXXK 1918169y ¢ anjep Jawi L JVI0| dNLEDO
0000 Jg)sibay ¢ asedwo) Indino w10 deD0
0000 Ja)s1bay Aepuooag ¢ aredwo) Indino 8v10 SHEDO
0000 [OT3ISONAS [ LTISONAS | CTASONAS | ETISONAS [F13SONAS | SIHLO0 | LVISOIYL | 914100 2€00 — — — ANIDO |NIIHLLTH | LNOLH | AL | 9VL0 [ZNOJEDO
0000 0NDO LNDO ZNOO |3AOWOIYL| 017400 — — 0L14N3 — — 013SLO0 | L713SLO0 [2713SLO0| 1dISO0 — — V10 | LINOOEDO
XXXK Jg)siBay Z anjep Jowi) ¢vL0 | dINLZOO
0000 Jg)sibay gz asedwo) indino ovio d2o0
0000 Ja)s1bay Aepuooag g aiedwo) indino 3610 SdZ00
0000 [OT3ISONAS [ LTISONAS | ZTISONAS | ETISONAS [71ISONAS | SIHLO0 | LVISOIEL | 914100 2€00 - - - ANIDO | NIHLLT4 | LNOLTd | AWNLTH | D610 [ZNOJZO0
0000 O0NDO LNOO ZNOO |3ACWOIYL| 017400 — — 0L114N3 - - 073SLO0 | L713SLO0 (2T13SLO0| 1dISO0 — - V610 | LNOOZOO
XXXK 1918169y | anjep Jawil 8610 | HWALLOO
0000 Josibay | asedwo) Indino 9610 d100
0000 Ja)sibay Auepuooag | aiedwo) indino 610 Sd100
0000 [OT3ISONAS [ LTISONAS | ZTISONAS | ETISONAS [ 713SONAS | SIHLO0 | LVISOIEL | 914100 2€00 - - - ANIDO | NIHLLT4 | LNOL4 | ANLTA | 26L0 [ZNODLOO
0000 0NDO LNDO ZNOO |3AOWSOIYL| 017400 — — 0L14N3 — — 013SLO0 | L13SLO0 (2713SLO0| 1dISO0 — — 0610 [ LNODLOO
sjasay aweN
. oxng Lug z2ng €¥g vyg syg 939 Lyg 8ug 639 oL ¥g g 4%t ] €L 1g vi¥g | GL¥ug |JIppv a4
dVIN 431S193d JHVdINOD LNdLNO ‘g-€ 31avl

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 36



PIC24FJ256GA110 FAMILY

‘[ewIoapeXaY Ul UMOYS 8Je SanjeA 19say *,0, Se peal ‘pajuswsa|dwiun = — rpuabo

0000 19)s169Y YSe|\ ssaippy — — — — — — 0420 | MSINEDZI
0000 19)s169Y ssalppy — — — — — — V.20 | aaveodi
0000 491 494 M S d v/a JAeler4| JO0OMI | 0Ldav | 1v1SO9 109 - — - 1VISHL | IVISMOV | 8120 | Lv1S€Oll
000T N3S N3ISYH N3d N3OY NIMOV | LAMOV | NIHLS | N3IOO N3INS | MIssIa NOLY N3IINCI | 1347108 | 1AISOZI — N302I 920 | NOOEOZI
0000 198169y Jojesauan) ajey pneg = = = — — — — .20 | ©4gedll
A300 1938169y Hwsuel| = = == s — — — — ¢.20 | NY1e0ocl
0000 1918169y aA19009Y = = == s — — — — 0420 | AD¥EDZI
0000 19)s169Y YSe|\ ssaIppy — — — — — — 0120 | MSINeOZI
0000 19)s169Y Sssalppy — — — — — — V120 | aaveodl
0000 491 494 M S d v/a NOOCI JO00MI | 0Ldav | 1v1SO9 109 - — - 1VISHL | IVISMOV | 8120 | 1v1Sc2Oodl
000T N3S N3ISYH N3d N3OY NIMOV | LAMOV | NIHLS | N3IOO N3INS | MIssIa NOLY N3IINCI | 1347108 | 1AISOZI — N302I 9120 | NOOZOZI
0000 198169y Jojesauan) ajey pneg = = = — — — — 120 | 944927l
A300 1938169y Hwsuel| = = == s — — — — Zlc0 | Nd1eocl
0000 I ENETEREN] = = = = — — — — 0120 | ADYZOZI
0000 19)s169Y YSe|\ ssaIppy — — — — — — 0020 | MSINLOZI
0000 1918169y Sssalppy — — — — — — Y020 | aavliodi
0000 491 494 M S d v/a NOOCI JO00MI | 0Ldav | 1v1SO9 109 - — - 1VISHL | IVISMOV | 8020 | 1v1SLOZI
000T N3S N3ISYH N3d N3OY NIMOV | LAMOV | NIHLS | N3IOO N3INS | MIssIa NOLY N3IINCI | 1347108 | 1AISOZI — N30O2I 9020 | NOOLOZI
0000 19169y Jojesauan) ajey pneg = = = — — — — 020 | ©4d107Zl
A300 J9)s169y Hwsuel| = = == s — — — — 2020 NY1L0¢l
0000 1918169y aA19009Y = = — = — — — — 0020 | ADY¥LOZI

sjosay saweN
e oug L yg [ 11:] €ng (2| sug 99 Lng 8 g 639 oL ¥g L yg 4% €L g vi¥g siLyg ippv a4

dVIN d31SI193Y .l ‘6-€ 319Vl

‘[ewioapexay Ul UMOUS e SaNjeA Josay .0, Se peal ‘pajuswajdwiun = — puaba

XXXK 1918169y 6 anfep Jawi L 8310 | HINLEDOO
0000 Jasibay 6 asedwo Indino 9310 d600
0000 Ja)sibay Auepuooag g aiedwo) indino 310 SH600
0000 [OT3ISONAS [ LTISONAS | ZTISONAS | ETISONAS [71ISONAS | SIHLO0 | LVISOIEL | 914100 2€00 - - - ANIDO |NIIHLLT4 | LNOLT4 | ANLTA | 2310 [ZNOD620
0000 O0NDO LNOO ZNOO |3ACWOIYL| 017400 — — 0L114N3 - - 073SLO0 | L713SLO0 (2T13SLO0| 1dISO0 — - 0310 | INOD6D0
XXXK 19)si6ay § anjep Jowi) 3dl0| HNL8D0
0000 Jg)sibay g asedwo) Indino 0dlo 4800
0000 Ja)s1bay Aepuooag g asiedwo) Indino vdalo Sd800
0000 [OTISONAS [ LTISONAS | CTASONAS | ETISONAS [F13SONAS | SIHLO0 | LVISOIYL | 914100 2€00 — — — ANIDO |NIIHLLTH | LNOLH | AWLTH | 8dLO [ZNOJ8D0
0000 0NDO LNDO ZNOO |3AOWSOIYL| 017400 — — 0L14N3 — — 073S100 | L73S100 | 2713S1O00| 1dISO0 - — 9d10 | LNOO8D0

sjasay aweN
. oxg Lug zng £¥g vig syg 93g Lyg s g 639 oL ¥g g 4% ] €L yg ving slyg | Ippv a4

(@3INNILNOD) dVIN ¥31SI93Y FYVHINOD LNdLNO ‘g-€ 31avl

DS39905B-page 37

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

‘[BwIo8pEeXaY Ul UMOYS BJe SanjeA 19say *,0, Se peal ‘pajuswsa|dwiun = — :puabo
0000 Jayng 91909y pUE Jiwsuel] 88¢0 4Nngelds
0000 | N34dIdS | 3dIdS - — — - — - — - — — - 10d4IdS | dsdidS | NIWYd | #820 | ZNODEIdS
0000 | 03¥dd 13¥dd | 034dS 134dS | 234dS | NILSW dMO N3SS MO dNS 913A0N | 0OdssId | MossId - — - 2820 | LNOOEIdS
0000 | 494IdS | 491IdS | 0713SIS | L13SIS | ¢13SIS | LdAXYS | AOYIdS | LdINYS | 0034IdS | 1034IdS | ¢0349IdS - — adaisids — N3IdS 08¢0 1VISEIdS
0000 lajing aAI809y pue jiwsuel | 8920 4Nacids
0000 | N34IdS | 3dIAS — — — — — — — — — — — 70d4dIdS | dS4dIdS | NINYL | ¥920 | ZNODZIdS
0000 | 03¥dd 13¥dd | 034dS 134dS | 234dS | NILSW dMO N3SS MO dNS 913A0N | 0OAssId | MossId - — - 2920 | LNOOZCIdS
0000 | 494IdS | 491IdS | 0713SIS | L13SIS | 213SIS | LdAXYES | AOYIdS | 1dINYS | 0034IdS | 1034IdS | 20349IdS — — Iaisids — N3IdS 0920 1V1SZldS
0000 Jayng 91909y pUuE Jiwsuel] 8¥¢0 dnglids
0000 | N34IdS | 3dIAS — — — — — — — — — — — 70d4dIdS | dS4IdS | NINYL | v#20 | ZNODLIdS
0000 | 03¥dd 138dd | 03¥dS 134dS | ¢34dS | NILSW dMO N3SS EN o] dNS 913A0W | 0OdssId | ¥ossId — - — ¢vc0 | LNOOLIdS
0000 | 494IdS | 491I1dS | 0713SIS | L13SIS | ¢13SIS | LdNXYES | AOYIdS | LdNYS | 0039IdS | 1034IdS | ¢0349IdS — — adisids — N3IdS 0¥20 1VISLIdS
mum_w_m%m o¥yg L g A1) eng v g syg 9 g Lyg 8 g 639 ol ¥g L yg Zlyg €Lyg vi ¥g sLyg Ippv o“_.”_z
dVIN 431SI193d IdS  -LI-€ 319Vl
‘[ewioapexay Ul UMOYS aJe sanjeA 18say "0, Se peal ‘pajuswajdwiun = — puaba
0000 Js|easald Jojesauan) ajey pneg 8920 odarn
0000 J)siBay an@0eY = s == — — — — 9920 OFHXHYN
XXKK J8)s1Bay Jwsuel | = = == == — — — 920 93dX1yN
0TTO | vaxdn d430 RSISEE] Hd3d 1A N3IAav |0713sIXdn|L13sixdn| LAYL 4aX1n | NIXLN | MEaxin - 0T3SIXLN | ANIXLN | L713SIXLN | 2¢9¢0 V1Svn
0000 73SLS | 0713SAd | L13SAd | HOYd ANIXH anvav | Movadl INVM ON3N IN3N - Ans1y N3 aaisn — N3ldvn | 0920 3A0ONYN
0000 JIa|BoSald JojeIauas) ajey pneq 8620 odgen
0000 J)s16ay an@0eY = s == — — — — 9620 O3HXHEN
XXKK J9)s1Bay Jwsuel | = = == == — — — G20 o3dX1en
0TTO | Vaxdn d¥30 pISEE] dd3d 37ard N3IAAv |073SIXdN [ L13SIXdIN | LAYL d4aGXLN | NIXLN | Mdgaxin - 073SIXLN | ANIXLN | L713SIXLN | 2520 visen
0000 73SLS | 0713SAd | L13SAd | HOYd ANIXH anvav | Movadl INVM ON3N IN3N - ans1y N3l aaisn — N3Lldvn | 0520 3A0ONEN
0000 JI|BOSald JOjeIauas) ajey pneq 8€20 oddgen
0000 J19)s169y an809Y = = — — — — - 9€20 93dXdeN
XXKK J)s1Bay Jwsuel | = = == == — — — €20 93dX1len
0TTO | Vaxdn d¥30 pISEE] dd3d 37ard N3IAAv |0713SIXdN [ L13SIXdAN | LAYL 4aGXLN | NIXLN | Mdgaxin - 073SIXLN | ANIXLN | L713SIXLN | €20 v1isen
0000 73SLS | 013SAd | L13SAd | HO¥d ANIXH anvay | Movadl IMVYM ON3N IN3IN — ans1y N3 aaisn — N3ILHvN | 0€20 3Aonezn
0000 JI|BOSald JOjeIauas) ajey pneq 8220 oddln
0000 J19)s169y an809Y = = — — — — - 9220 OFdXdLN
XXKX Ja)s16ay Nwsues | = = = — — — — ¥2c0 OFIX1IN
0TTO | vaxdn d¥30 pISEE] dd3d ERleS] N3IAAv |073SIXdN [ L73SIXdN | LAYL d4aGXLN | NIXLN | Mdgaxin - 073SIXLN | ANIXLN | L13SIXLN | <220 visin
0000 13SLS | 013SAd | L13sdd | HO¥d ANIXY anvay | Movad IMVYM ON3N ININ - AnsLy NI Jaisn - N3ILHVN | 0220 3AONLN
ﬂm_w_ﬂwm oxg Lug zug €ug vug sig 93g Lug 8g 639 oLxg g zZlyg €L yg viyg siyg Ippy ow___.“_z
dVIA 431SI193d 1dvn  0l-€ 319Vl

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 38



PIC24FJ256GA110 FAMILY

"0, Se peal ‘sa0iAep uld-49 Uuo pajuswa|dwiun aie sjig L 90N
"$e0IAep UId-QQ | JO} 81 UMOYS SON[EA 18S9y “[BWIDSPEXSY Ul UMOYS 8Je SanjeA 1asay .0, Se peal ‘pajuswajdwiun = — :puabor]
0000 0aao 1aao ¢aao €aado ¥ado 6aao 9aao ,aado 8Qdo 6ado olaao LLaao ¢laao | €ilaao | viaao | siaao 3aco aosao
XXXX 0dLvi 1ALV caivi €aLvi valv Saivi 9d1v1 2d1v 8d1v1 641V 01ALv1 | Lidlvl | 21alvl | €1alv] | vidlvl | S1dlv 0dco aivi
XXXX 0ad 1ad cay €ad vad Sad 9ad ,ad 8ad 60y oLay 11ay cLay €1ay v1ay S1ay vaco aldod
d444 | 0dSIdL | LASIYL | 2¢ASIdL | €dSIdL | vASIYL | SASIYL | 9ASIYL | ZdSIYL | 8dSIYL | 6dSIYL | 0LASIYL | LLASIYL | 2LASIYL | €LdSIYL | ¥1ASIYL | S1ASIY¥L | 8Ac0 asidL
sjesay aweN
v oug Lug zug cug vug sug 9¥g Lng gug 6ug | ovyg | wng | zLva | gerng | riwua | )skua | 1ppv o4
dVIN 43181934 dldod :G1-€ 319VL
"T = )1q uoneinbyuod NAOIDSO Ul pue 00 40 TT = sjqg uoneinbyuod 0ANOSOd: L ANDSOd usym ajqejieae Ajuo st GLOY 14
.0, Se peaJ 8sImIayjo (00 4O TT = s}jiq uonenbyuod 0aINDSOd:LANDSOd) Pelos|es SsI apow D Uaym Jo pajgesip s! 10je||1oso Alewid ay) usym a|gejieAe Aluo aie GLOY pue ZLoY ¢
"0, Se peal ‘seoiasp uld-{9 Ul pajuswa|dwiun aie syg z
"0, Se peal ‘saoinep uld-0g pue uid-9 ul pajuswsldwiun ale sjg 1 9N
"$90IAep UId-QQ | JO} 81 UMOYS SON[EA 18S9y “[BWIDSPEXSY Ul UMOYS 8Je SanjeA 1asay .0, Se peal ‘pajuswajdwiun = — :puabor]
0000 — 10do 20ao €0d0 ¥0d0 - — — — — — - ¢10ao | €10ao | ¥10Aao | sLoao 9dco 00do
XXXX — 101V ¢o1vi €01v1 YO1v1 - — — — — — - CLlO1v1 | €101V | ¥LOLVT | SLOLVT ¥Aco O1v1
XHXX = 10y Z0Y £0Y 0y = = = = = = = ©208 | €108 | ¥LOM |geGl0d| 2az0 | ol¥od
a104d - LOSIYL | ¢OSIdL | €0SIdlL | ¥OSIdL — - - - - - — CLOSIdL [ €1OSIYL | ¥1OSIdL | §LOSIdL | 0dc0o OSIdL
sjesay aweN
. oug | g | g | gEna | yvua | sug 9ug Lug sug 6ug | orug | wug | zing | ciug | viwg | siug | Ippv o4
dVIN 431S193d 0140d :¥I-€ 319Vl
‘lewoapexay Ul UMOYS 81e san|eA }osay :puabor]
0000 09do0 19ao 2ddo0 €4do ¥9Aa0 S9ao 949d0 /9a0 89d0 649d0 01L49do 119do claao €189do ¥19d0 S149do 3020 g40d0o
XXXX 04a1v1 1a1v1 2ga1v €41V ya1vi Sa1v 941V 291v1 841V 691V 0Lglvl | Likglvl | 2lglvl | €191V | vlglvl | G191Vl 0020 a1v
XXXX 0gy Ly cgy €gy a4 Sgay 949y JASHS| 849y 694 oLgy Lay cLay €18y yiay Slay vOc20 g140d
d444 09SIdL | LESIYL | 29SIdLl | €9SIdL | ¥9SIdL | S9SIYL | 99SIdLl | 29SIdLl | 89SIdLl | 69SIdL | 0LESIYL | L1GSIYL [ 2LESIYL | €LE9SIYL | ¥1E9SIdL | GLESIHL | 8020 asidL
sjesay aweN
™ 03¥g 1 yg z2yg €3g vig syg 919 Lyng 8 g 639 oL¥g L ng 4% ]1:] €Lig v ng sLyg 1ppv alg
dVIN 431SI1934 9140d  :€1-€ 319VL
"0, Se peal 8simIay}o ‘Ajuo ssolnep uid-00| uo pajuswsaldwi ale sig g
‘pojou BSIMIBY)O SSajuN ‘Ajuo saoiAsp uid-0Q | pue uid-0g Uo d|ge|ieA. aie sjig .0, SB peal Pue SadIAap Uid-$9 Uo pajuswajdwiun aJe Sjq PoJeIoosse ||B pue VIHOd i} 9JoN
"se0IAep UId-QQ | JO} 81 UMOYS SON[EA 18S9y “[BWIDSPEXSY Ul UMOYS 8JB SanjeA 1asay .0, Se peal ‘pajuswajdwiun = — :puabor]
0000 ovao lvao Zvao €vao yvao Svao 9vao /vao — 6vYAao 0lvao - — - 7lvdo S1vdo 90¢0 vOodo
XXXX OVLv1 LV1V1 A\ A EVIV PVLV SVLV OVLIV JANA — 6VYLV1 0LV1v1 - — - VIVIV | SLVLV] 020 ViV
XXXX ovyd vy [As| €vy yvd Svd vy JAS| — 6vd 0lvy - — - vy Sivd 20¢0 Y140d
A49¢ OVSIYL | LVSIHL | ZVSIdL | €VSIYL | PVSIHL | GVSIHL | 9VSIdL | ZVSIdL - 6VSIdL | 0LVSIHL — — - 7IVSIdL | SIVSIHL | 0020 VSIdL
sjasay aweN
Iy | @OME | kNS | @THE | ENE | @v¥E | @SHE | 9NE | piuE | 8E 6ug | owwg | wug | zivE | eiNd | viME | Suwg | PPV | T
dVIN J3LSIOFY V1d0d :Z1-€ 319Vl

DS39905B-page 39

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

‘[ewioapexay Ul UMoYs aJe sanjeA 18say *,0, Se peal ‘pajuswsjdwiun = — :puaba
0000 JLldANd | 13S03S1d — — — — - - - — — — — — — — 0420 | 1940avd
S}osay aweN
™ oug L yg [ ll:] € ng v ug s g 9Ng Lyg 8 g 6 Hg oL ¥g L yg Zlyg €l yg 4% 1] sLyg | Jppv a4
dVIN ¥31SI934 NOILVINOIINOD avd :61-€ 3719VL
*.0, se peau ‘saoinap uid-0g pue uid-19 ul pajuswaldwiun aie sjg !l 90N
'$90IA8p UId-00 | 10} 8JB UMOYS SONeA 18S9y “[ewIospexay Ul UMOYS aJe SenjeA }osay °,0, Se peal ‘pajuswedwiun = — :puaba
0000 09d0 19ao ¢9do €900 — — 9900 /900 8900 6900 — — ¢loao | €900 | ¥194a0 | S194d0 | 9420 9040
HXHXX 091V 191V ¢O1v €O1V1 — — 991V 191V 891V 691V — — ClOLV1 | €191V | VIOLVT | G191V | ¥420 O1v1
HXHXX 09 19d [43)<] £€9d — — 99 1L9Y 89 69Y — — 433} €19d 194 G194 ¢420 | 914d0d
d0€d | 09SIHL | LOSIHL | 2OSIHL | €9SIYL — — 99SIdLl | /9SIdl | 89SIHL | 69SIdL — — CLOSIYL [ €LOSIYL | 7LOSIYL | SIOSIYL | 0420 OSIYL
S}esoy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 SuieN
™ wo¥g [OLRA: | A1) ¢yg jZll:| s g 9 g Lng 8 ug 639 oL ¥g L yg werHg | pyerva | (yriug | (s ¥g PPV a4
dVIN ¥31SI934 9140d :81-€ 319Vl
'.0, se peal ‘saolnap uld-9 ul pajuswsaldwiun alte sig g
',0, se peal ‘saoinep uid-0g pue uid-9 ul pajuswsajdwiun aie sig ) 9)ON
's90IAap UId-00 | 10} BIB UMOYS SONeA }9say ‘|ewldapexay Ul UMOYS aJe SaNnjeA }asay °,0, Se peal ‘pajusws|dwiun = — :puabo
0000 040 14do 24d0 €4d0 ¥4A0 §4do 94Ado /440 84Ad0 - — — ¢l4ao | €14ao - - 33¢0 4000
XHXX 041v1 141V 241V €41V IEINA S41v1 941v1 241V 841V - — — 241V | €141V - - 0320 41v1
XHXX 044 14 ¢4y €4y 744 eE NS 944 /44 84y - — — [4EL] €ldd - - V320 | d4140d
A4TE 04SIdL | 14SIYL | 24SIdl | €d4SIdL | v4SI”dL | S4SIYL | 94SIdl | Z4SI™¥Ll | 84SIdL - —- —- ZldSIdl | €1d4SIdL - - 8320 4SIdL
Sjosay awepN
e oyg Lyg zug eg vuga s¥a 9 g L ¥4 z)8 ¥4 639 oL g L yg werna | e va L 3g Sl g ppv sl
dVIN 43181934 4140d  :ZI-€ 319VL
*,0, se peal ‘saoinep uld-9 ul pajuswaldwiun ale s)g Il 9JoN
's90IA8p UId-00 | 10} BIE UMOYS SONeA }9say ‘[ewIdapexay Ul UMOYS aJe SanjeA }asay °,0, Se peal ‘pajusws|dwiun = — :puabo
0000 03dao 13A0 ¢3a0 €300 300 §3a0 9300 /300 8300 6300 — — — — - - 93¢0 304d0
XHHX 03Lv1 131V 23iv1 €31V 731V S31v1 931V /31v1 831V 631V — — — — - - ¥320 31v1
XHHX 03y 134 23y €3y 734 93y 93y /34 83y 634 — — — — - - ¢320 | 314Y0d
4I€0 03SIdL | L3SIYL | 23SIdL | €3SIdL | $3ISIYL | S3ISIYL | 93SIYL | Z3SIYL | 83SI¥L | 63SIHL - - - - - - 0320 3SIHL
sjasay aweN
e oyg Lyg A ll:] eg vuga s¥a 9 g Lng 8 na ()6 19 oL g L yg i g €Lig i yg sl g ippv all4
dVIN 43181934 3140d :91-€ 319Vl

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 40



PIC24FJ256GA110 FAMILY

‘lewioapexay Ul UMOYS aJe San|eA Josay .0, Se peal ‘pajuswajdwiun = — puaba
0000 — — — — — — — — 0ONYI LONYI ONIALI LAIRALL | 2WNIFLE | €L | PINRELE | SINTELTE | 3E€€0 | NODININLD
0000 |1VISIDAT | 1VLSZOAd [073S1OA3 | L13SLDA3 [10d1D9d3 [0713S29d3 | L13S2OAaT [ 10d29a3 | O1Y.LLD | NISSIAl [NFOISOAT | NIOAT | NIOL |1dISNNLD | —  |NINWLD | D€€0 | NOONNLD
sjosay aweN
I o¥g Lug chng €ng vyg sug 9ug Lyg 8¥g 649 oL ¥g Lyga | ziyg €L yng viyg | si¥g | Jippv a4
dVIN 43181934 NNLD  -lg-€ 319Vl
‘|ewioapexay Ul UMOYS aJe sanjeA 18say .0, Se Ulejulew ‘paAiasal = J “,0, Se peal ‘pajuswajdwiun = — :puaba
0000 | 91SSO L1SSO - — — — — - - - - — — — — - 2€€0 HSSolLav
0000 | 07SSO 11SSO ¢SSO €71SSO 1SS0 G1SSO 971SSO /L1SSO 871SSO 61SSO | 0LISSO | LLISSO | ZL1SSO | €L71SSO | #L1SSO | GLI1SSO | 0€€0 assolav
0000 | 91940d | £1940d — — — — — — — — — — — — — — VZeo | HO40dLav
0000 | 0940d 1940d | 2¢940d | €940d | #940d | §940d | 9940d | 2940d | 8940d | 6940d | 01940d | L940d | 21940d | €1940d | ¥1940d | §1940d | O2¢€0 | 1940diav
0000 | OVSOHO | LVSOHD | ZVSOHO | €VSOHO | ¥VSOHO — — VNOHO | 09SO0HO | L9SO0HO | 29S0HD | €9S0HO | ¥9S0HO — — gNOHO 82¢€0 0SHOlav
0000 | 0SOAV | 1SOAV | ¢SOAV | €S04V | $#SOAV | §SOAV | 9S0QV | /SOAV | 0OONVS | LOWVS | ZONVS | €EONVS | YONVS | | odav ¥2€0 ENOOLav
0000 S1v n4nga OIdNS LIdINS CIdNS CIdNS — Sdng - - VNOSO — _ 0940A | L940A | 2940A 2ce0 ZNoQLav
0000 3aNoa dIVS NVSY — - 00dSS LOYUSS | 2OUSS | ONYO4 | LINYOA — - - aaisav - NOav 0ce0 LNOOLavY
XXKK G| Jayng eleq DAV 31€0 | 44N9L0av
XXXX 1 Jayng eleq DAQv Jle0 | 3dNgLoav
XXKK €1 Jayng eleq Qv Yi€0 |[dd4ngLoav
XXKK 2\ Jayng eleq DQv 81€0 | O4NgLoav
XXKK L1 Jayng ejeq 0QV 91€0 | 94ngLoav
XXKK 0l Jayng eleg DaAv ¥1€0 | vdNgdLoav
XXXK 6 layng eleq Oav ¢le0 | 64N9LOAv
XXXK g layng eleq Oav 0L€0 | 84N9LOAVY
XXKK / Jayng eleq OQv 30€0 | Z4NgiLoav
XXX 9 Jayng eleq OQv 00€0 | 94Ng10av
XXKK G layng ejeq 0Qv Y0€0 | §4NgLO0av
XXKK ¥ Jayng eleq OQv 80€0 | ¥4NgLO0AVv
XXXK € layng eleq Oav 90€0 | €4n9LOoAv
XXXK Z layng eleq Qv ¥0€0 | ¢4N9LO0av
XXKXK | Jayng ejeq DAV 20€0 14NgLoav
XXKK 0 Jayng eleq OQv 00€0 | 04NgLOAVv
s}osay aweN
v oug L yg zng €ng 2| s g 9Ng Lyg 8 g 639 oL »g g 4%k | €l yg i yg sLug ppv a4
dVIN 43181934 0AVv :02-€ 319VL

DS39905B-page 41

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

‘fewidapexay Ul UMOYS 8le SaNnjeA 19Say "0, Se peal .U®~C®E®_QE_C3 =— "mv—._wmwl_
0000 1015160y JINsey DHO 9v90 | Lvamodo
0000 Jeys169y ndu elRg DHO vp90 | 1vaodo
0000 — IX X ex X SX ox IX 8x 6X 01X X ZiX e1X yIX siXx | zvoo | udoxoud
0700 | ONI1d | INITd | 2NI1d | eNTId | 09080 | —  [L1dwouo | 1n4090 |oadoma|Ladoma|zadoma |eadoma] radoma| 1aiso — — 0v90 | NODOHD
wx_w_woz ong Lug zug eng yag sug 9ng Lyg gng 6ng | orua | wuna | ziwa | erug | ving | siua | 4ppv ww____mz
dVIN ¥31SI938 280 :69¢-¢€ 319Vl
‘[BWIOBPEX8Y Ul UMOYS 8JE S8Nn|eA 18say *,0, Sk peal ‘pajuswajdwiun = — :puaba
0000 | OHOO | LHOD — — 4340 — Jo10dna]110daa| 1noo | 1a30 — — — 1040 | 309 NOO | 8e90 | NOoEwd
0000 | OHOO | LHOD — — 4340 — |o10dna|110daa| 1noo | 1a30 — — — 1040 | 309 NOD | 9€90 | NOOZWD
0000 | OHOO | LHOD — — 4340 — |o10dna|110daa| 1noo | 1a30 — — — 1040 | 309 NOD | ¥£90 | NOOLWD
0000 | OMAD | LHAD | 2HAD | €dAD | SSHAD | WHAD | 3OMAD | NIWAD | — — — — — — — — Z€90 | NODYAD
0000 | 1nOLD | 1N0Zd | LNOED — — — — — 1A3LD | 1A32D | 1A3€D — — — JaIND | 090 1VLISIND
wx_._woz ong Lug zng eng yag sng 9ng Lng gng 6na | orug | wuna | zivg | erna | viwng | sing | appv aw_h_mz
dVIN ¥31SI938 SYHOLVIVAINOD :¥¢-€ 31aVL
‘fewidapexay Ul UMOYS aJe SanjeA 19say *,0, Se peal .U@wC@EG_QE_CJ =— "—u—._wmwl_
0000 | 0v0 | 1vD [ zv0 | €0 [ vwo | svd | 9vO | 21vO | 0M1dOLM | 1M1dOLY | 300LM [O3S4TvH |ONASOLM [NFumord| — | N3OLM [ 9290 | w0940y
XxxX <0:1>H1dOLH U0 paseg mopuip Jaisibay onfeA D01 ¥290 | WAOLY
0000 | 0Ld¥V | LiddY | ZLduV | €lddv | viddv | Glduv | 9lduv | ZLduv [0dLdWHTV| LaLANTY | OMSYINY | IMSYIY | ZYSVIY | eXSYAY | JWIHO | NWdTV | 2290 | 1ddod01v
XxxX <0:1>HLdWHTV UO paseg Mopui Jajsibay anjeA uuepy 0290 | VAWMV
mmﬂwm oug Lug zva e yug sng ong Lng gug 6ug oLug wra | zina eLug viva | sina |Jppv ow____m_z
dVIN ¥3LSIDIY ¥VANITVO ANV YO0 INIL-TVIY  (€2-€ 3718Vl
‘fewidapexay Ul UMOYS 8le SanjeA 19SayY "0, Se peal .U®~C®E®_QE_C3 =— "mv—._wmwl_
0000 | 3080 | 380 | Femo | 3e=o — — dngo | 380 Hogl di8l dz8l degl — — Aol da1 | 3000 | L1viswd
0000 | ONALd | IN3Ld | ZN3Ld | €NILd | $N3Ld | SNILd | ONILd | ZN3Ld | 8N3Ld | 6N3Ld | OLNILd | LINALD | 2iNILd | €iN3Ld | pIN3Ld | SINALD | D090 |  NaVINd
0000 (€ pue z sioung) z Ja1s16oY U| B)EQ LOd [9l[esed V090 | ZNIQWd
0000 (1 pue 0 s1oyng) | Ja1sIBoY U| B)EQ LOd [9l[eied 8090 | INIGWd
0000 (€ pue z sieyng) z JalsiBoay INO Eleq Hod follesed 9090 |zLnoand
0000 (1 pue o s1oyng) | JalsiBoy INO E1eq Lod ollesed 11NOand
0000 | o¥aav | wdaav | zyaav | edaav | vdaav | suaav | 9daav | sdaav | sdaav | edaav |oidaav | iwaav | zidaav | ewwaav | 1so zsO | v090 | Waavid
0000 | OZLIVM | LALIVM | ONLIVM | LNLIVM | ZWLIVA | eWLIva | ogLivam | LaLivm | o3aow | tacow [9i3aom| owoNi | LwoNI | owodi | twodl | Asna | 2090 | 3aownd
0000 | dsad | ds¥m | d3s diso | deso dv 04SD | 14SD | N3adld [NIdmld| N33aLd | oxnweay | Lxnwday | 1aisd — | N3awd | o090 | Noowd
wx_w_wwz ong Lag zug eg v g sng 98 L8 g g 6na | oLng g zing | eing | ving | siwa | appv ww____mZ
dVIN ¥31SI193Y 140d FAVIS/HILSVIN 13TIVHVd  :2¢-€ 319VL

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 42



PIC24FJ256GA110 FAMILY

"0, Se peal ‘saoinap uid-0g pue uid-#9 ul pajuswsjdwiun aie sug g

*.0, Se peal ‘seolAsp Uld-$9 Ul pejuswsidwiun sse sjyg L 9JON
‘fewidapexay Ul UMOYS ale sanjeA 19say °,0, Se peal .U@uC&EG_QE_CJ =— "—u—._wmwl_
0000 | 0MOESAM | LHOEdYM | 2HOEdM | £M0EdM | vMOSdY | SHoSdY = — | OHIEdY | )l HIEdY | (2HLEdY | EULEDY | Pdledt | godledd |  — — | 3a90 | siy0dy
0000 | 0M8ZdM | LugedY | 2u8zdY | eMgzdY | vuszdY | Suszdd = = 0d6ZdY | LM6ZdY | Zd6zdY | £u6ZdM | vM6edY | Subzdd = — | 0a90 | viyOdY
0000 | 0M9ZdM | 1MOZdY | ZM9ZdY | £MozdY | vM9zdY | SH9ZdM = = 0M/zdd | LM/zdY | zdlzdY | edizdd | vdledd | s¥izdd = — | vaso | eryody
0000 | OMYZdM | Luvedy | 2uvedy | suvzdY | vuvedd | Suvzdd = = 0MGZdY | LMSZdY | ZuSZdY | £MSZdM | vMSed | SuSzdd = — | 8a%0 | zi¥odY
0000 | OMZZdM | LMzedY | 2uzzdY | sMzzdY | vdzedy | Suzzdd = = 0MEZdY | LMEZAY | ZuszdY | £MEZdM | vdeedy | suEzdd = — | 9a90 | LLHOdY
0000 | 0M0ZdM | LHOZdY | 2H0ZdY | £M0zZdM | vMOzdY | SHozdM = = 0dlzdd | LMlZdY | Zdlzd | edizdd | vdledd | sdlzdd = — | va% | oryody
0000 | OM8lLdM | Lu8LdY | 2u8LdY | £M8LdY | vM8ldY | SHsLdY = = 0d6LdY | LMBLdY | Zd6LdY | £HBLdM | YMELdY | SuBLdM = — | za% | ey0dy
0000 | 0MOLdM | LHOLdY | 2H9LdY | £H9LdY | vM9LdY | SH9LdY = = 0dZLdM | LMLdY | ZdlldY | edlldd | vdiLdY | S¥Zldd = — | 0a% | s8yOdY
0000 | OMPLdM | LavLdY | 2upldY | SdvidY | pibldY | Supldd = —  [()0ouSLdd | (yleSLdY | ()2HSLdY | ()EUSLAY | (yPuSLdY | ()GuSLdY | — — | 3090 | zv0dY
0000 | OMZIdM | LHZLdY | 2uzldY | sMzZidY | vuzidY | Suzidd = = 0MELdY | LMELY | ZdSldY | SMELdM | pMELdY | SHELdY = — | o090 | 9uody
0000 | OMOLAM | LMOLdY | 2MO0LdY | €HOLdM | pMOLdY | SHOLdY = = odlldy | LMLLdY | 2ulldd | €dildY | vMLLdY | SulldY = — | vo9o | suOdY
0000 | OM8dM | LM8dM | zM8dM | €M8dM | vusdM | SusdM = = 0d6d | LM6dY | ZM6dM | £uBdM | PMEdM | SH6dM = — | 8090 | ¥¥OdY
0000 | 0MOdM | LM9dM | 2M9dM | €Hodd | vModM | SHodM = = OdldM | LMIdY | 2dldY | edidM | vdidY | SdidM = — | 9090 | eyOdY
0000 | OMpdM | LubdM | 2ubdd | €dbdd | vuvdd | SHpdd = — | ()OuSdY | (ylASdY | ()2HSdY | ()EUSAY | (yrdSdY | (yedsde | — — | 090 | zy0dY
0000 | OMzdM | LMzdd | zMzdd | eMzdd | vdedd | Suzdd = = OMEdM | LMEdM | zdedM | eMEdd | vMedd | Sdedd = — | z0%0 | 1¥OdY
0000 | 0MOdM | 1MOdM | zMOdM | €M0dM | vModM | SHodM = = odidd | LMldY | zdldd | edldd | vdldY | SHidd = — | 0090 | o¥OdY
JE00 | OMESS | LMESS | 2MESS | €MESS | vMESS | SMESS = = = = = = = = = — | va90 | 6zuNIdY
4€00 | OMEIOS | LMeIds | z¥elds | euelds | vdeids | suelds = = 0MEMOS | LMEMOS | ZHEMOS | SHEMOS | WMEMOS | SHEMOS = — | 8390 | SzuNIdY
Jede | oMXHPN | LUXHPN | 2uXErn | edxurn | vaxeyn | suxuyn = — | 0dS1OvN | LYSLOVN | Z4S1OVN | e4SLOVN | PuSLOVN | Suslovn | — — | 9390 | lzuNIdY
dedE | 0MZSS | LMZSS | zMzSS | euzSs | vMzss | Suzss = = = = = = = = = — | 3veo | czuNIdy
aede | 0M2I0S | 1¥ZIaS | zuzids | edzids | vMzias | suzids = = 0MZM0S | LH2M0S | 2u2M0S | £MzyOS | wMeMOS | SHzy0s = — | ov9o | zzuNidy
acac | OMISS | LMISS | 2MISS | €MISS | vHlSS | SMISS = — | 0dSLOEN | LYSLOEN | Z¥S1OEN | MSLOEN | PSLOEN |S¥sloen |  — — | w90 | LzuNidy
JedE | 04LIAS | 1HLIAS | zylids | €41IdS | vMLas | syuds = = 04IOS | LHIMOS | 2HIMOS | SMIMOS | #MIMOS | GHIMOS = — | 8vo0 | oOzuNIdY
Jede | odxyzn | Luxezn | zuxyzn | edxdzn | vuxdzn | suxyzn = —  |oys1ozn | 1¥S10ZN | 2¥S102N | £dS10zN | PuSLOzN |sHslozn | — — | 9vo0 | 6LuNIdY
Jede | odxHLN | LUXHLN | 2uXHLN | edxdln | vaxdLn | suxyLn = — | 09S1OLN | 1¥SLOILN | Z4¥S10LN | €dSLOLN | pSLOIN [ s¥s1on | — — | vvoo | sLuNIdY
004€ — — — — — — = = ouXHEN | LXHEN | 2uxden | euxden | vaxden | suxden = — | zvoo | ZLuNIdY
004 — — — — — — — — 0X69I LM60I | 260 | €460l | ¥MBOI | SH6OI = — | 3690 | sluNidy
JEAE | 0MV4D0 | LHVHOO | 24VH400 | €HVHOO0 | vev400 | G400 |  — — | 088400 | 1¥9400 | 249400 | £48400 | vH9400 | S¥8400 | — — | 9690 | LluNIdY
JEE | OWLOI | VMOl | 201 | €01 | vdiOI | S¥/OI = = 0x80I LM80I | 280l | €M8Dl | w80l | Gusdl = — | ¥690 | oLuNIdY
dedc | 0MSOl | LMGOl | 2MSOl | €MsOl | vMGOl | GMGOl = = 0490 MO0l | 2d90I | €M90I | ¥M9Ol | SH9OI = — | 2690 | 6uNIdY
dedc | 0MEOl | LMEDl | 2MEDl | €Medl | vMeEDl | GMEDl = = 0xYOI POl | dvOl | €dpOl | wapOl | Supol = — | 0690 | SuNIdY
dedc | 0MIOI | LMLl | 2dlOl | €Hl0l | wMLOI | GMLOl = = 0zl lMZOl | 22Ol | €MzOl | vdzol | Suzol = — | 3800 | ZuNIdY
JEAE | OUMOVL | LUMOVL | ZuMOVL | SUMOVL | wdMOVL | GuMOvL = = 0MMOGL | LMMOSL | 2uMOSL | €MMOGL | #MMOSL | GUMOSL = — | 8890 | vuNIdY
JEAE | 0MMOZL | LUMOZL | ZuMOZL | SUMOZL | #MMOZL | GuMOZL = = OMMOEL | LMMOEL | 2UMOSL | SMMOEL | WMMOEL | GUMOEL = — | 9890 | suNIdY
Ze3c | OMPINI | LMPINI | ZMVINI | €MVINI | YMVINI | GHPINI = = 0MMOLL | LMMOLL | 2uMOLL | €MMOLL | #MMOLL | GuMOLL = — | ¥890 | zuNIdY
d€de | OMZINI | LMZINI | Z¥ZINI | €MZINI | vMZINI | GHZINI = = OMEINI | LMEINI | ZMEINI | SMEINI | PMELNI | GHELNI = — | 2890 | LuNIdY
004€ — — — — — — = = OMLINI | LMLINI | 24LINI | S4LINI | pMLINI | SHLINI = — | 0890 | OuNIdY

mﬂ%m oxg Lug Zng cug vug sug 9ug Lng gug 63g oLug g ZLug glug | viug | siug | Jppv ow___mz
dVIN 431S193d 123173S Nid TVY33HdIb3d :92-€ 319Vl

DS39905B-page 43

iminary

Prel

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

‘lewIoapexay Ul UMOYS 8JE SanjeA 1asay °,0, se peal ‘pajuswsjdwiun = — :pusbor]
0000 adiNelds - - - - - - — — — — — - - - - V1.0 9dnd
0000 aneoo — — — — - - — aneal — — — - - - - 8110 SAnd
0000 — dNAAT |dNNNLD |dINO43d - anvn - — — — — — - - - - 9210 YanNd
0000 — adinNeocl | anweocl anen - - - ANOYO | AWNdINd |ANOOLY | AINdIND - - - - - .10 €dnd
0000 diNLO0 | dNgDO0 | AINEDO | AWYOO | AINSDOO | AW9DO0 | AINLZDOO | AIN8DO | AWnLOI aiNeol adineol dinyol aiNsol aiool ain.ol ansal cL.0 ¢and
0000 |AWNLOAVY — — dnLids | dinelds | diNln anen anioci — — — anilL aneL dneL dnvL ans.L 0410 LAWNd
sjasay aweN
™ o¥g Lyg Z2yg €3g v g sig 939 Lng 839 6349 oL¥g g 4% 1:] €Lyg v g sLyg PPV a4
dVIN 431SI1934 dNd  62-€ 319VL
"Josay JO awi} 8y} Je suolelado 8seld Jo SjIM AlowaW JO a)e)s ay} Uo juspuadap S| sajess 19say JaYjo Uo anjep Aluo HYOd 10} SI umoys anjeA jasay !l 9joN
‘|EWIDBpEXaY Ul UMOYS SJE SaNnjeA 18say °,0, Se peal ‘pajuswsjdwiun = — :puabar
0000 <0:Z>AINNAN — — — — — - - - 9920 ATMNAN
(1)0000 | OAOWAN | LdOWAN | CdONAN | EdOINAN - - ERVACE! — — — — — — HHd3FHM | NFHIM dM 090 | NOOWAN
sjasay aweN
™ 0¥g 1 yg cyg €3g vyg sig 919 Lyg 839 639 oL¥g L ug ciLyg €L g vl ng sLug PPV ali4
dVIN 431SI934 NAN :8¢2-€ 319Vl
"uolleWIoUl SI0W O} uoleinBiyuo 103e||19SQ,, ("L UOI}OaS 995 "UONEINBIU0D SDIASP BY} PUE JUBAS }8SaY Jo 8dA} 8y} Ujoq uo yuspuadap si J8)siBal NODDSO 9y} JO anjeA Josay ay L Z
‘uoljewlojul sIow 1oy, S)aSaY,, 0'G UOIIIAS 99S 'JUSAS 189Sy Jo 8dA} au} uo Juspuadap si Ja)siBal NODY dU} JO anjeA Josay oyl !l 9joN
‘|EWIDBPEXaY Ul UMOYS SJE SaNnjeA 18say °,0, Se peal ‘pajuswsjdwiun = — :puabar
0000 — — — — — — — - OAIdOY | LAIAQOY | 2AIdOY | EAIAOY | 13S0Y | d1SS0Y - NE[e)<] 3Ir/0 | NOOO43d
0000 ONNL INNL ZNNL ENNL PNNL SNNL - — - — - - — - — - 8¥.0 NNLOSO
00TO — — — — — - — - OAIdDY | LAIADY | ZAIdOY | N3ZOda | 03z0da 137004 | ¢3zoda 104 vv.0 JA\\(e)Zte]
€ 910N | NIMSO | NIOSOS | N3OSOd 40 — MO0 MOOT0I | MOOTIMT1O | 0OSON | LOSON | ¢OSON - 00S0JO | LOSOD | ¢0S0D - Zv.0 NODJOSO
| ®JON d0d d04 37al d331s OLdM |N3ILAMS| d©MS SINE] SOFAAN WO — - - — dMNdOI | ddvdl 0v.20 NOOY
sjosay aweN
™ oxg g chg €3g vyg s Hg 91g Lyg 8 g 639 ol ¥g L ng cL g €Lyg v g SiLyg PPV allq
dVIN 431SI193d NJLSAS :/Z-€ 319VL

© 2008 Microchip Technology Inc.

iminary

Prel

DS39905B-page 44



PIC24FJ256GA110 FAMILY

3.2.5 SOFTWARE STACK

In addition to its use as a working register, the W15 reg-
ister in PIC24F devices is also used as a Software
Stack Pointer. The pointer always points to the first
available free word and grows from lower to higher
addresses. It pre-decrements for stack pops and
post-increments for stack pushes, as shown in
Figure 3-4. Note that for a PC push during any CALL
instruction, the MSB of the PC is zero-extended before
the push, ensuring that the MSB is always clear.

Note: A PC push during exception processing
will concatenate the SRL register to the
MSB of the PC prior to the push.

The Stack Pointer Limit Value register (SPLIM), associ-
ated with the Stack Pointer, sets an upper address
boundary for the stack. SPLIM is uninitialized at Reset.
As is the case for the Stack Pointer, SPLIM<0> is
forced to ‘0’ because all stack operations must be
word-aligned. Whenever an EA is generated using
W15 as a source or destination pointer, the resulting
address is compared with the value in SPLIM. If the
contents of the Stack Pointer (W15) and the SPLIM reg-
ister are equal, and a push operation is performed, a
stack error trap will not occur. The stack error trap will
occur on a subsequent push operation. Thus, for exam-
ple, if it is desirable to cause a stack error trap when the
stack grows beyond address 2000h in RAM, initialize
the SPLIM with the value, 1FFEh.

Similarly, a Stack Pointer underflow (stack error) trap is
generated when the Stack Pointer address is found to
be less than 0800h. This prevents the stack from
interfering with the Special Function Register (SFR)
space.

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 3-4: CALL STACK FRAME
0000h 15 0

(2]

2

i

g 5 PC<15:0> -« W15 (before cALL)

o5 | [000000000[ PC<22:16>

é T <Free Word> <« W15 (after CALL)

n

\J

POP : [--W15]
PUSH : [W15++]

3.3 Interfacing Program and Data
Memory Spaces

The PIC24F architecture uses a 24-bit wide program
space and 16-bit wide data space. The architecture is
also a modified Harvard scheme, meaning that data
can also be present in the program space. To use this
data successfully, it must be accessed in a way that
preserves the alignment of information in both spaces.

Aside from normal execution, the PIC24F architecture
provides two methods by which program space can be
accessed during operation:

» Using table instructions to access individual bytes
or words anywhere in the program space

* Remapping a portion of the program space into
the data space (program space visibility)

Table instructions allow an application to read or write
to small areas of the program memory. This makes the
method ideal for accessing data tables that need to be
updated from time to time. It also allows access to all
bytes of the program word. The remapping method
allows an application to access a large block of data on
a read-only basis, which is ideal for look ups from a
large table of static data. It can only access the least
significant word of the program word.

3.3.1 ADDRESSING PROGRAM SPACE

Since the address ranges for the data and program
spaces are 16 and 24 bits, respectively, a method is
needed to create a 23-bit or 24-bit program address
from 16-bit data registers. The solution depends on the
interface method to be used.

For table operations, the 8-bit Table Memory Page
Address register (TBLPAG) is used to define a 32K word
region within the program space. This is concatenated
with a 16-bit EA to arrive at a full 24-bit program space
address. In this format, the Most Significant bit of
TBLPAG is used to determine if the operation occurs in
the user memory (TBLPAG<7> = 0) or the configuration
memory (TBLPAG<7> = 1).

For remapping operations, the 8-bit Program Space
Visibility Page Address register (PSVPAG) is used to
define a 16K word page in the program space. When
the Most Significant bit of the EAis ‘1’, PSVPAG is con-
catenated with the lower 15 bits of the EA to form a
23-bit program space address. Unlike table operations,
this limits remapping operations strictly to the user
memory area.

Table 3-30 and Figure 3-5 show how the program EA is
created for table operations and remapping accesses
from the data EA. Here, P<23:0> refers to a program
space word, whereas D<15:0> refers to a data space
word.

© 2008 Microchip Technology Inc.
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TABLE 3-30: PROGRAM SPACE ADDRESS CONSTRUCTION

Access Program Space Address

Access Type

Space <23> <22:16> | <15> <14:1> <0>
Instruction Access User 0 PC<22:1> 0
(Code Execution) 0XX XXXX XXXX XXXX XXxx xxx0
TBLRD/TBLWT User TBLPAG<7:0> \ Data EA<15:0>
(Byte/WOrd Read/Write) OxXXX XXXX XXXX XXXX XXXX XXXX

Configuration TBLPAG<7:0> ‘ Data EA<15:0>
I1XXX XXXX XXXX XXXX XXXX XXXX

Program Space Visibility | User 0 PSVPAG<7:0> Data EA<14:0>(
(B|OCk Remap/Read) 0 XXXX XXXX XXX XXXX XXXX XXXX

Note 1:
the address is PSVPAG<0>.

FIGURE 3-5:

Data EA<15> is always ‘1’ in this case, but is not used in calculating the program space address. Bit 15 of

DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION

configuration memory space.

data in the program and data spaces.

Program Counter(!) 0 Program Counter 0
R

- 23 Bits |
(. [
o '
L EA 1/0

Table Operations(?) 1/0 TBLPAG I
- > |
- N Lo - —
| | 8 Bits 16 Bits
— —
L 24 Bits | :
| | | |
(. |

Select
| [1]) EA | o
I \i

Program Space V|S|b|||ty(1) | |

(Remapping) 0 - PSVPAG | N
I 8 Bits T 15 Bits |
N L
' T ' 23 Bits T

User/Configuration Byte Select
Space Select
Note 1: The LSb of program space addresses is always fixed as ‘0’ in order to maintain word alignment of

2: Table operations are not required to be word-aligned. Table read operations are permitted in the

DS39905B-page 46

Preliminary

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

3.3.2 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

The TBLRDL and TBLWTL instructions offer a direct
method of reading or writing the lower word of any
address within the program space without going through
data space. The TBLRDH and TBLWTH instructions are
the only method to read or write the upper 8 bits of a
program space word as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses.
Program memory can thus be regarded as two, 16-bit
word-wide address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWTL
access the space which contains the least significant
data word, and TBLRDH and TBLWTH access the space
which contains the upper data byte.

Two table instructions are provided to move byte or
word-sized (16-bit) data to and from program space.
Both function as either byte or word operations.

1. TBLRDL (Table Read Low): In Word mode, it
maps the lower word of the program space
location (P<15:0>) to a data address (D<15:0>).

In Byte mode, either the upper or lower byte of
the lower program word is mapped to the lower

2. TBLRDH (Table Read High): In Word mode, it
maps the entire upper word of a program address
(P<23:16>) to a data address. Note that
D<15:8>, the ‘phantom’ byte, will always be ‘0’.
In Byte mode, it maps the upper or lower byte of
the program word to D<7:0> of the data
address, as above. Note that the data will
always be ‘0’ when the upper ‘phantom’ byte is
selected (byte select = 1).

In a similar fashion, two table instructions, TBLWTH
and TBLWTL, are used to write individual bytes or
words to a program space address. The details of
their operation are explained in Section 4.0 “Flash
Program Memory”.

For all table operations, the area of program memory
space to be accessed is determined by the Table
Memory Page Address register (TBLPAG). TBLPAG
covers the entire program memory space of the
device, including user and configuration spaces. When
TBLPAG<7> = 0, the table page is located in the user
memory space. When TBLPAG<7> = 1, the page is
located in configuration space.

Note:  Only table read operations will execute in
the configuration memory space, and only
then, in implemented areas such as the
Device ID. Table write operations are not

byte of a data address. The upper byte is sl
selected when byte select is ‘1’; the lower byte
is selected when it is ‘0’.
FIGURE 3-6: ACCESSING PROGRAM MEMORY WITH TABLE INSTRUCTIONS
Program Space
I% | Data EJA:<15:O> |
23 10 % 000000n pu s e 5 o
00000000 MMM\
020000h 00000000
_> } — ! 00000000
030000h 00000000

800000h

—

‘Phantom’ Byte
—

TBLRDH.B (Wn<0> = 0)
TBLRDL.B (Wn<0>=1)
TBLRDL.B (Wn<0> = 0)
TBLRDL.W

The address for the table operation is determined by the data EA
within the page defined by the TBLPAG register.

Only read operations are shown; write operations are also valid in
the user memory area.
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3.3.3 READING DATA FROM PROGRAM
MEMORY USING PROGRAM SPACE
VISIBILITY

The upper 32 Kbytes of data space may optionally be
mapped into any 16K word page of the program space.
This provides transparent access of stored constant
data from the data space without the need to use
special instructions (i.e., TBLRDL/H).

Program space access through the data space occurs if
the Most Significant bit of the data space EA is ‘1’, and
program space visibility is enabled by setting the PSV bit
in the CPU Control register (CORCON<2>). The loca-
tion of the program memory space to be mapped into the
data space is determined by the Program Space Visibil-
ity Page Address register (PSVPAG). This 8-bit register
defines any one of 256 possible pages of 16K words in
program space. In effect, PSVPAG functions as the
upper 8 bits of the program memory address, with the
15 bits of the EA functioning as the lower bits. Note that
by incrementing the PC by 2 for each program memory
word, the lower 15 bits of data space addresses directly
map to the lower 15 bits in the corresponding program
space addresses.

Data reads to this area add an additional cycle to the
instruction being executed, since two program memory
fetches are required.

Although each data space address, 8000h and higher,
maps directly into a corresponding program memory
address (see Figure 3-7), only the lower 16 bits of the

FIGURE 3-7:

24-bit program word are used to contain the data. The
upper 8 bits of any program space locations used as
data should be programmed with ‘1111 1111’ or
‘0000 0000’ to force a NOP. This prevents possible
issues should the area of code ever be accidentally
executed.

Note: PSV access is temporarily disabled during

table reads/writes.

For operations that use PSV and are executed outside
a REPEAT loop, the MOV and MOV. D instructions will
require one instruction cycle in addition to the specified
execution time. All other instructions will require two
instruction cycles in addition to the specified execution
time.

For operations that use PSV which are executed inside
a REPEAT loop, there will be some instances that
require two instruction cycles in addition to the
specified execution time of the instruction:

» Execution in the first iteration
« Execution in the last iteration

« Execution prior to exiting the loop due to an
interrupt

» Execution upon re-entering the loop after an
interrupt is serviced

Any other iteration of the REPEAT loop will allow the
instruction accessing data, using PSV, to execute in a
single cycle.

PROGRAM SPACE VISIBILITY OPERATION

When CORCON<2> =1 and EA<15> = 1:

Program Space

PSVPAG 23 15 0 000000h
02 ;
: 010000h
! 018000h
The data in the page :
designated by |
PSVPAG is mapped I
into the upper half of !
the data memory :
space.... |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
800000h

Data Space

0000h  ™Data EA<14:0> |

~ 8000h
k‘( PSV Area
...while the lower 15
bits of the EA specify
an exact address
— FFFFh  within the PSV area.
This corresponds
exactly to the same
lower 15 bits of the
actual program space
address.
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40 FLASH PROGRAM MEMORY

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,

“Section 4. Program Memory”

(DS39715).

The PIC24FJ256GA110 family of devices contains
internal Flash program memory for storing and execut-
ing application code. It can be programmed in four
ways:

* In-Circuit Serial Programming™ (ICSP™)
* Run-Time Self-Programming (RTSP)
« JTAG

» Enhanced In-Circuit Serial Programming
(Enhanced ICSP)

ICSP allows a PIC24FJ256GA110 family device to be
serially programmed while in the end application circuit.
This is simply done with two lines for the programming
clock and programming data (which are named PGECx
and PGEDx, respectively), and three other lines for
power (VDD), ground (Vss) and Master Clear (MCLR).
This allows customers to manufacture boards with
unprogrammed devices and then program the micro-
controller just before shipping the product. This also
allows the most recent firmware or a custom firmware
to be programmed.

RTSP is accomplished using TBLRD (table read) and
TBLWT (table write) instructions. With RTSP, the user
may write program memory data in blocks of 64 instruc-
tions (192 bytes) at a time, and erase program memory
in blocks of 512 instructions (1536 bytes) at a time.

4.1 Table Instructions and Flash

Programming

Regardless of the method used, all programming of
Flash memory is done with the table read and table
write instructions. These allow direct read and write
access to the program memory space from the data
memory while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using the TBLPAG<7:0> bits and the Effective
Address (EA) from a W register specified in the table
instruction, as shown in Figure 4-1.

The TBLRDL and the TBLWTL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWTL can access program memory in
both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWTH can also access program memory in Word
or Byte mode.

FIGURE 4-1: ADDRESSING FOR TABLE REGISTERS

b 24 Bits L

Using . ™

Program [ 0 | Program Counter [o]

Counter | | | |

| ' |

| ! ||

| | |

| | Working Reg EA | l

Using I
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Instruction | | 8 Bits I 16 Bits |'|

(4 | 4

User/Confi ti | | ¢ i
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Space Select ! 24-Bit EA I SZIth
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4.2 RTSP Operation

The PIC24F Flash program memory array is organized
into rows of 64 instructions or 192 bytes. RTSP allows
the user to erase blocks of eight rows (512 instructions)
at a time and to program one row at a time. It is also
possible to program single words.

The 8-row erase blocks and single row write blocks are
edge-aligned, from the beginning of program memory, on
boundaries of 1536 bytes and 192 bytes, respectively.

When data is written to program memory using TBLWT
instructions, the data is not written directly to memory.
Instead, data written using table writes is stored in
holding latches until the programming sequence is
executed.

Any number of TBLWT instructions can be executed
and a write will be successfully performed. However,
64 TBLWT instructions are required to write the full row
of memory.

To ensure that no data is corrupted during a write, any
unused addresses should be programmed with
FFFFFFh. This is because the holding latches reset to
an unknown state, so if the addresses are left in the
Reset state, they may overwrite the locations on rows
which were not rewritten.

The basic sequence for RTSP programming is to set up
a Table Pointer, then do a series of TBLWT instructions
to load the buffers. Programming is performed by
setting the control bits in the NVMCON register.

Data can be loaded in any order and the holding regis-
ters can be written to multiple times before performing
a write operation. Subsequent writes, however, will
wipe out any previous writes.

Note:  Writing to a location multiple times without
erasing is not recommended.

All of the table write operations are single-word writes
(2 instruction cycles), because only the buffers are writ-
ten. A programming cycle is required for programming
each row.

4.3 JTAG Operation

The PIC24F family supports JTAG programming and
boundary scan. Boundary scan can improve the manu-
facturing process by verifying pin-to-PCB connectivity.
Programming can be performed with industry standard
JTAG programmers supporting Serial Vector Format
(SVF).

4.4 Enhanced In-Circuit Serial
Programming

Enhanced In-Circuit Serial Programming uses an
on-board bootloader, known as the program executive,
to manage the programming process. Using an SPI
data frame format, the program executive can erase,
program and verify program memory. For more
information on Enhanced ICSP, see the device
programming specification.

4.5 Control Registers

There are two SFRs used to read and write the
program Flash memory: NVMCON and NVMKEY.

The NVMCON register (Register 4-1) controls which
blocks are to be erased, which memory type is to be
programmed and when the programming cycle starts.

NVMKEY is a write-only register that is used for write
protection. To start a programming or erase sequence,
the user must consecutively write 55h and AAh to the
NVMKEY register. Refer to Section 4.6 “Programming
Operations” for further details.

4.6 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. During a programming or erase operation, the
processor stalls (waits) until the operation is finished.
Setting the WR bit (NVMCON<15>) starts the opera-
tion and the WR bit is automatically cleared when the
operation is finished.
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REGISTER 4-1: NVMCON: FLASH MEMORY CONTROL REGISTER

R/SO-0 R/w-0( R/wW-0" u-0 u-0 u-0 u-0 U-0

WR WREN WRERR — — — — —

bit 15 bit 8
u-0 R/W-0(1 u-0 u-0 R/w-0(1) R/wW-0(" R/w-0(1) R/wW-0("
— ERASE — — NVMOP3(3 | NvMOP2@ | NvMOP1(2) | NvMOPO(?)

bit 7 bit 0

Legend: SO = Set Only bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 WR: Write Control bit("

1 = Initiates a Flash memory program or erase operation. The operation is self-timed and the bit is
cleared by hardware once operation is complete.
0 = Program or erase operation is complete and inactive
bit 14 WREN: Write Enable bit(")
1 = Enable Flash program/erase operations
0 = Inhibit Flash program/erase operations
bit 13 WRERR: Write Sequence Error Flag bit(1)

1= An improper program or erase sequence attempt or termination has occurred (bit is set
automatically on any set attempt of the WR bit)
0 = The program or erase operation completed normally

bit 12-7 Unimplemented: Read as ‘0’
bit 6 ERASE: Erase/Program Enable bit(!)
1 = Perform the erase operation specified by NVMOP3:NVMOPO on the next WR command
0 = Perform the program operation specified by NVMOP3:NVMOPO on the next WR command
bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 NVMOP3:NVMOPO: NVM Operation Select bits(12)

1111 = Memory bulk erase operation (ERASE = 1) or no operation (ERASE = O)(3)
0011 = Memory word program operation (ERASE = 0) or no operation (ERASE = 1)
0010 = Memory page erase operation (ERASE = 1) or no operation (ERASE = 0)
0001 = Memory row program operation (ERASE = 0) or no operation (ERASE = 1)

Note 1: These bits can only be reset on POR.
2: All other combinations of NVMOP3:NVMOPO are unimplemented.
3: Available in ICSP™ mode only. Refer to device programming specification.
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4.6.1 PROGRAMMING ALGORITHM FOR
FLASH PROGRAM MEMORY

The user can program one row of Flash program memory
at a time. To do this, it is necessary to erase the 8-row
erase block containing the desired row. The general
process is:

1. Read eight rows of program memory
(512 instructions) and store in data RAM.
2. Update the program data in RAM with the
desired new data.
3. Erase the block (see Example 4-1):
a) Set the NVMOP bits (NVMCON<3:0>) to
‘0010’ to configure for block erase. Set the
ERASE (NVMCON<6>) and WREN
(NVMCON<14>) bits.

b) Write the starting address of the block to be
erased into the TBLPAG and W registers.

c) Write 55h to NVMKEY.

d) Write AAh to NVMKEY.

e) Setthe WR bit (NVMCON<15>). The erase
cycle begins and the CPU stalls for the dura-
tion of the erase cycle. When the erase is
done, the WR bit is cleared automatically.

4. Write the first 64 instructions from data RAM into

the program memory buffers (see Example 4-1).

5. Write the program block to Flash memory:

a) Set the NVMOP bits to ‘0001’ to configure
for row programming. Clear the ERASE bit
and set the WREN bit.

b) Write 55h to NVMKEY.

c) Write AAh to NVMKEY.

d) Set the WR bit. The programming cycle
begins and the CPU stalls for the duration
of the write cycle. When the write to Flash
memory is done, the WR bit is cleared
automatically.

6. Repeat steps 4 and 5, using the next available
64 instructions from the block in data RAM by
incrementing the value in TBLPAG, until all
512 instructions are written back to Flash
memory.

For protection against accidental operations, the write
initiate sequence for NVMKEY must be used to allow
any erase or program operation to proceed. After the
programming command has been executed, the user
must wait for the programming time until programming
is complete. The two instructions following the start of
the programming sequence should be NOPs, as shown
in Example 4-3.

ERASING A PROGRAM MEMORY BLOCK

EXAMPLE 4-1:

; Set up NVMCON for block erase operation
MOV #0x4042, WO
MOV W0, NVMCON

; Init pointer to row to be ERASED
MOV #tblpage (PROG_ADDR), WO
MOV W0, TBLPAG
MOV #tbloffset(PROG_ADDR), WO
TBLWTL WO, [WO]
DIST #5
MOV #0x55, WO
MOV W0, NVMKEY
MOV #0xAA, W1
MOV W1, NVMKEY
BSET NVMCON, #WR
NOP
NOP

; Initialize NVMCON

; Initialize PM Page Boundary SFR

; Initialize in-page EA[15:0] pointer

; Set base address of erase block

; Block all interrupts with priority <7
; for next 5 instructions

; Write the 55 key

; Write the AA key

; Start the erase sequence

; Insert two NOPs after the erase
; command is asserted

DS39905B-page 52

Preliminary

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

EXAMPLE 4-2: LOADING THE WRITE BUFFERS

; Set up NVMCON for row programming operations

MOV #0x4001, WO ;

MOV W0, NVMCON ; Initialize NVMCON
; Set up a pointer to the first program memory location to be written
; program memory selected, and writes enabled

MOV #0x0000, WO ;
MOV W0, TBLPAG ; Initialize PM Page Boundary SFR
MOV #0x6000, WO ; An example program memory address

; Perform the TBLWT instructions to write the latches
; 0th_program word

MOV #LOW_WORD 0, W2 ;

MOV #HIGH BYTE 0, W3 ;

TBLWTL W2, [WO] ; Write PM low word into program latch

TBLWTH W3, [WO++] ; Write PM high byte into program latch
; lst _program word

MOV #LOW_WORD_1, W2 ;

MOV #HIGH BYTE 1, W3 ;

TBLWTL W2, [WO] ; Write PM low word into program latch

TBLWTH W3, [WO++] ; Write PM high byte into program latch
;  2nd program word

MOV #LOW_WORD_2, W2 ;

MOV #HIGH BYTE 2, W3 ;

TBLWTL W2, [WO] ; Write PM low word into program latch

TBLWTH W3, [WO++] ; Write PM high byte into program latch

; 63rd program word

MOV #LOW _WORD 31, W2 ;

MOV #HIGH BYTE 31, W3 ;

TBLWTL W2, [WO] ; Write PM low word into program latch
TBLWTH W3, [WO] ; Write PM high byte into program latch

EXAMPLE 4-3: INITIATING A PROGRAMMING SEQUENCE

DISI #5 ; Block all interrupts with priority <7
; for next 5 instructions

MOV #0x55, WO

MOV WO, NVMKEY ; Write the 55 key

MOV #0xAA, W1 ;

MOV W1l, NVMKEY ; Write the AA key

BSET NVMCON, #WR ; Start the erase sequence

BTSC NVMCON, #15 ; and wait for it to be

BRA $-2 ; completed
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46.2 PROGRAMMING A SINGLE WORD
OF FLASH PROGRAM MEMORY

If a Flash location has been erased, it can be pro-
grammed using table write instructions to write an
instruction word (24-bit) into the write latch. The
TBLPAG register is loaded with the 8 Most Significant
Bytes of the Flash address. The TBLWTL and TBLWTH

instructions write the desired data into the write latches
and specify the lower 16 bits of the program memory
address to write to. To configure the NVMCON register
for a word write, set the NVMOP bits (NVMCON<3:0>)
to ‘0011’. The write is performed by executing the
unlock sequence and setting the WR bit (see
Example 4-4).

EXAMPLE 4-4: PROGRAMMING A SINGLE WORD OF FLASH PROGRAM MEMORY
; Setup a pointer to data Program Memory

MOV #tblpage (PROG_ADDR), WO ;
MOV W0, TBLPAG ;Initialize PM Page Boundary SFR
MOV #tbloffset (PROG_ADDR), WO ;Initialize a register with program memory address
MOV #LOW_WORD N, W2 ;
MOV #HIGH BYTE N, W3 ;
TBLWTL W2, [WO] ; Write PM low word into program latch
TBLWTH W3, [WO++] ; Write PM high byte into program latch

; Setup NVMCON for programming one word to data Program Memory

MOV #0x4003, WO ;

MOV W0, NVMCON ; Set NVMOP bits to 0011

DISIT #5 ; Disable interrupts while the KEY sequence is written
MOV #0x55, WO ; Write the key sequence

MOV WO, NVMKEY

MOV #0xAA, WO

MOV WO, NVMKEY

BSET NVMCON, #WR ; Start the write cycle
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5.0 RESETS

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
“Section 7. Reset” (DS39712).

The Reset module combines all Reset sources and
controls the device Master Reset Signal, SYSRST. The
following is a list of device Reset sources:

* POR: Power-on Reset

+ MCLR: Pin Reset

* SWR: RESET Instruction

« WDT: Watchdog Timer Reset

* BOR: Brown-out Reset

» CM: Configuration Mismatch Reset

* TRAPR: Trap Conflict Reset

* IOPUWR: lllegal Opcode Reset

* UWR: Uninitialized W Register Reset

A simplified block diagram of the Reset module is
shown in Figure 5-1.

FIGURE 5-1:

Any active source of Reset will make the SYSRST
signal active. Many registers associated with the CPU
and peripherals are forced to a known Reset state.
Most registers are unaffected by a Reset; their status is
unknown on POR and unchanged by all other Resets.

Note: Refer to the specific peripheral or CPU
section of this manual for register Reset

states.

All types of device Reset will set a corresponding status
bit in the RCON register to indicate the type of Reset
(see Register 5-1). A Power-on Reset will clear all bits
except for the BOR and POR bits (RCON<1:0>) which
are set. The user may set or clear any bit at any time
during code execution. The RCON bits only serve as
status bits. Setting a particular Reset status bit in
software will not cause a device Reset to occur.

The RCON register also has other bits associated with
the Watchdog Timer and device power-saving states.
The function of these bits is discussed in other sections
of this manual.

Note: The status bits in the RCON register
should be cleared after they are read so
that the next RCON register value after a

device Reset will be meaningful.

RESET SYSTEM BLOCK DIAGRAM

RESET

Instruction

E > Glitch Filter

WDT
Module

Sleep or Idle

VDD Rise POR

Detect

Reset

Enable Voltage Regulator

Trap Conflict

SYSRST

Brown-out BOR

lllegal Opcode

Configuration Mismatch

Uninitialized W Register
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REGISTER 5-1: RCON: RESET CONTROL REGISTER("

R/W-0 R/W-0 u-0 uU-0 u-0 u-0 R/W-0 R/W-0
TRAPR [ IOPUWR | — | — | — [ — CM VREGS
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
EXTR SWR SWDTEN( WDTO SLEEP IDLE BOR POR
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 15 TRAPR: Trap Reset Flag bit

1 = A Trap Conflict Reset has occurred
0 = A Trap Conflict Reset has not occurred
bit 14 IOPUWR: lllegal Opcode or Uninitialized W Access Reset Flag bit
1 = Anillegal opcode detection, an illegal address mode or uninitialized W register used as an Address
Pointer caused a Reset
0 = An illegal opcode or uninitialized W Reset has not occurred
bit 13-10 Unimplemented: Read as ‘0’
bit 9 CM: Configuration Word Mismatch Reset Flag bit
1 = A Configuration Word Mismatch Reset has occurred
0 = A Configuration Word Mismatch Reset has not occurred
bit 8 VREGS: Voltage Regulator Standby Enable bit
1 = Regulator remains active during Sleep
0 = Regulator goes to standby during Sleep
bit 7 EXTR: External Reset (MCLR) Pin bit
1 = A Master Clear (pin) Reset has occurred
0 = A Master Clear (pin) Reset has not occurred
bit 6 SWR: Software Reset (Instruction) Flag bit
1 = ARESET instruction has been executed
0 = ARESET instruction has not been executed
bit 5 SWDTEN: Software Enable/Disable of WDT bit(?)
1 =WDT is enabled
0 = WDT is disabled
bit 4 WDTO: Watchdog Timer Time-out Flag bit
1 = WDT time-out has occurred
0 = WDT time-out has not occurred
bit 3 SLEEP: Wake From Sleep Flag bit
1 = Device has been in Sleep mode
0 = Device has not been in Sleep mode
bit 2 IDLE: Wake-up From Idle Flag bit
1 = Device has been in Idle mode
0 = Device has not been in Idle mode
bit 1 BOR: Brown-out Reset Flag bit
1 = A Brown-out Reset has occurred. Note that BOR is also set after a Power-on Reset.
0 = A Brown-out Reset has not occurred
bit 0 POR: Power-on Reset Flag bit

1 = A Power-up Reset has occurred
0 = A Power-up Reset has not occurred

Note 1: All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not
cause a device Reset.
2: Ifthe FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the
SWDTEN bit setting.
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TABLE 5-1: RESET FLAG BIT OPERATION

Flag Bit Setting Event Clearing Event
TRAPR (RCON<15>) Trap Conflict Event POR
IOPUWR (RCON<14>) lllegal Opcode or Uninitialized W Register Access POR
CM (RCON<9>) Configuration Mismatch Reset POR
EXTR (RCON<7>) MCLR Reset POR
SWR (RCON<6>) RESET Instruction POR
WDTO (RCON<4>) WDT Time-out PWRSAV Instruction, POR
SLEEP (RCON<3>) PWRSAV #SLEEP Instruction POR
IDLE (RCON<2>) PWRSAV #IDLE Instruction POR
BOR (RCON<1>) POR, BOR —
POR (RCON<0>) POR —

Note: All Reset flag bits may be set or cleared by the user software.

5.1 Clock Source Selection at Reset

If clock switching is enabled, the system clock source at
device Reset is chosen as shown in Table 5-2. If clock
switching is disabled, the system clock source is always
selected according to the oscillator Configuration bits.
Refer to Section 7.0 “Oscillator Configuration” for
further details.

TABLE 5-2: OSCILLATOR SELECTION vs.
TYPE OF RESET (CLOCK
SWITCHING ENABLED)
Reset Type Clock Source Determinant
POR FNOSC Configuration bits
BOR (CW2<10:8>)

MCLR COSC Control bits
WDTO (OSCCON<14:12>)

SWR

5.2 Device Reset Times

The Reset times for various types of device Reset are
summarized in Table 5-3. Note that the system Reset
signal, SYSRST, is released after the POR and PWRT
delay times expire.

The time at which the device actually begins to execute
code will also depend on the system oscillator delays,
which include the Oscillator Start-up Timer (OST) and
the PLL lock time. The OST and PLL lock times occur
in parallel with the applicable SYSRST delay times.

The FSCM delay determines the time at which the
FSCM begins to monitor the system clock source after
the SYSRST signal is released.
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TABLE 5-3: RESET DELAY TIMES FOR VARIOUS DEVICE RESETS
Reset Type Clock Source SYSRST Delay Syst;::at;lock II:)Sefa“c Notes

POR EC, FRC, FRCDIV, LPRC | TPOR + TSTARTUP + TRST — — 1,2,3
ECPLL, FRCPLL TPOR + TSTARTUP + TRST TLOCK TFscm 1,2,3,5,6
XT, HS, SOSC TPOR + TSTARTUP + TRST TosT TFSCM 1,2,3,4,6
XTPLL, HSPLL TPOR + TSTARTUP + TRST| TOST + TLOCK TFSCM 1,2,3,4,5,6

BOR EC, FRC, FRCDIV, LPRC TSTARTUP + TRST — — 2,3
ECPLL, FRCPLL TSTARTUP + TRST TLOCK TFSCM 2,3,56
XT, HS, SOSC TSTARTUP + TRST TosT TFSCM 2,3,4,6
XTPLL, HSPLL TSTARTUP + TRST TosT + TLOCK TFscm 2,3,4,56

MCLR Any Clock TRST — — 3

WDT Any Clock TRST — — 3

Software Any clock TRST — — 3

lllegal Opcode |Any Clock TRST — — 3

Uninitialized W |Any Clock TRST — — 3

Trap Conflict Any Clock TRST — — 3

Note 1: TPOR = Power-on Reset delay (10 ps nominal).

2: TSTARTUP = TVREG (10 us nominal) if on-chip regulator is enabled or TPWRT (64 ms nominal) if on-chip
regulator is disabled.

3: TRST = Internal state Reset time (32 ps nominal).

4: TosT = Oscillator Start-up Timer. A 10-bit counter counts 1024 oscillator periods before releasing the
oscillator clock to the system.

5: TLoCK

= PLL lock time.

6: TrscM = Fail-Safe Clock Monitor delay (100 ps nominal).
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5.2.1 POR AND LONG OSCILLATOR
START-UP TIMES

The oscillator start-up circuitry and its associated delay
timers are not linked to the device Reset delays that
occur at power-up. Some crystal circuits (especially
low-frequency crystals) will have a relatively long
start-up time. Therefore, one or more of the following
conditions is possible after SYSRST is released:

» The oscillator circuit has not begun to oscillate.

* The Oscillator Start-up Timer has not expired (if a
crystal oscillator is used).

* The PLL has not achieved a lock (if PLL is used).

The device will not begin to execute code until a valid
clock source has been released to the system. There-
fore, the oscillator and PLL start-up delays must be
considered when the Reset delay time must be known.

5.2.2 FAIL-SAFE CLOCK MONITOR
(FSCM) AND DEVICE RESETS

If the FSCM is enabled, it will begin to monitor the
system clock source when SYSRST is released. If a
valid clock source is not available at this time, the
device will automatically switch to the FRC oscillator
and the user can switch to the desired crystal oscillator
in the Trap Service Routine.

5.2.21 FSCM Delay for Crystal and PLL
Clock Sources

When the system clock source is provided by a crystal
oscillator and/or the PLL, a small delay, TFscmMm, will
automatically be inserted after the POR and PWRT
delay times. The FSCM will not begin to monitor the
system clock source until this delay expires. The FSCM
delay time is nominally 100 us and provides additional
time for the oscillator and/or PLL to stabilize. In most
cases, the FSCM delay will prevent an oscillator failure
trap at a device Reset when the PWRT is disabled.

5.3 Special Function Register Reset
States

Most of the Special Function Registers (SFRs) associ-
ated with the PIC24F CPU and peripherals are reset to a
particular value at a device Reset. The SFRs are
grouped by their peripheral or CPU function and their
Reset values are specified in each section of this manual.

The Reset value for each SFR does not depend on the
type of Reset, with the exception of four registers. The
Reset value for the Reset Control register, RCON, will
depend on the type of device Reset. The Reset value
for the Oscillator Control register, OSCCON, will
depend on the type of Reset and the programmed
values of the FNOSC bits in Flash Configuration
Word 2 (CW2) (see Table 5-2). The RCFGCAL and
NVMCON registers are only affected by a POR.
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NOTES:
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6.0 INTERRUPT CONTROLLER

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
“Section 8. Interrupts” (DS39707).

The PIC24F interrupt controller reduces the numerous
peripheral interrupt request signals to a single interrupt
request signal to the PIC24F CPU. It has the following
features:

» Up to 8 processor exceptions and software traps
+ 7 user-selectable priority levels
* Interrupt Vector Table (IVT) with up to 118 vectors

» A unique vector for each interrupt or exception
source

* Fixed priority within a specified user priority level
 Alternate Interrupt Vector Table (AIVT) for debug
support

» Fixed interrupt entry and return latencies

6.1 Interrupt Vector Table

The Interrupt Vector Table (IVT) is shown in Figure 6-1.
The IVT resides in program memory, starting at location
000004h. The IVT contains 126 vectors, consisting of
8 non-maskable trap vectors, plus up to 118 sources of
interrupt. In general, each interrupt source has its own
vector. Each interrupt vector contains a 24-bit wide
address. The value programmed into each interrupt
vector location is the starting address of the associated
Interrupt Service Routine (ISR).

Interrupt vectors are prioritized in terms of their natural
priority; this is linked to their position in the vector table.
All other things being equal, lower addresses have a
higher natural priority. For example, the interrupt asso-
ciated with vector O will take priority over interrupts at
any other vector address.

PIC24FJ256GA110 family  devices implement
non-maskable traps and unique interrupts. These are
summarized in Table 6-1 and Table 6-2.

6.1.1 ALTERNATE INTERRUPT VECTOR
TABLE

The Alternate Interrupt Vector Table (AIVT) is located
after the IVT, as shown in Figure 6-1. Access to the
AIVT is provided by the ALTIVT control bit
(INTCON2<15>). If the ALTIVT bit is set, all interrupt
and exception processes will use the alternate vectors
instead of the default vectors. The alternate vectors are
organized in the same manner as the default vectors.

The AIVT supports emulation and debugging efforts by
providing a means to switch between an application
and a support environment without requiring the inter-
rupt vectors to be reprogrammed. This feature also
enables switching between applications for evaluation
of different software algorithms at run time. If the AIVT
is not needed, the AIVT should be programmed with
the same addresses used in the IVT.

6.2 Reset Sequence

A device Reset is not a true exception because the
interrupt controller is not involved in the Reset process.
The PIC24F devices clear their registers in response to
a Reset which forces the PC to zero. The micro-
controller then begins program execution at location
000000h. The user programs a GOTO instruction at the
Reset address, which redirects program execution to
the appropriate start-up routine.

Note: Any unimplemented or unused vector
locations in the IVT and AIVT should be
programmed with the address of a default
interrupt handler routine that contains a
RESET instruction.
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FIGURE 6-1: PIC24F INTERRUPT VECTOR TABLE

Reset — GOTO Instruction | 000000h
Reset — GOTO Address 000002h
Reserved 000004h
Oscillator Fail Trap Vector
Address Error Trap Vector
Stack Error Trap Vector
Math Error Trap Vector
Reserved
Reserved
Reserved
Interrupt Vector 0 000014h
Interrupt Vector 1

Interrupt Vector 52 00007Ch 1
-‘g Interrupt Vector 53 00007Eh Interrupt Vector Table (IVT)("
£ Interrupt Vector 54 000080h
3 —
o —
g Interrupt Vector 116 0000FCh _|
§ Interrupt Vector 117 0000FENh
o Reserved 000100h
£ Reserved 000102h
o Reserved
g Oscillator Fail Trap Vector
o

Address Error Trap Vector
Stack Error Trap Vector
Math Error Trap Vector

Reserved

Reserved -

Reserved
Interrupt Vector 0 000114h
Interrupt Vector 1

— Alternate Interrupt Vector Table (AIVT)("

Interrupt Vector 52 00017Ch
Interrupt Vector 53 00017Eh
Interrupt Vector 54 000180h

Interrupt Vector 116
\J Interrupt Vector 117 0001FEh
Start of Code 000200h

Note 1: See Table 6-2 for the interrupt vector list.

TABLE 6-1: TRAP VECTOR DETAILS

Vector Number IVT Address AIVT Address Trap Source
0 000004h 000104h Reserved
1 000006h 000106h Oscillator Failure
2 000008h 000108h Address Error
3 00000AhN 00010Ah Stack Error
4 00000Ch 00010Ch Math Error
5 00000Eh 00010Eh Reserved
6 000010h 000110h Reserved
7 000012h 0001172h Reserved
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TABLE 6-2: IMPLEMENTED INTERRUPT VECTORS
Interrupt Source h}/ue ;t:;r IVT Address A:(:I\r/:ss Interrupt Bit Locations —
Flag Enable Priority
ADC1 Conversion Done 13 00002Eh 00012Eh IFS0<13> IEC0<13> IPC3<6:4>
Comparator Event 18 000038h 000138h IFS1<2> IEC1<2> IPC4<10:8>
CRC Generator 67 00009Ah 00019Ah IFS4<3> IEC4<3> IPC16<14:12>
CTMU Event 77 0000AEh 0001AEh IFS4<13> IEC4<13> IPC19<6:4>
External Interrupt 0 0 000014h 000114h IFS0<0> IEC0<0> IPC0<2:0>
External Interrupt 1 20 00003Ch 00013Ch IFS1<4> IEC1<4> IPC5<2:0>
External Interrupt 2 29 00004Eh 00014Eh IFS1<13> IEC1<13> IPC7<6:4>
External Interrupt 3 53 00007Eh 00017Eh IFS3<5> IEC3<5> IPC13<6:4>
External Interrupt 4 54 000080h 000180h IFS3<6> IEC3<6> IPC13<10:8>
12C1 Master Event 17 000036h 000136h IFS1<1> IEC1<1> IPC4<6:4>
I12C1 Slave Event 16 000034h 000134h IFS1<0> IEC1<0> IPC4<2:0>
12C2 Master Event 50 000078h 000178h IFS3<2> IEC3<2> IPC12<10:8>
I12C2 Slave Event 49 000076h 000176h IFS3<1> IEC3<1> IPC12<6:4>
12C3 Master Event 85 0000BEh 0001BEh IFS5<5> IEC5<5> IPC21<6:4>
I12C3 Slave Event 84 0000BCh 0001BCh IFS5<4> IEC5<4> IPC21<2:0>
Input Capture 1 1 000016h 000116h IFS0<1> IECO<1> IPC0<6:4>
Input Capture 2 5 00001Eh 00011Eh IFS0<5> IEC0<5> IPC1<6:4>
Input Capture 3 37 00005Eh 00015Eh IFS2<5> IEC2<5> IPC9<6:4>
Input Capture 4 38 000060h 000160h IFS2<6> IEC2<6> IPC9<10:8>
Input Capture 5 39 000062h 000162h IFS2<7> IEC2<7> IPC9<14:12>
Input Capture 6 40 000064h 000164h IFS2<8> IEC2<8> IPC10<2:0>
Input Capture 7 22 000040h 000140h IFS1<6> IEC1<6> IPC5<10:8>
Input Capture 8 23 000042h 000142h IFS1<7> IEC1<7> IPC5<14:12>
Input Capture 9 93 0000CEh 0001CEh IFS5<13> IEC5<13> IPC23<6:4>
Input Change Notification 19 00003Ah 00013Ah IFS1<3> IEC1<3> IPC4<14:12>
LVD Low-Voltage Detect 72 0000A4h 0001A4h IFS4<8> IEC4<8> IPC18<2:0>
Output Compare 1 2 000018h 000118h IFS0<2> IEC0<2> IPC0<10:8>
Output Compare 2 6 000020h 000120h IFS0<6> IEC0<6> IPC1<10:8>
Output Compare 3 25 000046h 000146h IFS1<9> IEC1<9> IPC6<6:4>
Output Compare 4 26 000048h 000148h IFS1<10> IEC1<10> IPC6<10:8>
Output Compare 5 41 000066h 000166h IFS2<9> IEC2<9> IPC10<6:4>
Output Compare 6 42 000068h 000168h IFS2<10> IEC2<10> IPC10<10:8>
Output Compare 7 43 00006Ah 00016Ah IFS2<11> IEC2<11> IPC10<14:12>
Output Compare 8 44 00006Ch 00016Ch IFS2<12> IEC2<12> IPC11<2:0>
Output Compare 9 92 0000CCh 0001CCh IFS5<12> IEC5<12> IPC23<2:0>
Parallel Master Port 45 00006Eh 00016Eh IFS2<13> IEC2<13> IPC11<6:4>
Real-Time Clock/Calendar 62 000090h 000190h IFS3<14> IEC3<14> IPC15<10:8>
SPI1 Error 9 000026h 000126h IFS0<9> IEC0<9> IPC2<6:4>
SPI1 Event 10 000028h 000128h IFS0<10> IEC0<10> IPC2<10:8>
SPI2 Error 32 000054h 000154h IFS2<0> IEC2<0> IPC8<2:0>
SPI2 Event 33 000056h 000156h IFS2<1> IEC2<1> IPC8<6:4>
SPI3 Error 90 0000C8h 0001C8h IFS5<10> IEC5<10> IPC22<10:8>
SPI3 Event 91 0000CAh 0001CAh IFS5<11> IEC5<11> IPC22<14:12>
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TABLE 6-2: IMPLEMENTED INTERRUPT VECTORS (CONTINUED)
Interrupt Source p}lj :‘t:;r IVT Address Ac?cll\rlt;rss Interrupt Bit Locations —
Flag Enable Priority

Timer1 00001Ah 00011Ah IFS0<3> IEC0<3> IPC0<14:12>
Timer2 000022h 000122h IFS0<7> IECO<7> IPC1<14:12>
Timer3 000024h 000124h IFS0<8> IEC0<8> IPC2<2:0>
Timer4 27 00004Ah 00014Ah IFS1<11> IEC1<11> IPC6<14:12>
Timer5 28 00004Ch 00014Ch IFS1<12> IEC1<12> IPC7<2:0>
UART1 Error 65 000096h 000196h IFS4<1> IEC4<1> IPC16<6:4>
UART1 Receiver 11 00002Ah 00012Ah IFS0<11> IEC0<11> IPC2<14:12>
UART1 Transmitter 12 00002Ch 00012Ch IFS0<12> IEC0<12> IPC3<2:0>
UART2 Error 66 000098h 000198h IFS4<2> IEC4<2> IPC16<10:8>
UART2 Receiver 30 000050h 000150h IFS1<14> IEC1<14> IPC7<10:8>
UART2 Transmitter 31 000052h 000152h IFS1<15> IEC1<15> IPC7<14:12>
UART3 Error 81 0000B6h 0001B6h IFS5<1> IEC5<1> IPC20<6:4>
UART3 Receiver 82 0000B8h 0001B8h IFS5<2> IEC5<2> IPC20<10:8>
UART3 Transmitter 83 0000BAh 0001BAh IFS5<3> IEC5<3> IPC20<14:12>
UART4 Error 87 0000C2h 0001C2h IFS5<7> IEC5<7> IPC21<14:12>
UART4 Receiver 88 0000C4h 0001C4h IFS5<8> IEC5<8> IPC22<2:0>
UART4 Transmitter 89 0000C6h 0001C6h IFS5<9> IEC5<9> IPC22<6:4>

6.3 Interrupt Control and Status
Registers

The PIC24FJ256GA110 family of devices implements
a total of 36 registers for the interrupt controller:

* INTCON1

* INTCON2

* IFSO through IFS5

» |IECO through IEC5

» IPCO through IPC23 (except IPC14 and IPC17)

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the Inter-
rupt Nesting Disable (NSTDIS) bit, as well as the
control and status flags for the processor trap sources.
The INTCON2 register controls the external interrupt
request signal behavior and the use of the Alternate
Interrupt Vector Table.

The IFSx registers maintain all of the interrupt request
flags. Each source of interrupt has a status bit which is
set by the respective peripherals, or an external signal,
and is cleared via software.

The IECx registers maintain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

The IPCx registers are used to set the interrupt priority
level for each source of interrupt. Each user interrupt
source can be assigned to one of eight priority levels.

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the order of their vector numbers,
as shown in Table 6-2. For example, the INTO (External
Interrupt 0) is shown as having a vector number and a
natural order priority of 0. Thus, the INTOIF status bit is
found in IFS0<0>, the INTOIE enable bit in IEC0<0>
and the INTOIP<2:0> priority bits in the first position of
IPCO (IPC0<2:0>).

Although they are not specifically part of the interrupt
control hardware, two of the CPU control registers con-
tain bits that control interrupt functionality. The ALU
STATUS register (SR) contains the IPL2:IPLO bits
(SR<7:5>). These indicate the current CPU interrupt
priority level. The user may change the current CPU
priority level by writing to the IPL bits.

The CORCON register contains the IPL3 bit, which
together with IPL2:IPLO, indicates the current CPU pri-
ority level. IPL3 is a read-only bit so that trap events
cannot be masked by the user software.

All interrupt registers are described in Register 6-1
through Register 6-38, in the following pages.
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REGISTER 6-1: SR: ALU STATUS REGISTER (IN CPU)
uU-0 uU-0 uU-0 uU-0 u-0 uU-0 uU-0 R-0
_ — _ — | _ | _ — pc™®
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2(23) IPL1(23) IPLO(3) RA() N ovM z" ct
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 7-5 IPL2:IPLO: CPU Interrupt Priority Level Status bits(23)
111 = CPU interrupt priority level is 7 (15). User interrupts disabled.
110 = CPU interrupt priority level is 6 (14)
101 = CPU interrupt priority level is 5 (13)
100 = CPU interrupt priority level is 4 (12)
011 = CPU interrupt priority level is 3 (11)
010 = CPU interrupt priority level is 2 (10)
001 = CPU interrupt priority level is 1 (9)
000 = CPU interrupt priority level is 0 (8)
Note 1: See Register 2-1 for the description of the remaining bit(s) that are not dedicated to interrupt control
functions.
2: The IPL bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU interrupt priority level.
The value in parentheses indicates the interrupt priority level if IPL3 = 1.
3: The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.
REGISTER 6-2: CORCON: CPU CONTROL REGISTER
uU-0 uU-0 u-0 uU-0 u-0 u-0 uU-0 uU-0
bit 15 bit 8
u-0 uU-0 u-0 uU-0 R/C-0 R/W-0 uU-0 U-0
— — — — 1PL3(2) psv(! — —
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 3 IPL3: CPU Interrupt Priority Level Status bit(
1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less
Note 1: See Register 2-2 for the description of the remaining bit(s) that are not dedicated to interrupt control

functions.
The IPL3 bit is concatenated with the IPL2:IPLO bits (SR<7:5>) to form the CPU interrupt priority level.
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REGISTER 6-3: INTCON1: INTERRUPT CONTROL REGISTER 1

R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
NSTDIS — — — — — — —
bit 15 bit 8
uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
— — — MATHERR | ADDRERR STKERR OSCFAIL —
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 15 NSTDIS: Interrupt Nesting Disable bit

1 = Interrupt nesting is disabled
0 = Interrupt nesting is enabled
bit 14-5 Unimplemented: Read as ‘0’
bit 4 MATHERR: Arithmetic Error Trap Status bit

1 = Overflow trap has occurred
0 = Overflow trap has not occurred

bit 3 ADDRERR: Address Error Trap Status bit

1 = Address error trap has occurred
0 = Address error trap has not occurred

bit 2 STKERR: Stack Error Trap Status bit

1 = Stack error trap has occurred
0 = Stack error trap has not occurred

bit 1 OSCFAIL: Oscillator Failure Trap Status bit

1 = Oscillator failure trap has occurred
0 = Oscillator failure trap has not occurred

bit 0 Unimplemented: Read as ‘0’
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REGISTER 6-4: INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-0 R-0 U-0 uU-0 uU-0 u-0 uU-0 uU-0
ALTIVT DISI — — — — — —
bit 15 bit 8
U-0 U-0 uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
— — — — — INT2EP INT1EP INTOEP
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 15 ALTIVT: Enable Alternate Interrupt Vector Table bit

1 = Use Alternate Interrupt Vector Table
0 = Use standard (default) vector table

bit 14 DISI: DIST Instruction Status bit
1 = DISI instruction is active
0 = DIST instruction is not active

bit 13-3 Unimplemented: Read as ‘0’

bit 2 INT2EP: External Interrupt 2 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 1 INT1EP: External Interrupt 1 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 0 INTOEP: External Interrupt 0 Edge Detect Polarity Select bit

1 = Interrupt on negative edge
0 = Interrupt on positive edge
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REGISTER 6-5: IFS0: INTERRUPT FLAG STATUS REGISTER 0
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— |  — ] ADWF | UITXIF | UIRXIF | SPMIF SPF1IF T3IF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
T2IF OC2IF IC2IF — T1IF OC1IF IC1IF INTOIF
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 15-14 Unimplemented: Read as ‘0’
bit 13 AD1IF: A/D Conversion Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 UATXIF: UART1 Transmitter Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 U1RXIF: UART1 Receiver Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 SPIMIF: SPI1 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 SPF1IF: SPI1 Fault Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 T3IF: Timer3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 T2IF: Timer2 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 OC2IF: Output Compare Channel 2 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 IC2IF: Input Capture Channel 2 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 Unimplemented: Read as ‘0’
bit 3 T1IF: Timer1 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 2 OCA1IF: Output Compare Channel 1 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 IC1IF: Input Capture Channel 1 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 INTOIF: External Interrupt O Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-6: IFS1: INTERRUPT FLAG STATUS REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
U2TXIF | U2RXIF | INT2F | T5F | T4IF | OC4IF OC3IF —

bit 15 bit 8
R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC8IF IC7IF — INT1IF CNIF CMIF MI2C1IF SI2C1IF

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 15 U2TXIF: UART2 Transmitter Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 14 U2RXIF: UART2 Receiver Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 13 INT2IF: External Interrupt 2 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 T5IF: Timer5 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 T4IF: Timer4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 OCA4IF: Output Compare Channel 4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 OC3IF: Output Compare Channel 3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 Unimplemented: Read as ‘0’
bit 7 IC8IF: Input Capture Channel 8 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 IC7IF: Input Capture Channel 7 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 Unimplemented: Read as ‘0’
bit 4 INT1IF: External Interrupt 1 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 CNIF: Input Change Noatification Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 2 CMIF: Comparator Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 MI2C1IF: Master 12C1 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 SI2C1IF: Slave 12C1 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-7: IFS2: INTERRUPT FLAG STATUS REGISTER 2

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — PMPIF OCS8IF OCT7IF OC6IF OCS5IF IC6IF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 U-0 u-0 R/W-0 R/W-0
IC5IF IC41F IC3IF — — — SPI2IF SPF2IF
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 15-14 Unimplemented: Read as ‘0’
bit 13 PMPIF: Parallel Master Port Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 OCS8IF: Output Compare Channel 8 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 OCT7IF: Output Compare Channel 7 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 OCG6IF: Output Compare Channel 6 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 OCSIF: Output Compare Channel 5 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 ICG6IF: Input Capture Channel 6 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 IC5IF: Input Capture Channel 5 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 IC4IF: Input Capture Channel 4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 IC3IF: Input Capture Channel 3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4-2 Unimplemented: Read as ‘0’
bit 1 SPI2IF: SPI2 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 SPF2IF: SPI2 Fault Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-8: IFS3: INTERRUPT FLAG STATUS REGISTER 3

uU-0 R/W-0 u-0 uU-0 uU-0 u-0 uU-0 u-0
— RTCIF — — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 U-0 uU-0 R/W-0 R/W-0 uU-0
— INT4IF INT3IF — — MI2C2IF SI2C2IF —
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 15 Unimplemented: Read as ‘0’
bit 14 RTCIF: Real-Time Clock/Calendar Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 13-7 Unimplemented: Read as ‘0’
bit 6 INT4IF: External Interrupt 4 Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 5 INT3IF: External Interrupt 3 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 4-3 Unimplemented: Read as ‘0’
bit 2 MI2C2IF: Master 12C2 Event Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 SI2C2IF: Slave 12C2 Event Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 Unimplemented: Read as ‘0’
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REGISTER 6-9: IFS4: INTERRUPT FLAG STATUS REGISTER 4
U-0 U-0 R/W-0 U-0 U-0 u-0 U-0 R/W-0
— — CTMUIF — — — — LVDIF
bit 15 bit 8
U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 U-0
— — — — CRCIF U2ERIF U1ERIF —
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 15-14
bit 13

bit 12-9
bit 8

bit 7-4
bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’
CTMUIF: CTMU Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

Unimplemented: Read as ‘0’
LVDIF: Low-Voltage Detect Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

Unimplemented: Read as ‘0’
CRCIF: CRC Generator Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

U2ERIF: UART2 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

U1ERIF: UART1 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

Unimplemented: Read as ‘0’
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REGISTER 6-10: IFS5: INTERRUPT FLAG STATUS REGISTER 5

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — | 1caF | ocCaF | SPIBIF | SPF3IF U4TXIF U4RXIF
bit 15 bit 8
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
U4ERIF — MI2C3IF SI2C3IF U3TXIF U3RXIF U3ERIF —
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 15-14 Unimplemented: Read as ‘0’
bit 13 ICOIF: Input Capture Channel 9 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 OCIIF: Output Compare Channel 9 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 SPI3IF: SPI3 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 SPF3IF: SPI3 Fault Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 U4TXIF: UART4 Transmitter Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 U4RXIF: UART4 Receiver Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 U4ERIF: UART4 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 Unimplemented: Read as ‘0’
bit 5 MI2C3IF: Master 12C3 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 SI2C3IF: Slave 12C3 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 U3TXIF: UART3 Transmitter Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 2 U3RXIF: UART3 Receiver Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 U3ERIF: UARTS3 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 Unimplemented: Read as ‘0’
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REGISTER 6-11:

IECO: INTERRUPT ENABLE CONTROL REGISTER 0

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — | ADIE | UITXIE | UIRXIE | SPHMIE | SPFIIE T3IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
T2IE OC2IE IC2IE — T1IE OC1IE IC1IE INTOIE
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 15-14
bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4
bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’

AD1IE: A/D Conversion Complete Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

UMTXIE: UART1 Transmitter Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

U1RXIE: UART1 Receiver Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

SPHMIE: SPI1 Transfer Complete Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

SPF1IE: SPI1 Fault Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

T3IE: Timer3 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

T2IE: Timer2 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

OC2IE: Output Compare Channel 2 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

IC2IE: Input Capture Channel 2 Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

Unimplemented: Read as ‘0’

T1IE: Timer1 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

OCH1IE: Output Compare Channel 1 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

IC1IE: Input Capture Channel 1 Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

INTOIE: External Interrupt O Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled
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REGISTER 6-12: IEC1: INTERRUPT ENABLE CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0
U2TXIE | U2RXIE | INT2E® |  T5E | T4E | OC4IE OC3IE —

bit 15 bit 8
R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC8IE IC7IE — INT1IE™ CNIE CMIE MI2C1IE SI2C1IE

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 15 U2TXIE: UART2 Transmitter Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 14 U2RXIE: UART2 Receiver Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 13 INT2IE: External Interrupt 2 Enable bit(")
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 12 TS5IE: Timer5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 11 T4IE: Timer4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 10 OCA4IE: Output Compare Channel 4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 9 OC3IE: Output Compare Channel 3 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 8 Unimplemented: Read as ‘0’
bit 7 IC8IE: Input Capture Channel 8 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 6 IC7IE: Input Capture Channel 7 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 5 Unimplemented: Read as ‘0’
bit 4 INT1IE: External Interrupt 1 Enable bit(")
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 3 CNIE: Input Change Notification Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 2 CMIE: Comparator Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

Note 1: If an external interrupt is enabled, the interrupt input must also be configured to an available RPn or RPIn

pin. See Section 9.4 “Peripheral Pin Select” for more information.
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REGISTER 6-12: IEC1: INTERRUPT ENABLE CONTROL REGISTER 1 (CONTINUED)

bit 1 MI2C1IE: Master 12C1 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 0 SI2C1IE: Slave 12C1 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

Note 1: If an external interrupt is enabled, the interrupt input must also be configured to an available RPn or RPIn
pin. See Section 9.4 “Peripheral Pin Select” for more information.
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REGISTER 6-13: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — PMPIE OCS8IE OC7IE OC6IE OCS5IE IC6IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 U-0 u-0 R/W-0 R/W-0
IC5IE IC4IE IC3IE — — — SPI2IE SPF2IE
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 15-14 Unimplemented: Read as ‘0’
bit 13 PMPIE: Parallel Master Port Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 12 OCS8IE: Output Compare Channel 8 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 11 OC7IE: Output Compare Channel 7 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 10 OCG6IE: Output Compare Channel 6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 9 OCSIE: Output Compare Channel 5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 8 IC6IE: Input Capture Channel 6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 7 ICSIE: Input Capture Channel 5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 6 IC4IE: Input Capture Channel 4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 5 IC3IE: Input Capture Channel 3 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 4-2 Unimplemented: Read as ‘0’
bit 1 SPI2IE: SPI2 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 0 SPF2IE: SPI2 Fault Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 6-14:

IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

uU-0 R/W-0 uU-0 uU-0 uU-0 U-0 U-0 U-0
— RTCIE — — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 U-0
— INT4IE( INT3IE™ — — MI2C2IE SI2C2IE —
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 15
bit 14

bit 13-7
bit 6

bit 5

bit 4-3
bit 2

bit 1

bit 0
Note 1:

Unimplemented: Read as ‘0’

RTCIE: Real-Time Clock/Calendar Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

Unimplemented: Read as ‘0’

INT4IE: External Interrupt 4 Enable bit(")

1 = Interrupt request enabled
0 = Interrupt request not enabled

INT3IE: External Interrupt 3 Enable bit(")

1 = Interrupt request enabled

0 = Interrupt request not enabled
Unimplemented: Read as ‘0’

MI2C2IE: Master [12C2 Event Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

SI2C2IE: Slave 12C2 Event Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled
Unimplemented: Read as ‘0’

If an external interrupt is enabled, the interrupt input must also be configured to an available RPn or RPIn
pin. See Section 9.4 “Peripheral Pin Select” for more information.
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REGISTER 6-15: IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

u-0 U-0 R/W-0 U-0 U-0 u-0 U-0 R/W-0
— — CTMUIE — — — — LVDIE
bit 15 bit 8
u-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 U-0
— — — — CRCIE U2ERIE U1ERIE —
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 15-14 Unimplemented: Read as ‘0’
bit 13 CTMUIE: CTMU Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 12-9 Unimplemented: Read as ‘0’
bit 8 LVDIE: Low-Voltage Detect Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 7-4 Unimplemented: Read as ‘0’

bit 3 CRCIE: CRC Generator Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 2 U2ERIE: UART2 Error Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 1 U1ERIE: UART1 Error Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 0 Unimplemented: Read as ‘0’
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REGISTER 6-16:

IEC5: INTERRUPT ENABLE CONTROL REGISTER 5

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — | 1IcoE | OC9E | SPIBIE | SPF3IE | U4TXIE U4RXIE
bit 15 bit 8
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0
U4ERIE — MI2C3IE SI2C3IE U3TXIE U3RXIE U3ERIE —
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 15-14 Unimplemented: Read as ‘0’
bit 13 IC9IE: Input Capture Channel 9 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 12 OC9IE: Output Compare Channel 9 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 11 SPI3IE: SPI3 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 10 SPF3IE: SPI3 Fault Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 9 U4TXIE: UART4 Transmitter Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 8 U4RXIE: UART4 Receiver Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 7 U4ERIE: UART4 Error Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 6 Unimplemented: Read as ‘0’
bit 5 MI2C3IE: Master 12C3 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 4 SI2C3IE: Slave 12C3 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 3 U3TXIE: UART3 Transmitter Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 2 U3RXIE: UART3 Receiver Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 1 U3ERIE: UART3 Error Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 0 Unimplemented: Read as ‘0’
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REGISTER 6-17: IPCO: INTERRUPT PRIORITY CONTROL REGISTER 0

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T1IP2 T1IP1 T1IPO — OC1IP2 OC1IP1 OC1IPO
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— IC11P2 IC11P1 IC1IPO — INTOIP2 INTOIP1 INTOIPO
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 15 Unimplemented: Read as ‘0’

bit 14-12 T1IP2:T11P0: Timer1 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 OC11P2:0C1IP0: Output Compare Channel 1 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IC1IP2:IC11PO: Input Capture Channel 1 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 INTOIP2:INTOIPO: External Interrupt O Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-18:

IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— T2IP2 T2IP1 T2IPO — OC2IP2 OC2IP1 OC2IP0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— IC2IP2 IC2IP1 IC2IPO — — — —
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 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3-0

Unimplemented: Read as ‘0’

T2IP2:T2IP0: Timer2 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

OC2IP2:0C2IP0: Output Compare Channel 2 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

IC2IP2:IC2IP0: Input Capture Channel 2 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’
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REGISTER 6-19: IPC2: INTERRUPT PRIORITY CONTROL REGISTER 2

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— U1RXIP2 U1RXIP1 U1RXIPO — SPI1IP2 SPI1IP1 SPI1IPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— SPF1IP2 SPF11P1 SPF1IPO — T3IP2 T3IP1 T3IPO
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 15 Unimplemented: Read as ‘0’

bit 14-12 U1RXIP2:U1RXIP0: UART1 Receiver Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 SPI1IP2:SPI1IP0: SPI1 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 SPF1IP2:SPF1IP0: SPI1 Fault Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 T3IP2:T3IP0: Timer3 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-20: IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

uU-0 uU-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— AD1IP2 AD1IP1 AD1IPO — U1TXIP2 U1TXIP1 U1TXIPO
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 15-7 Unimplemented: Read as ‘0’
bit 6-4 AD1IP2:AD1IP0: A/D Conversion Complete Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 UMTXIP2:U1TXIPO: UART1 Transmitter Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-21:

IPC4: INTERRUPT PRIORITY CONTROL REGISTER 4

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— CNIP2 CNIP1 CNIPO — CMIP2 CMIP1 CMIPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— MI2C1P2 MI2C1P1 MI2C1PO — SI2C1P2 SI2C1P1 SI2C1P0
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 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

CNIP2:CNIPO: Input Change Notification Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

CMIP2:CMIPO: Comparator Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

MI2C1P2:MI2C1P0: Master I12C1 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

SI12C1P2:SI12C1P0: Slave 12C1 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-22:

IPC5: INTERRUPT PRIORITY CONTROL REGISTER 5

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0

— IC8IP2 IC8IP1 IC8IPO — IC7IP2 IC7IP1 IC7IPO
bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0

— — — — — INT1IP2 INT1IP1 INT1IPO
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 15
bit 14-12

bit 11
bit 10-8

bit 7-3
bit 2-0

Unimplemented: Read as ‘0’

IC8IP2:IC8IPO: Input Capture Channel 8 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

IC7IP2:IC71PO: Input Capture Channel 7 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

INT1IP2:INT11IPO: External Interrupt 1 Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled
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REGISTER 6-23:

IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— T41P2 T41P1 T4IPO — OC41P2 OC4IP1 OC4IP0O
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— OC3IP2 OC3IP1 OC3IPO — — — —
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 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3-0

Unimplemented: Read as ‘0’

T4IP2:T4IP0: Timer4 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

OC41P2:0C4IP0: Output Compare Channel 4 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

OC3IP2:0C3IP0: Output Compare Channel 3 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’
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REGISTER 6-24:

IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— U2TXIP2 U2TXIP1 U2TXIPO — U2RXIP2 U2RXIP1 U2RXIPO
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— INT2IP2 INT2IP1 INT2IPO — T5IP2 T5IP1 T5IPO
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 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

U2TXIP2:U2TXIP0: UART2 Transmitter Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

U2RXIP2:U2RXIP0: UART2 Receiver Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

INT2IP2:INT2IPO: External Interrupt 2 Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

T5IP2:T5IP0: Timer5 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled
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REGISTER 6-25: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— SPI2IP2 SPI2IP1 SPI2IPO — SPF2IP2 SPF2IP1 SPF2IPO
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 15-7 Unimplemented: Read as ‘0’
bit 6-4 SPI2IP2:SPI2IP0: SPI2 Event Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 SPF2IP2:SPF2IP0: SPI2 Fault Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-26:

IPC9: INTERRUPT PRIORITY CONTROL REGISTER 9

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— IC5IP2 IC5IP1 IC5IP0 — IC41P2 IC41P1 IC41P0
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— IC3IP2 IC3IP1 IC3IPO — — — —
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 15 Unimplemented: Read as ‘0’

bit 14-12 IC5IP2:IC5IP0: Input Capture Channel 5 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 IC4IP2:1C4IP0: Input Capture Channel 4 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 IC3IP2:IC3IPO: Input Capture Channel 3 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 6-27: IPC10: INTERRUPT PRIORITY CONTROL REGISTER 10

U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— OC71P2 OC7IP1 OC7IP0 — 0Ce6IP2 OC6IP1 OC6IPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— OC5IP2 OC5IP1 OC5IPO — IC6IP2 IC6IP1 IC6IPO
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 15 Unimplemented: Read as ‘0’
bit 14-12 OC71P2:0C7IP0: Output Compare Channel 7 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 0OC6IP2:0C6IP0: Output Compare Channel 6 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 OC5IP2:0C5IP0: Output Compare Channel 5 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 IC6IP2:IC61P0: Input Capture Channel 6 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-28: IPC11: INTERRUPT PRIORITY CONTROL REGISTER 11
u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-0
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— PMPIP2 PMPIP1 PMPIPO — OCsIP2 OCs8IP1 OC8IPO
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 15-7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

PMPIP2:PMPIPO: Parallel Master Port Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

OC8IP2:0C8IP0: Output Compare Channel 8 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled
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REGISTER 6-29:

IPC12: INTERRUPT PRIORITY CONTROL REGISTER 12

u-0 uU-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — MI2C2P2 MI2C2P1 MI2C2P0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 u-0
— SI2C2P2 SI2C2P1 SI2C2P0 — — — —
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 15-11
bit 10-8

bit 7
bit 6-4

bit 3-0

Unimplemented: Read as ‘0’

MI2C2P2:MI2C2P0: Master I12C2 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

SI2C2P2:S12C2P0: Slave 12C2 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’
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REGISTER 6-30:

IPC13: INTERRUPT PRIORITY CONTROL REGISTER 13

u-0 U-0 U-0 u-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — INT41P2 INT41P1 INT4IPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 u-0
— INT3IP2 INT3IP1 INT3IPO — — — —
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 15-11 Unimplemented: Read as ‘0’

bit 10-8 INT4IP2:INT4IPO: External Interrupt 4 Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 INT3IP2:INT3IPO: External Interrupt 3 Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 6-31: IPC15: INTERRUPT PRIORITY CONTROL REGISTER 15

U-0 uU-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — RTCIP2 RTCIP1 RTCIPO
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
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 15-11 Unimplemented: Read as ‘0’
bit 10-8 RTCIP2:RTCIPO: Real-Time Clock/Calendar Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7-0 Unimplemented: Read as ‘0’
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REGISTER 6-32:

IPC16: INTERRUPT PRIORITY CONTROL REGISTER 16

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— CRCIP2 CRCIP1 CRCIPO — U2ERIP2 U2ERIP1 U2ERIPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 u-0
— U1ERIP2 U1ERIP1 U1ERIPO — — — —
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 15 Unimplemented: Read as ‘0’

bit 14-12 CRCIP2:CRCIP0: CRC Generator Error Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 U2ERIP2:U2ERIP0: UART2 Error Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 U1ERIP2:U1ERIPO: UART1 Error Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 6-33: IPC18: INTERRUPT PRIORITY CONTROL REGISTER 18

U-0 U-0 u-0 u-0 U-0 U-0 U-0 U-0
bit 15 bit 8
u-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — LVDIP2 LVDIP1 LVDIPO
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 15-3 Unimplemented: Read as ‘0’
bit 2-0 LVDIP2:LVDIPO: Low-Voltage Detect Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

REGISTER 6-34: IPC19: INTERRUPT PRIORITY CONTROL REGISTER 19

U-0 U-0 U-0 u-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 uU-0 U-0 U-0 u-0
— CTMUIP2 CTMUIP1 CTMUIPO — — — —
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 15-7 Unimplemented: Read as ‘0’
bit 6-4 CTMUIP2:CTMUIPO: CTMU Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 6-35:

IPC20: INTERRUPT PRIORITY CONTROL REGISTER 20

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— U3TXIP2 U3TXIP1 U3TXIPO — U3RXIP2 U3RXIP1 U3RXIPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 u-0
— U3ERIP2 U3ERIP1 U3ERIPO — — — —
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 15 Unimplemented: Read as ‘0’

bit 14-12 U3TXIP2:U3TXIP0: UART3 Transmitter Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 U3RXIP2:U3RXIP0: UART3 Receiver Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 U3ERIP2:U3ERIP0: UART3 Error Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 6-36: IPC21: INTERRUPT PRIORITY CONTROL REGISTER 21

u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 U-0
— U4ERIP2 U4ERIP1 U4ERIPO — — — —
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— MI2C3P2 MI2C3P1 MI2C3P0 — SI2C3P2 SI2C3P1 SI2C3P0
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 15 Unimplemented: Read as ‘0’

bit 14-12 U4ERIP2:U4ERIPO: UART4 Error Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11-7 Unimplemented: Read as ‘0’

bit 6-4 MI2C3P2:MI2C3P0: Master I12C3 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 SI2C3P2:SI12C3P0: Slave 12C3 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 6-37:

IPC22: INTERRUPT PRIORITY CONTROL REGISTER 22

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0

— SPI3IP2 SPI3IP1 SPI3IPO — SPF3IP2 SPF3IP1 SPF3IP0O
bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0

— U4TXIP2 U4TXIP1 U4TXIPO — U4RXIP2 U4RXIP1 U4RXIPO
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 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

SPI3IP2:SP3IP0: SPI3 Event Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

SPF3IP2:SPF3IP0: SPI3 Fault Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

U4TXIP2:U4TXIP0: UART4 Transmitter Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

U4RXIP2:U4RXIP0: UART4 Receiver Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled
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REGISTER 6-38: IPC23: INTERRUPT PRIORITY CONTROL REGISTER 23

U-0 U-0 u-0 u-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— IC9IP2 IC9OIP1 IC9IPO — OC9IP2 OC9IP1 OC9IPO
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 15-7 Unimplemented: Read as ‘0’
bit 6-4 IC9IP2:IC9IPO: Input Capture Channel 9 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 OC9IP2:0C9IP0: Output Compare Channel 9 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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6.4 Interrupt Setup Procedures

6.4.1 INITIALIZATION
To configure an interrupt source:

1. Set the NSTDIS Control bit (INTCON1<15>) if
nested interrupts are not desired.

2. Select the user-assigned priority level for the
interrupt source by writing the control bits in the
appropriate IPCx register. The priority level will
depend on the specific application and type of
interrupt source. If multiple priority levels are not
desired, the IPCx register control bits for all
enabled interrupt sources may be programmed
to the same non-zero value.

Note: At a device Reset, the IPCx registers are
initialized, such that all user interrupt
sources are assigned to priority level 4.

3. Clear the interrupt status flag bit associated with
the peripheral in the associated |IFSx register.

4. Enable the interrupt source by setting the
interrupt enable control bit associated with the
source in the appropriate IECx register.

6.4.2 INTERRUPT SERVICE ROUTINE

The method that is used to declare an ISR and initialize
the IVT with the correct vector address will depend on
the programming language (i.e., ‘C’ or assembler) and
the language development toolsuite that is used to
develop the application. In general, the user must clear
the interrupt flag in the appropriate IFSx register for the
source of the interrupt that the ISR handles. Otherwise,
the ISR will be re-entered immediately after exiting the
routine. If the ISR is coded in assembly language, it
must be terminated using a RETFIE instruction to
unstack the saved PC value, SRL value and old CPU
priority level.

6.4.3 TRAP SERVICE ROUTINE

A Trap Service Routine (TSR) is coded like an ISR,
except that the appropriate trap status flag in the
INTCON1 register must be cleared to avoid re-entry
into the TSR.

6.4.4 INTERRUPT DISABLE

All user interrupts can be disabled using the following
procedure:

1. Push the current SR value onto the software
stack using the PUSH instruction.

2. Force the CPU to priority level 7 by inclusive
ORing the value OEh with SRL.

To enable user interrupts, the POP instruction may be
used to restore the previous SR value.

Note that only user interrupts with a priority level of 7 or
less can be disabled. Trap sources (level 8-15) cannot
be disabled.

The DISTI instruction provides a convenient way to
disable interrupts of priority levels 1-6 for a fixed period
of time. Level 7 interrupt sources are not disabled by
the DISTI instruction.

DS39905B-page 102

Preliminary

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

7.0 OSCILLATOR
CONFIGURATION
Note: This data sheet summarizes the features

of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 6. Oscillator” (DS39700).

The oscillator system for PIC24FJ256GA110 family
family devices has the following features:

A total of four external and internal oscillator options
as clock sources, providing 11 different clock modes

» On-chip 4x PLL to boost internal operating frequency
on select internal and external oscillator sources

FIGURE 7-1:

A
in

Software-controllable switching between various
clock sources

Software-controllable postscaler for selective
clocking of CPU for system power savings

A Fail-Safe Clock Monitor (FSCM) that detects
clock failure and permits safe application recovery
or shutdown

A separate and independently configurable system
clock output for synchronizing external hardware

simplified diagram of the oscillator system is shown
Figure 7-1.
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71 CPU Clocking Scheme

The system clock source can be provided by one of
four sources:

* Primary Oscillator (POSC) on the OSCI and
OSCO pins

» Secondary Oscillator (SOSC) on the SOSCI and
SOSCO pins

» Fast Internal RC (FRC) Oscillator

* Low-Power Internal RC (LPRC) Oscillator

The primary oscillator and FRC sources have the
option of using the internal 4x PLL. The frequency of
the FRC clock source can optionally be reduced by the
programmable clock divider. The selected clock source
generates the processor and peripheral clock sources.

The processor clock source is divided by two to pro-
duce the internal instruction cycle clock, Fcy. In this
document, the instruction cycle clock is also denoted
by Fosc/2. The internal instruction cycle clock, Fosc/2,
can be provided on the OSCO 1/O pin for some
operating modes of the primary oscillator.

7.2 Initial Configuration on POR

The oscillator source (and operating mode) that is
used at a device Power-on Reset event is selected
using Configuration bit settings. The oscillator Config-
uration bit settings are located in the Configuration
registers in the program memory (refer to
Section 24.1 “Configuration Bits” for further
details). The primary oscillator Configuration bits,
POSCMD1:POSCMDO (Configuration Word 2<1:0>),
and the Initial Oscillator Select Configuration bits,
FNOSC2:FNOSCO  (Configuration Word 2<10:8>),
select the oscillator source that is used at a Power-on
Reset. The FRC primary oscillator with postscaler
(FRCDIV) is the default (unprogrammed) selection.
The secondary oscillator, or one of the internal
oscillators, may be chosen by programming these bit
locations.

The Configuration bits allow users to choose between
the various clock modes, shown in Table 7-1.

7.21 CLOCK SWITCHING MODE
CONFIGURATION BITS

The FCKSM Configuration bits (Configuration
Word 2<7:6>) are used to jointly configure device clock
switching and the Fail-Safe Clock Monitor (FSCM).
Clock switching is enabled only when FCKSM1 is
programmed (‘0’). The FSCM is enabled only when
FCKSM1:FCKSMO are both programmed (‘00’).

TABLE 7-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION
. . POSCMD1: FNOSC2:

Oscillator Mode Oscillator Source POSCMDO FNOSCO Note
Fast RC Oscillator with Postscaler Internal 11 111 1,2
(FRCDIV)
(Reserved) Internal XX 110 1
Low-Power RC Oscillator (LPRC) Internal 11 101 1
Secondary (Timer1) Oscillator Secondary 11 100 1
(SOSC)
Primary Oscillator (XT) with PLL Primary 01 011
Module (XTPLL)
Primary Oscillator (EC) with PLL Primary 00 011
Module (ECPLL)
Primary Oscillator (HS) Primary 10 010
Primary Oscillator (XT) Primary 01 010
Primary Oscillator (EC) Primary 00 010
Fast RC Oscillator with PLL Module Internal 11 001 1
(FRCPLL)
Fast RC Oscillator (FRC) Internal 11 000 1

Note 1: OSCO pin function is determined by the OSCIOFCN Configuration bit.
2: This is the default oscillator mode for an unprogrammed (erased) device.
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7.3 Control Registers The CLKDIV register (Register 7-2) controls the
) ) . features associated with Doze mode, as well as the
The operation of the oscillator is controlled by three postscaler for the FRC oscillator.

Special Function Registers: . .
The OSCTUN register (Register 7-3) allows the user to

*+ OSCCON fine tune the FRC oscillator over a range of approxi-
» CLKDIV mately +12%. Each bit increment or decrement
« OSCTUN changes the factory calibrated frequency of the FRC

The OSCCON register (Register 7-1) is the main con- oscillator by a fixed amount.

trol register for the oscillator. It controls clock source
switching and allows the monitoring of clock sources.

REGISTER 7-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 R-0 R-0 R-0 u-0 R/W-x{1) R/W-x(" R/wW-x(M
— CcoscC2 CcoscC1 COscCo — NOSC2 NOSCH1 NOSCO
bit 15 bit 8
R/SO-0 R/W-0 R-003) u-0 R/CO-0 R/W-0 R/W-0 R/W-0
CLKLOCK | I0LOCK() LOCK — CF POSCEN SOSCEN OSWEN
bit 7 bit 0
Legend: CO = Clear Only bit SO = Set Only bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’

bit 14-12 COSC2:COSCO0: Current Oscillator Selection bits

111 = Fast RC Oscillator with Postscaler (FRCDIV)
110 = Reserved
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)
bit 11 Unimplemented: Read as ‘0’
bit 10-8 NOSC2:NOSCO: New Oscillator Selection bits(")
111 = Fast RC Oscillator with Postscaler (FRCDIV)
110 = Reserved
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

Note 1: Reset values for these bits are determined by the FNOSC Configuration bits.

2: The state of the IOLOCK bit can only be changed once an unlocking sequence has been executed. In
addition, if the IOL1WAY Configuration bit is ‘1’ once the IOLOCK bit is set, it cannot be cleared.

3: Alsoresets to ‘0’ during any valid clock switch or whenever a non-PLL clock mode is selected.
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REGISTER 7-1: OSCCON: OSCILLATOR CONTROL REGISTER (CONTINUED)

bit 7 CLKLOCK: Clock Selection Lock Enabled bit
If FSCM is enabled (FCKSM1 = 1):
1 = Clock and PLL selections are locked
0 = Clock and PLL selections are not locked and may be modified by setting the OSWEN bit
If FSCM is disabled (FCKSM1 = 0):
Clock and PLL selections are never locked and may be modified by setting the OSWEN bit.
bit 6 IOLOCK: 1/O Lock Enable bit(?
1 =1/0 lock is active
0 =1/0O lock is not active
bit 5 LOCK: PLL Lock Status bit(®
1 = PLL module is in lock or PLL module start-up timer is satisfied
0 = PLL module is out of lock, PLL start-up timer is running or PLL is disabled

bit 4 Unimplemented: Read as ‘0’
bit 3 CF: Clock Fail Detect bit
1 = FSCM has detected a clock failure
0 = No clock failure has been detected
bit 2 POSCEN: Primary Oscillator Sleep Enable bit

1 = Primary oscillator continues to operate during Sleep mode
0 = Primary oscillator disabled during Sleep mode

bit 1 SOSCEN: 32 kHz Secondary Oscillator (SOSC) Enable bit

1 = Enable secondary oscillator
0 = Disable secondary oscillator

bit 0 OSWEN: Oscillator Switch Enable bit

1 = Initiate an oscillator switch to clock source specified by NOSC2:NOSCO bits
0 = Oscillator switch is complete

Note 1: Reset values for these bits are determined by the FNOSC Configuration bits.

2: The state of the IOLOCK bit can only be changed once an unlocking sequence has been executed. In
addition, if the IOL1WAY Configuration bit is ‘1’ once the IOLOCK bit is set, it cannot be cleared.

3: Alsoresets to ‘0’ during any valid clock switch or whenever a non-PLL clock mode is selected.
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REGISTER 7-2: CLKDIV: CLOCK DIVIDER REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1
ROI DOZE2 DOZE1 DOZEO DOZEN() RCDIV2 RCDIV1 RCDIVO
bit 15 bit 8
u-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
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 15

bit 14-12

bit 11

bit 10-8

bit 7-0

Note 1:

ROI: Recover on Interrupt bit

1 = Interrupts clear the DOZEN bit and reset the CPU peripheral clock ratio to 1:1
0 = Interrupts have no effect on the DOZEN bit

DOZE2:DOZEO0: CPU Peripheral Clock Ratio Select bits

111 =1:128
110 = 1:64
101 = 1:32
100 = 1:16
011 =18
010=14
001 =1:2
000 =1:1

DOZEN: DOZE Enable bit(")

1 = DOZE2:DOZEO bits specify the CPU peripheral clock ratio
0 = CPU peripheral clock ratio set to 1:1

RCDIV2:RCDIV0: FRC Postscaler Select bits

111 = 31.25 kHz (divide by 256)
110 = 125 kHz (divide by 64)
101 = 250 kHz (divide by 32)
100 =500 kHz (divide by 16)
011 =1 MHz (divide by 8)

010 =2 MHz (divide by 4)

001 =4 MHz (divide by 2)

000 = 8 MHz (divide by 1)
Unimplemented: Read as ‘0’

This bit is automatically cleared when the ROI bit is set and an interrupt occurs.
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REGISTER 7-3: OSCTUN: FRC OSCILLATOR TUNE REGISTER
uU-0 U-0 U-0 U-0 U-0 uU-0 uU-0 uU-0
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUN5( TuN4() TUuN3™ TUN2( TUN1(™ TuNo™
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-6 Unimplemented: Read as ‘0’
bit 5-0 TUNS:TUNO: FRC Oscillator Tuning bits
011111 = Maximum frequency deviation
011110 =
°
°
°
000001 =
000000 = Center frequency, oscillator is running at factory calibrated frequency
111111 =
°
°
°
100001 =

100000 = Minimum frequency deviation

Note 1: Increments or decrements of TUN5:TUNO may not change the FRC frequency in equal steps over the

FRC tuning range, and may not be monotonic.

74 Clock Switching Operation

With few limitations, applications are free to switch
between any of the four clock sources (POSC, SOSC,
FRC and LPRC) under software control and at any
time. To limit the possible side effects that could result
from this flexibility, PIC24F devices have a safeguard
lock built into the switching process.

Note: The primary oscillator mode has three
different submodes (XT, HS and EC)
which are determined by the POSCMDx
Configuration bits. While an application
can switch to and from primary oscillator
mode in software, it cannot switch
between the different primary submodes
without reprogramming the device.

7.4.1 ENABLING CLOCK SWITCHING

To enable clock switching, the FCKSM1 Configuration
bit in CW 2 must be programmed to ‘0’. (Refer to
Section 24.1 “Configuration Bits” for further details.)
If the FCKSM1 Configuration bit is unprogrammed (‘1°),
the clock switching function and Fail-Safe Clock Monitor
function are disabled. This is the default setting.

The NOSCx control bits (OSCCON<10:8>) do not
control the clock selection when clock switching is dis-
abled. However, the COSCx bits (OSCCON<14:12>)
will reflect the clock source selected by the FNOSCx
Configuration bits.

The OSWEN control bit (OSCCON<0>) has no effect
when clock switching is disabled. It is held at ‘0’ at all
times.
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7.4.2

At a minimum, performing a clock switch requires this

OSCILLATOR SWITCHING
SEQUENCE

basic sequence:

1.

Once the basic sequence is completed, the system

If  desired, read the COSCx bits
(OSCCON<14:12>), to determine the current
oscillator source.

Perform the unlock sequence to allow a write to
the OSCCON register high byte.

Write the appropriate value to the NOSCx bits
(OSCCON<10:8>) for the new oscillator source.
Perform the unlock sequence to allow a write to
the OSCCON register low byte.

Set the OSWEN bit to initiate the oscillator
switch.

clock hardware responds automatically as follows:

1.

The clock switching hardware compares the
COSCx bits with the new value of the NOSCx
bits. If they are the same, then the clock switch
is a redundant operation. In this case, the
OSWEN bit is cleared automatically and the
clock switch is aborted.

If a valid clock switch has been initiated, the
LOCK (OSCCON<5>) and CF (OSCCON<3>)
bits are cleared.

The new oscillator is turned on by the hardware
if it is not currently running. If a crystal oscillator
must be turned on, the hardware will wait until
the OST expires. If the new source is using the
PLL, then the hardware waits until a PLL lock is
detected (LOCK = 1).

The hardware waits for 10 clock cycles from the
new clock source and then performs the clock
switch.

The hardware clears the OSWEN bit to indicate a
successful clock transition. In addition, the
NOSCx bit values are transferred to the COSCx
bits.

The old clock source is turned off at this time,
with the exception of LPRC (if WDT or FSCM
are enabled) or SOSC (if SOSCEN remains
set).

Note 1: The processor will continue to execute

code throughout the clock switching
sequence. Timing sensitive code should
not be executed during this time.

2: Direct clock switches between any
primary oscillator mode with PLL and
FRCPLL mode are not permitted. This
applies to clock switches in either direc-
tion. In these instances, the application
must switch to FRC mode as a transition
clock source between the two PLL
modes.

A recommended code sequence for a clock switch
includes the following:

1.

Disable interrupts during the OSCCON register
unlock and write sequence.

Execute the unlock sequence for the OSCCON
high byte by writing 78h and 9Ah to
OSCCON<15:8> in two back-to-back
instructions.

Write new oscillator source to the NOSCx bits in
the instruction immediately following the unlock
sequence.

Execute the unlock sequence for the OSCCON
low byte by writing 46h and 57h to
OSCCON<7:0> in two back-to-back instructions.
Set the OSWEN bit in the instruction immediately
following the unlock sequence.

Continue to execute code that is not clock
sensitive (optional).

Invoke an appropriate amount of software delay
(cycle counting) to allow the selected oscillator
and/or PLL to start and stabilize.

Check to see if OSWEN is ‘0. If it is, the switch
was successful. If OSWEN is still set, then
check the LOCK bit to determine the cause of

failure.

The core sequence for unlocking the OSCCON register
and initiating a clock switch is shown in Example 7-1.

EXAMPLE 7-1:

BASIC CODE SEQUENCE
FOR CLOCK SWITCHING

;Place the new oscillator selection in WO

;OSCCONH (high byte) Unlock Sequence
MOV #0OSCCONH, wl

MOV #0x78, w2

MOV #0x9A, w3

MOV.b w2, [wl]

MOV.b w3, [wl]

;Set new oscillator selection

MOV.b WREG, OSCCONH

;OSCCONL (low byte) unlock sequence
MOV #0OSCCONL, wl

MOV #0x46, w2

MOV #0x57, w3

MOV.b w2, [wl]

MOV.b w3, [wl]

;Start oscillator switch operation

BSET

OSCCON, #0
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7.5 Reference Clock Output

In addition to the CLKO output (FOsc/2) available in
certain oscillator modes, the device clock in the
PIC24FJ256GA110 family devices can also be config-
ured to provide a reference clock output signal to a port
pin. This feature is available in all oscillator configura-
tions and allows the user to select a greater range of
clock submultiples to drive external devices in the
application.

This reference clock output is controlled by the
REFOCON register (Register 7-4). Setting the ROEN
bit (REFOCON<15>) makes the clock signal available
on the REFO pin. The RODIV bits (REFOCON<11:8>)
enable the selection of 16 different clock divider
options.

The ROSSLP and ROSEL bits (REFOCON<13:12>)
control the availability of the reference output during
Sleep mode. The ROSEL bit determines if the oscillator
on OSC1 and OSC2, or the current system clock source,
is used for the reference clock output. The ROSSLP bit
determines if the reference source is available on REFO
when the device is in Sleep mode.

To use the reference clock output in Sleep mode, both
the ROSSLP and ROSEL bits must be set. The device
clock must also be configured for one of the primary
modes (EC, HS or XT); otherwise, if the POSCEN bit is
not also set, the oscillator on OSC1 and OSC2 will be
powered down when the device enters Sleep mode.
Clearing the ROSEL bit allows the reference output
frequency to change as the system clock changes
during any clock switches.

REGISTER 7-4: REFOCON: REFERENCE OSCILLATOR CONTROL REGISTER
R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ROEN |  — | ROsSLP | ROSEL | RODIV3 | RODIV2 | RODIVI | RODIVO
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 U-0 U-0
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 15 ROEN: Reference Oscillator Output Enable bit

1 = Reference oscillator enabled on REFO pin
0 = Reference oscillator disabled

bit 14 Unimplemented: Read as ‘0’

bit 13 ROSSLP: Reference Oscillator Output Stop in Sleep bit
1 = Reference oscillator continues to run in Sleep
0 = Reference oscillator is disabled in Sleep

bit 12 ROSEL: Reference Oscillator Source Select bit

1 = Primary oscillator used as the base clock. Note that the crystal oscillator must be enabled using
the FOSC2:FOSCO bits; crystal maintains the operation in Sleep mode.
0 = System clock used as the base clock; base clock reflects any clock switching of the device
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REGISTER 7-4: REFOCON: REFERENCE OSCILLATOR CONTROL REGISTER (CONTINUED)

bit 11-8 RODIV3:RODIVO0: Reference Oscillator Divisor Select bits

1111 = Base clock value divided by 32,768
1110 = Base clock value divided by 16,384
1101 = Base clock value divided by 8,192
1100 = Base clock value divided by 4,096
1011 = Base clock value divided by 2,048
1010 = Base clock value divided by 1,024
1001 = Base clock value divided by 512
1000 = Base clock value divided by 256
0111 = Base clock value divided by 128
0110 = Base clock value divided by 64
0101 = Base clock value divided by 32
0100 = Base clock value divided by 16
0011 = Base clock value divided by 8
0010 = Base clock value divided by 4
0001 = Base clock value divided by 2
0000 = Base clock value

bit 7-0 Unimplemented: Read as ‘0’
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NOTES:
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8.0 POWER-SAVING FEATURES

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
“Section 10. Power-Saving Features”
(DS39698).

The PIC24FJ256GA110 family of devices provides the
ability to manage power consumption by selectively
managing clocking 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. All PIC24F devices manage power
consumption in four different ways:

+ Clock frequency

* Instruction-based Sleep and Idle modes
» Software controlled Doze mode

» Selective peripheral control in software

Combinations of these methods can be used to
selectively tailor an application’s power consumption,
while still maintaining critical application features, such
as timing-sensitive communications.

8.1 Clock Frequency and Clock
Switching

PIC24F devices allow for a wide range of clock
frequencies to be selected under application control. If
the system clock configuration is not locked, users can
choose low-power or high-precision oscillators by simply
changing the NOSC bits. The process of changing a
system clock during operation, as well as limitations to
the process, are discussed in more detail in Section 7.0
“Oscillator Configuration”.

8.2 Instruction-Based Power-Saving
Modes

PIC24F devices have two special power-saving modes
that are entered through the execution of a special
PWRSAV instruction. Sleep mode stops clock operation
and halts all code execution; Idle mode halts the CPU
and code execution, but allows peripheral modules to
continue operation. The assembly syntax of the
PWRSAV instruction is shown in Example 8-1.

Sleep and Idle modes can be exited as a result of an
enabled interrupt, WDT time-out or a device Reset.
When the device exits these modes, it is said to
“wake-up”.

Note: SLEEP MODE and IDLE MODE are con-
stants defined in the assembler include
file for the selected device.

8.2.1 SLEEP MODE
Sleep mode has these features:

* The system clock source is shut down. If an
on-chip oscillator is used, it is turned off.

* The device current consumption will be reduced
to a minimum provided that no I/O pin is sourcing
current.

» The Fail-Safe Clock Monitor does not operate
during Sleep mode since the system clock source
is disabled.

» The LPRC clock will continue to run in Sleep
mode if the WDT is enabled.

» The WDT, if enabled, is automatically cleared
prior to entering Sleep mode.

» Some device features or peripherals may
continue to operate in Sleep mode. This includes
items such as the input change notification on the
1/0 ports, or peripherals that use an external clock
input. Any peripheral that requires the system
clock source for its operation will be disabled in
Sleep mode.

The device will wake-up from Sleep mode on any of the
these events:
* On any interrupt source that is individually
enabled
* On any form of device Reset
* On aWDT time-out
On wake-up from Sleep, the processor will restart with

the same clock source that was active when Sleep
mode was entered.

EXAMPLE 8-1: PWRSAV INSTRUCTION SYNTAX
PWRSAV #SLEEP MODE ; Put the device into SLEEP mode
PWRSAV #IDLE_MODE ; Put the device into IDLE mode
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8.2.2 IDLE MODE
Idle mode has these features:

» The CPU will stop executing instructions.
* The WDT is automatically cleared.

* The system clock source remains active. By
default, all peripheral modules continue to operate
normally from the system clock source, but can
also be selectively disabled (see Section 8.4
“Selective Peripheral Module Control”).

« |fthe WDT or FSCM is enabled, the LPRC will
also remain active.

The device will wake from Idle mode on any of these
events:

* Any interrupt that is individually enabled.
» Any device Reset.
* AWDT time-out.

On wake-up from Idle, the clock is reapplied to the CPU
and instruction execution begins immediately, starting
with the instruction following the PWRSAV instruction or
the first instruction in the ISR.

8.2.3 INTERRUPTS COINCIDENT WITH
POWER SAVE INSTRUCTIONS

Any interrupt that coincides with the execution of a
PWRSAV instruction will be held off until entry into Sleep
or Idle mode has completed. The device will then
wake-up from Sleep or Idle mode.

8.3 Doze Mode

Generally, changing clock speed and invoking one of
the power-saving modes are the preferred strategies
for reducing power consumption. There may be cir-
cumstances, however, where this is not practical. For
example, it may be necessary for an application to
maintain uninterrupted synchronous communication,
even while it is doing nothing else. Reducing system
clock speed may introduce communication errors,
while using a power-saving mode may stop
communications completely.

Doze mode is a simple and effective alternative method
to reduce power consumption while the device is still
executing code. In this mode, the system clock contin-
ues to operate from the same source and at the same
speed. Peripheral modules continue to be clocked at
the same speed while the CPU clock speed is reduced.
Synchronization between the two clock domains is
maintained, allowing the peripherals to access the
SFRs while the CPU executes code at a slower rate.

Doze mode is enabled by setting the DOZEN bit
(CLKDIV<11>). The ratio between peripheral and core
clock speed is determined by the DOZE2:DOZEO bits
(CLKDIV<14:12>). There are eight possible
configurations, from 1:1 to 1:256, with 1:1 being the
default.

It is also possible to use Doze mode to selectively
reduce power consumption in event driven applica-
tions. This allows clock sensitive functions, such as
synchronous communications, to continue without
interruption while the CPU Idles, waiting for something
to invoke an interrupt routine. Enabling the automatic
return to full-speed CPU operation on interrupts is
enabled by setting the ROI bit (CLKDIV<15>). By
default, interrupt events have no effect on Doze mode
operation.

8.4 Selective Peripheral Module
Control

Idle and Doze modes allow users to substantially
reduce power consumption by slowing or stopping the
CPU clock. Even so, peripheral modules still remain
clocked and thus consume power. There may be cases
where the application needs what these modes do not
provide: the allocation of power resources to CPU
processing with minimal power consumption from the
peripherals.

PIC24F devices address this requirement by allowing
peripheral modules to be selectively disabled, reducing
or eliminating their power consumption. This can be
done with two control bits:

» The Peripheral Enable bit, generically named,
“XXXEN?”, located in the module’s main control
SFR.

» The Peripheral Module Disable (PMD) bit,
generically named, “XXXMD”, located in one of
the PMD control registers.

Both bits have similar functions in enabling or disabling
its associated module. Setting the PMD bit for a module
disables all clock sources to that module, reducing its
power consumption to an absolute minimum. In this
state, the control and status registers associated with
the peripheral will also be disabled, so writes to those
registers will have no effect and read values will be
invalid. Many peripheral modules have a corresponding
PMD bit.

In contrast, disabling a module by clearing its XXXEN
bit disables its functionality, but leaves its registers
available to be read and written to. This reduces power
consumption, but not by as much as setting the PMD
bit does. Most peripheral modules have an enable bit;
exceptions include input capture, output compare and
RTCC.

To achieve more selective power savings, peripheral
modules can also be selectively disabled when the
device enters Idle mode. This is done through the
control bit of the generic name format, “XXXIDL”. By
default, all modules that can operate during Idle mode
will do so. Using the disable on Idle feature allows fur-
ther reduction of power consumption during Idle mode,
enhancing power savings for extremely critical power
applications.
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9.0

Note:

/10 PORTS

This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
“Section 12. /0 Ports with Peripheral
Pin Select (PPS)” (DS39711).

All of the device pins (except VDD, Vss, MCLR and
OSCI/CLKI) are shared between the peripherals and
the parallel 1/0 ports. All I/O input ports feature Schmitt
Trigger inputs for improved noise immunity.

9.1 Parallel I/0 (PI1O) Ports

A parallel I/0O port that shares a pin with a peripheral is,
in general, subservient to the peripheral. The periph-
eral’s output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0 pin. The logic also prevents “loop through”, in
which a port’s digital output can drive the input of a
peripheral that shares the same pin. Figure 9-1 shows
how ports are shared with other peripherals and the
associated 1/O pin to which they are connected.

FIGURE 9-1:

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as
a general purpose output pin is disabled. The 1/O pin
may be read, but the output driver for the parallel port
bit will be disabled. If a peripheral is enabled, but the
peripheral is not actively driving a pin, that pin may be
driven by a port.

All port pins have three registers directly associated
with their operation as digital 1/0. The Data Direction
register (TRISx) determines whether the pin is an input
or an output. If the data direction bitis a ‘1’, then the pin
is an input. All port pins are defined as inputs after a
Reset. Reads from the Output Latch register (LATX),
read the latch. Writes to the latch, write the latch.
Reads from the port (PORTX), read the port pins, while
writes to the port pins, write the latch.

Any bit and its associated data and control registers
that are not valid for a particular device will be
disabled. That means the corresponding LATx and
TRISx registers and the port pin will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is regarded as a
dedicated port because there is no other competing
source of outputs.

BLOCK DIAGRAM OF A TYPICAL SHARED PORT STRUCTURE
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9.1.1 OPEN-DRAIN CONFIGURATION

In addition to the PORT, LAT and TRIS registers for
data control, each port pin can also be individually con-
figured for either digital or open-drain output. This is
controlled by the Open-Drain Control register, ODCx,
associated with each port. Setting any of the bits con-
figures the corresponding pin to act as an open-drain
output.

The open-drain feature allows the generation of
outputs higher than VDD (e.g., 5V) on any desired
digital only pins by using external pull-up resistors. The
maximum open-drain voltage allowed is the same as
the maximum VIH specification.

9.2 Configuring Analog Port Pins

The AD1PCFGL and TRIS registers control the opera-
tion of the A/D port pins. Setting a port pin as an analog
input also requires that the corresponding TRIS bit be
set. If the TRIS bit is cleared (output), the digital output
level (VOH or VoL) will be converted.

When reading the PORT register, all pins configured as
analog input channels will read as cleared (a low level).

Pins configured as digital inputs will not convert an
analog input. Analog levels on any pin that is defined as
a digital input (including the ANx pins) may cause the
input buffer to consume current that exceeds the
device specifications.

9.2.1 I/0 PORT WRITE/READ TIMING

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically, this instruction
would be a NOP.

EXAMPLE 9-1:

PORT WRITE/READ EXAMPLE

9.3 Input Change Notification

The input change notification function of the 1/0 ports
allows the PIC24FJ256GA110 family of devices to gen-
erate interrupt requests to the processor in response to
a change of state on selected input pins. This feature is
capable of detecting input change of states even in
Sleep mode, when the clocks are disabled. Depending
on the device pin count, there are up to 81 external
inputs that may be selected (enabled) for generating an
interrupt request on a change of state.

Registers CNEN1 through CNENG contain the interrupt
enable control bits for each of the CN input pins. Setting
any of these bits enables a CN interrupt for the corre-
sponding pins.

Each CN pin has a both a weak pull-up and a weak
pull-down connected to it. The pull-ups act as a current
source that is connected to the pin, while the
pull-downs act as a current sink that is connected to the
pin. These eliminate the need for external resistors
when push button or keypad devices are connected.
The pull-ups and pull-downs are separately enabled
using the CNPU1 through CNPUG6 registers (for
pull-ups) and the CNPD1 through CNPDG6 registers (for
pull-downs). Each CN pin has individual control bits for
its pull-up and pull-down. Setting a control bit enables
the weak pull-up or pull-down for the corresponding
pin.

When the internal pull-up is selected, the pin pulls up to
VDD - 0.7V (typical). Make certain that there is no exter-
nal pull-up source when the internal pull-ups are
enabled, as the voltage difference can cause a current
path.

Note: Pull-ups on change notification pins
should always be disabled whenever the
port pin is configured as a digital output.

MOV 0xFF00, WO
MOV W0, TRISBB
NOP ; Delay 1 cycle
BTSS PORTB, #13

; Configure PORTB<15:8> as inputs
; and PORTB<7:0> as outputs

; Next Instruction
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9.4 Peripheral Pin Select

A major challenge in general purpose devices is provid-
ing the largest possible set of peripheral features while
minimizing the conflict of features on I/O pins. In an
application that needs to use more than one peripheral
multiplexed on a single pin, inconvenient workarounds
in application code or a complete redesign may be the
only option.

The Peripheral Pin Select feature provides an alterna-
tive to these choices by enabling the user’s peripheral
set selection and their placement on a wide range of
I/O pins. By increasing the pinout options available on
a particular device, users can better tailor the
microcontroller to their entire application, rather than
trimming the application to fit the device.

The Peripheral Pin Select feature operates over a fixed
subset of digital I/O pins. Users may independently
map the input and/or output of any one of many digital
peripherals to any one of these 1/O pins. Peripheral Pin
Select is performed in software and generally does not
require the device to be reprogrammed. Hardware
safeguards are included that prevent accidental or
spurious changes to the peripheral mapping once it has
been established.

9.4.1 AVAILABLE PINS

The Peripheral Pin Select feature is used with a range
of up to 46 pins, depending on the particular device and
its pin count. Pins that support the Peripheral Pin
Select feature include the designation “RPn” or “RPIn”
in their full pin designation, where “n” is the remappable
pin number. “RP” is used to designate pins that support
both remappable input and output functions, while
“RPI” indicates pins that support remappable input
functions only.

PIC24FJ256GA110 family devices support a larger
number of remappable input only pins than remappable
input/output pins. In this device family, there are up to
32 remappable input/output pins, depending on the pin
count of the particular device selected; these are num-
bered RPO through RP31. Remappable input only pins
are numbered above this range, from RPI32 to RPI45
(or the upper limit for that particular device).

See Table 1-4 for a summary of pinout options in each
package offering.

9.4.2 AVAILABLE PERIPHERALS

The peripherals managed by the Peripheral Pin Select
are all digital only peripherals. These include general
serial communications (UART and SPI), general pur-
pose timer clock inputs, timer related peripherals (input
capture and output compare) and external interrupt
inputs. Also included are the outputs of the comparator
module, since these are discrete digital signals.

Peripheral Pin Select is not available for ’°C™ change
notification inputs, RTCC alarm outputs or peripherals
with analog inputs.

A key difference between pin select and non pin select
peripherals is that pin select peripherals are not asso-
ciated with a default 1/0 pin. The peripheral must
always be assigned to a specific I/O pin before it can be
used. In contrast, non pin select peripherals are always
available on a default pin, assuming that the peripheral
is active and not conflicting with another peripheral.

94.2.1 Peripheral Pin Select Function
Priority

When a pin selectable peripheral is active on a given
I/O pin, it takes priority over all other digital I/O and dig-
ital communication peripherals associated with the pin.
Priority is given regardless of the type of peripheral that
is mapped. Pin select peripherals never take priority
over any analog functions associated with the pin.

9.4.3 CONTROLLING PERIPHERAL PIN
SELECT

Peripheral Pin Select features are controlled through
two sets of Special Function Registers: one to map
peripheral inputs, and one to map outputs. Because
they are separately controlled, a particular peripheral’s
input and output (if the peripheral has both) can be
placed on any selectable function pin without
constraint.

The association of a peripheral to a peripheral select-
able pin is handled in two different ways, depending on
if an input or an output is being mapped.
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9.4.3.1 Input Mapping

The inputs of the Peripheral Pin Select options are
mapped on the basis of the peripheral; that is, a control
register associated with a peripheral dictates the pin it
will be mapped to. The RPINRX registers are used to
configure peripheral input mapping (see Register 9-1
through Register 9-21). Each register contains two sets

of 6-bit fields, with each set associated with one of the

pin selectable peripherals. Programming a given
peripheral’s bit field with an appropriate 6-bit value
maps the RPn pin with that value to that peripheral. For
any given device, the valid range of values for any of
the bit fields corresponds to the maximum number of
peripheral pin selections supported by the device.

TABLE 9-1: SELECTABLE INPUT SOURCES (MAPS INPUT TO FUNCTION)(1)

Input Name Function Name Register Functiogitl:apping
External Interrupt 1 INT1 RPINRO INT1R5:INT1RO
External Interrupt 2 INT2 RPINR1 INT2R5:INT2R0
External Interrupt 3 INT3 RPINR1 INT3RS:INT3R0O
External Interrupt 4 INT4 RPINR2 INT4RS5:INT4R0
Input Capture 1 IC1 RPINR7 IC1R5:IC1R0O
Input Capture 2 IC2 RPINR7 IC2R5:IC2R0
Input Capture 3 IC3 RPINRS8 IC3R5:IC3R0
Input Capture 4 IC4 RPINR8 IC4R5:1C4R0
Input Capture 5 IC5 RPINR9 IC5R5:IC5R0
Input Capture 6 IC6 RPINR9 IC6R5:IC6R0
Input Capture 7 IC7 RPINR10 IC7R5:IC7R0
Input Capture 8 IC8 RPINR10 IC8R5:IC8R0O
Input Capture 9 IC9 RPINR15 IC9R5:IC9R0
Output Compare Fault A OCFA RPINR11 OCFAR5:0CFARO
Output Compare Fault B OCFB RPINR11 OCFBR5:0CFBRO
SPI1 Clock Input SCK1IN RPINR20 SCK1R5:SCK1R0
SPI1 Data Input SDI1 RPINR20 SDI1R5:SDI1R0O
SPI1 Slave Select Input SS1IN RPINR21 SS1R5:SS1R0
SPI2 Clock Input SCK2IN RPINR22 SCK2R5:SCK2R0
SPI2 Data Input SDI2 RPINR22 SDI2R5:SDI2R0
SPI2 Slave Select Input SS2IN RPINR23 SS2R5:SS2R0
SPI3 Clock Input SCK3IN RPINR23 SCK3R5:SCK3R0
SPI3 Data Input SDI3 RPINR28 SDI3R5:SDI3R0O
SPI3 Slave Select Input SS3IN RPINR29 SS3R5:SS3R0
Timer1 External Clock T1CK RPINR2 T1CKR5:T1CKRO
Timer2 External Clock T2CK RPINR3 T2CKR5:T2CKRO
Timer3 External Clock T3CK RPINR3 T3CKR5:T3CKRO
Timer4 External Clock T4CK RPINR4 T4CKR5:T4CKRO
Timer5 External Clock T5CK RPINR4 T5CKR5:T5CKRO
UART1 Clear To Send U1CTS RPINR18 U1CTSR5:U1CTSRO
UART1 Receive U1RX RPINR18 U1RXR5:U1RXR0
UART2 Clear To Send U2CTS RPINR19 U2CTSR5:U2CTSRO
UART2 Receive U2RX RPINR19 U2RXR5:U2RXR0
UARTS3 Clear To Send U3CTS RPINR21 U3CTSR5:U3CTSRO
UART3 Receive U3RX RPINR17 U3RXR5:U3RXR0
UART4 Clear To Send U4CTS RPINR27 U4CTSR5:U4CTSRO
UART4 Receive U4RX RPINR27 U4RXR5:U4RXR0

Note 1: Unless otherwise noted, all inputs use the Schmitt Trigger input buffers.
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9.4.3.2

In contrast to inputs, the outputs of the Peripheral Pin
Select options are mapped on the basis of the pin. In
this case, a control register associated with a particular
pin dictates the peripheral output to be mapped. The
RPORX registers are used to control output mapping.
Each register contains two 6-bit fields, with each field
being associated with one RPn pin (see Register 9-22

Output Mapping

through Register 9-37). The value of the bit field corre-
sponds to one of the peripherals and that peripheral’s
output is mapped to the pin (see Table 9-2).

Because of the mapping technique, the list of peripherals
for output mapping also includes a null value of ‘000000’
This permits any given pin to remain disconnected from
the output of any of the pin selectable peripherals.

TABLE 9-2: SELECTABLE OUTPUT SOURCES (MAPS FUNCTION TO OUTPUT)
Output Function Number(!) Function Output Name
0 NULL(?) Null
1 C10UT Comparator 1 Output
2 C20UT Comparator 2 Output
3 U1TX UART1 Transmit
4 U1RTS® UART1 Request To Send
5 uz2TXx UART2 Transmit
6 U2RTS® UART2 Request To Send
7 SDO1 SPI1 Data Output
8 SCK10UT SPI1 Clock Output
9 SS10UT SPI1 Slave Select Output
10 SDO2 SPI2 Data Output
11 SCK20UT SPI2 Clock Output
12 SS20UT SPI2 Slave Select Output
18 oC1 Output Compare 1
19 0OC2 Output Compare 2
20 OC3 Output Compare 3
21 OC4 Output Compare 4
22 OC5 Output Compare 5
23 OC6 Output Compare 6
24 OoC7 Output Compare 7
25 0OC8 Output Compare 8
28 U3TXx UART3 Transmit
29 U3RTS®) UART3 Request To Send
30 u4TXx UART4 Transmit
31 U4RTS®) UART4 Request To Send
32 SDO3 SPI3 Data Output
33 SCK30UT SPI3 Clock Output
34 SS30UT SPI3 Slave Select Output
35 0oC9 Output Compare 9
37-63 (unused) NC

Note 1:

Setting the RPORX register with the listed value assigns that output function to the associated RPn pin.

2: The NULL function is assigned to all RPn outputs at device Reset and disables the RPn output function.

3: IrDA® BCLK functionality uses this output.
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9.4.3.3 Mapping Limitations

The control schema of the Peripheral Pin Select is
extremely flexible. Other than systematic blocks that
prevent signal contention caused by two physical pins
being configured as the same functional input or two
functional outputs configured as the same pin, there
are no hardware enforced lock outs. The flexibility
extends to the point of allowing a single input to drive
multiple peripherals or a single functional output to
drive multiple output pins.

9434 Mapping Exceptions for
PIC24FJ256GA110 Family Devices

Although the PPS registers theoretically allow for up to
64 remappable 1/O pins, not all of these are implemented
in all devices. For PIC24FJ256GA110 family devices,
the maximum number of remappable pins available are
46, which includes 14 input only pins. In addition, some
pins in the RP and RPI sequences are unimplemented
in lower pin count devices. The differences in available
remappable pins are summarized in Table 9-3.

When developing applications that use remappable
pins, users should also keep these things in mind:

* For the RPINRX registers, bit combinations corre-
sponding to an unimplemented pin for a particular
device are treated as invalid; the corresponding
module will not have an input mapped to it. For all
PIC24FJ256GA110 family devices, this includes
all values greater than 45 (‘'101101’).

» For RPORX registers, the bit fields corresponding
to an unimplemented pin will also be
unimplemented. Writing to these fields will have
no effect.

9.4.4 CONTROLLING CONFIGURATION
CHANGES

Because peripheral remapping can be changed during

run time, some restrictions on peripheral remapping

are needed to prevent accidental configuration

changes. PIC24F devices include three features to

prevent alterations to the peripheral map:

» Control register lock sequence

» Continuous state monitoring

» Configuration bit remapping lock

9.4.4.1 Control Register Lock

Under normal operation, writes to the RPINRx and
RPORX registers are not allowed. Attempted writes will
appear to execute normally, but the contents of the
registers will remain unchanged. To change these reg-
isters, they must be unlocked in hardware. The register
lock is controlled by the IOLOCK bit (OSCCON<6>).
Setting IOLOCK prevents writes to the control
registers; clearing IOLOCK allows writes.

To set or clear IOLOCK, a specific command sequence
must be executed:

1. Write 46h to OSCCON<7:0>.
2.  Write 57h to OSCCONK<7:0>.
3. Clear (or set) IOLOCK as a single operation.

Unlike the similar sequence with the oscillator's LOCK
bit, IOLOCK remains in one state until changed. This
allows all of the Peripheral Pin Selects to be configured
with a single unlock sequence followed by an update to
all control registers, then locked with a second lock
sequence.

9.4.4.2 Continuous State Monitoring

In addition to being protected from direct writes, the
contents of the RPINRx and RPORXx registers are
constantly monitored in hardware by shadow registers.
If an unexpected change in any of the registers occurs
(such as cell disturbances caused by ESD or other
external events), a Configuration Mismatch Reset will
be triggered.

9.4.4.3 Configuration Bit Pin Select Lock

As an additional level of safety, the device can be con-
figured to prevent more than one write session to the
RPINRx and RPORx registers. The IOL1WAY
(CW2<4>) Configuration bit blocks the IOLOCK bit
from being cleared after it has been set once. If
IOLOCK remains set, the register unlock procedure will
not execute and the Peripheral Pin Select Control
registers cannot be written to. The only way to clear the
bit and re-enable peripheral remapping is to perform a
device Reset.

In the default (unprogrammed) state, IOL1WAY is set,
restricting users to one write session. Programming
IOL1WAY allows users unlimited access (with the
proper use of the unlock sequence) to the Peripheral
Pin Select registers.

TABLE 9-3: REMAPPABLE PIN EXCEPTIONS FOR PIC24FJ256GA110 FAMILY DEVICES
RP Pins (1/0) RPI Pins
Device Pin Count
Total Unimplemented Total Unimplemented
64-pin 29 RP5, RP15, RP31 2 RPI132-36, RPI38-44
80-pin 31 RP31 11 RPI32, RPI39, RP141
100-pin 32 — 14 —

DS39905B-page 120

Preliminary

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

9.4.5 CONSIDERATIONS FOR
PERIPHERAL PIN SELECTION

The ability to control peripheral pin selection introduces
several considerations into application design that
could be overlooked. This is particularly true for several
common peripherals that are available only as
remappable peripherals.

The main consideration is that the Peripheral Pin
Selects are not available on default pins in the device’s
default (Reset) state. Since all RPINRXx registers reset
to‘111111’ and all RPORXx registers reset to ‘000000’,
all Peripheral Pin Select inputs are tied to Vss and all
Peripheral Pin Select outputs are disconnected.

Note: In tying Peripheral Pin Select inputs to
RP63, RP63 does not have to exist on a
device for the registers to be reset to it.

This situation requires the user to initialize the device
with the proper peripheral configuration before any
other application code is executed. Since the IOLOCK
bit resets in the unlocked state, it is not necessary to
execute the unlock sequence after the device has
come out of Reset. For application safety, however, it is
best to set IOLOCK and lock the configuration after
writing to the control registers.

Because the unlock sequence is timing critical, it must
be executed as an assembly language routine in the
same manner as changes to the oscillator configura-
tion. If the bulk of the application is written in C or
another high-level language, the unlock sequence
should be performed by writing inline assembly.

Choosing the configuration requires the review of all
Peripheral Pin Selects and their pin assignments,
especially those that will not be used in the application.
In all cases, unused pin-selectable peripherals should
be disabled completely. Unused peripherals should
have their inputs assigned to an unused RPn pin
function. I/O pins with unused RPn functions should be
configured with the null peripheral output.

The assignment of a peripheral to a particular pin does
not automatically perform any other configuration of the
pin’s 1/O circuitry. In theory, this means adding a
pin-selectable output to a pin may mean inadvertently
driving an existing peripheral input when the output is
driven. Users must be familiar with the behavior of
other fixed peripherals that share a remappable pin and
know when to enable or disable them. To be safe, fixed
digital peripherals that share the same pin should be
disabled when not in use.

Along these lines, configuring a remappable pin for a
specific peripheral does not automatically turn that fea-
ture on. The peripheral must be specifically configured
for operation and enabled, as if it were tied to a fixed pin.
Where this happens in the application code (immediately
following device Reset and peripheral configuration or
inside the main application routine) depends on the
peripheral and its use in the application.

A final consideration is that Peripheral Pin Select func-
tions neither override analog inputs, nor reconfigure
pins with analog functions for digital 1/O. If a pin is
configured as an analog input on device Reset, it must
be explicitly reconfigured as digital I/O when used with
a Peripheral Pin Select.

Example 9-2 shows a configuration for bidirectional
communication with flow control using UART1. The
following input and output functions are used:

* Input Functions: U1RX, U1CTS

* Qutput Functions: U1TX, UTRTS

EXAMPLE 9-2: CONFIGURING UART1
INPUT AND OUTPUT
FUNCTIONS
// Unlock Registers
asm volatile ( "MOV #0SCCON, wl \n"
"MOV #0x46, w2 \n"
"MOV #0x57, w3 \n"
"MOV.b w2, [wl] \n"
"MOV.b w3, [wl] \n"

"BCLR OSCCON, #6") ;

// Configure Input Functions (Table 9-1)
// Assign UIRX To Pin RPO
RPINR18bits.UlIRXR = 0;

// Assign UICTS To Pin RP1
RPINR18bits.UICTSR = 1;

// Configure Output Functions (Table 9-2)
// Assign UITX To Pin RP2
RPOR1bits.RP2R = 3;

// Assign UIRTS To Pin RP3
RPOR1bits.RP3R = 4;

// Lock Registers

asm volatile ( "MOV #0SCCON, wl \n"
"MOV #0x46, w2 \n"
"MOV #0x57, w3 \n"
"MOV.b w2, <wl> \n"
"MOV.b w3, <wl> \n"

"BSET OSCCON, #6" ) ;
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9.4.6 PERIPHERAL PIN SELECT Note: Input and output register values can only be

REGISTERS changed if IOLOCK (OSCCON<6>) = 0.
The PIC24FJ256GA110 family of devices implements See Section 9.4.4.1 “Control Register
a total of 37 registers for remappable peripheral Lock?” for a specific command sequence.
configuration:

* Input Remappable Peripheral Registers (21)
» Output Remappable Peripheral Registers (16)

REGISTER 9-1: RPINRO: PERIPHERAL PIN SELECT INPUT REGISTER 0

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — INT1R5 INT1R4 INT1R3 INT1R2 INT1R1 INT1RO
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 INT1R5:INT1RO: Assign External Interrupt 1 (INT1) to Corresponding RPn or RPIn Pin bits
bit 7-0 Unimplemented: Read as ‘0’

REGISTER 9-2: RPINR1: PERIPHERAL PIN SELECT INPUT REGISTER 1

U-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — INT3R5 INT3R4 INT3R3 INT3R2 INT3R1 INT3RO
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — INT2R5 INT2R4 INT2R3 INT2R2 INT2R1 INT2RO
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 INT3R5:INT3RO: Assign External Interrupt 3 (INT3) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 INT2R5:INT2RO0: Assign External Interrupt 2 (INT2) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-3: RPINR2: PERIPHERAL PIN SELECT INPUT REGISTER 2
u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — T1CKR5 T1CKR4 T1CKR3 T1CKR2 T1CKRA1 T1CKRO
bit 15 bit 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — INT4R5 INT4R4 INT4R3 INT4R2 INT4R1 INT4RO0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 T1CKR5:T1CKRO: Assign Timer1 External Clock (T1CK) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 INT4R5:INT4R0: Assign External Interrupt 4 (INT4) to Corresponding RPn or RPIn Pin bits
REGISTER 9-4: RPINR3: PERIPHERAL PIN SELECT INPUT REGISTER 3
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — T3CKR5 T3CKR4 T3CKR3 T3CKR2 T3CKR1 T3CKRO
bit 15 bit 8
uU-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — T2CKR5 T2CKR4 T2CKR3 T2CKR2 T2CKR1 T2CKRO
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 T3CKR5:T3CKRO: Assign Timer3 External Clock (T3CK) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 T2CKR5:T2CKRO: Assign Timer2 External Clock (T2CK) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-5: RPINR4: PERIPHERAL PIN SELECT INPUT REGISTER 4

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — T5CKR5 T5CKR4 T5CKR3 T5CKR2 T5CKR1 T5CKRO
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — T4CKR5 T4CKR4 T4CKR3 T4CKR2 T4CKR1 T4CKRO
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 T5CKR5:T5CKRO: Assign Timer5 External Clock (T5CK) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 T4CKR5:T4CKRO: Assign Timer4 External Clock (T4CK) to Corresponding RPn or RPIn Pin bits

REGISTER 9-6: RPINR7: PERIPHERAL PIN SELECT INPUT REGISTER 7

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC2R5 IC2R4 IC2R3 IC2R2 IC2R1 IC2R0O
bit 15 bit 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC1R5 IC1R4 IC1R3 IC1R2 IC1R1 IC1RO
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 IC2R5:1C2R0: Assign Input Capture 2 (IC2) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IC1R5:1C1RO0: Assign Input Capture 1 (IC1) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-7: RPINRS8: PERIPHERAL PIN SELECT INPUT REGISTER 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC4R5 IC4R4 IC4R3 IC4R2 IC4R1 IC4RO
bit 15 bit 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC3R5 IC3R4 IC3R3 IC3R2 IC3R1 IC3R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 IC4R5:1C4R0: Assign Input Capture 4 (IC4) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IC3R5:1C3R0: Assign Input Capture 3 (IC3) to Corresponding RPn or RPIn Pin bits
REGISTER 9-8: RPINR9: PERIPHERAL PIN SELECT INPUT REGISTER 9
U-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC6R5 IC6R4 IC6R3 IC6R2 IC6R1 IC6RO
bit 15 bit 8
U-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC5R5 IC5R4 IC5R3 IC5R2 IC5R1 IC5R0
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 15-14
bit 13-8
bit 7-6
bit 5-0

Unimplemented: Read as ‘0’
IC6R5:1C6R0: Assign Input Capture 6 (IC6) to Corresponding RPn or RPIn Pin bits
Unimplemented: Read as ‘0’
IC5R5:1C5R0: Assign Input Capture 5 (IC5) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-9: RPINR10: PERIPHERAL PIN SELECT INPUT REGISTER 10

U-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC8R5 IC8R4 IC8R3 IC8R2 IC8R1 IC8RO
bit 15 bit 8
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC7R5 IC7R4 IC7R3 IC7TR2 IC7R1 IC7RO
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 IC8R5:IC8RO0: Assign Input Capture 8 (IC8) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IC7R5:IC7RO0: Assign Input Capture 7 (IC7) to Corresponding RPn or RPIn Pin bits
REGISTER 9-10: RPINR11: PERIPHERAL PIN SELECT INPUT REGISTER 11
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — OCFBR5 OCFBR4 OCFBR3 OCFBR2 OCFBR1 OCFBRO
bit 15 bit 8
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — OCFARS OCFAR4 OCFAR3 OCFAR2 OCFAR1 OCFARO
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 OCFBR5:0CFBRO: Assign Output Compare Fault B (OCFB) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 OCFARS5:0CFARO: Assign Output Compare Fault A (OCFA) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-11:

RPINR15: PERIPHERAL PIN SELECT INPUT REGISTER 15

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC9R5 ICO9R4 IC9R3 ICO9R2 IC9R1 ICO9RO
bit 15 bit 8
u-0 u-0 U-0 U-0 u-0 U-0 U-0 U-0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 IC9R5:IC9RO0: Assign Input Capture 9 (IC9) to Corresponding RPn or RPIn Pin bits
bit 7-0 Unimplemented: Read as ‘0’

REGISTER 9-12:

RPINR17: PERIPHERAL PIN SELECT INPUT REGISTER 17

u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — U3RXR5 U3RXR4 U3RXR3 U3RXR2 U3RXR1 U3RXRO
bit 15 bit 8
U-0 u-0 u-0 U-0 U-0 U-0 U-0 U-0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 U3RXR5:U3RXR0: Assign UART3 Receive (U3RX) to Corresponding RPn or RPIn Pin bits
bit 7-0 Unimplemented: Read as ‘0’
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REGISTER 9-13:

RPINR18: PERIPHERAL PIN SELECT INPUT REGISTER 18

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U1CTSR5 U1CTSR4 U1CTSR3 U1CTSR2 U1CTSR1 U1CTSRO
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U1RXR5 U1RXR4 U1RXR3 U1RXR2 U1RXR1 U1RXRO
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 15-14
bit 13-8
bit 7-6
bit 5-0

REGISTER 9-14:

Unimplemented: Read as ‘0’
U1CTSR5:U1CTSRO: Assign UART1 Clear to Send (U1CTS) to Corresponding RPn or RPIn Pin bits
Unimplemented: Read as ‘0’
U1RXR5:U1RXRO: Assign UART1 Receive (U1RX) to Corresponding RPn or RPIn Pin bits

RPINR19: PERIPHERAL PIN SELECT INPUT REGISTER 19

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U2CTSR5 U2CTSR4 U2CTSR3 U2CTSR2 U2CTSR1 U2CTSRO
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U2RXR5 U2RXR4 U2RXR3 U2RXR2 U2RXR1 U2RXRO
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 15-14
bit 13-8
bit 7-6
bit 5-0

Unimplemented: Read as ‘0’
U2CTSR5:U2CTSRO: Assign UART2 Clear to Send (U2CTS) to Corresponding RPn or RPIn Pin bits
Unimplemented: Read as ‘0’
U2RXR5:U2RXR0: Assign UART2 Receive (U2RX) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-15: RPINR20: PERIPHERAL PIN SELECT INPUT REGISTER 20

u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SCK1R5 SCK1R4 SCK1R3 SCK1R2 SCK1R1 SCK1RO0
bit 15 bit 8

u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SDI1R5 SDI1R4 SDI1R3 SDI1R2 SDI1R1 SDI1RO
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 SCK1R5:SCK1RO0: Assign SPI1 Clock Input (SCK1IN) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 SDI1R5:SDI1RO0: Assign SPI1 Data Input (SDI1) to Corresponding RPn or RPIn Pin bits

REGISTER 9-16: RPINR21: PERIPHERAL PIN SELECT INPUT REGISTER 21

u-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U3CTSR5 U3CTSR4 U3CTSR3 U3CTSR2 U3CTSR1 U3CTSRO
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SS1R5 SS1R4 SS1R3 SS1R2 SS1R1 SS1R0
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 U3CTSR5:U3CTSRO: Assign UARTS3 Clear to Send (U3CTS) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 SS1R5:SS1R0: Assign SPI1 Slave Select Input (SS1IN) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-17: RPINR22: PERIPHERAL PIN SELECT INPUT REGISTER 22

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SCK2R5 SCK2R4 SCK2R3 SCK2R2 SCK2R1 SCK2R0
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SDI2R5 SDI2R4 SDI2R3 SDI2R2 SDI2R1 SDI2R0
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 SCK2R5:SCK2R0: Assign SPI2 Clock Input (SCK2IN) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 SDI2R5:SDI2R0: Assign SPI2 Data Input (SDI2) to Corresponding RPn or RPIn Pin bits

REGISTER 9-18: RPINR23: PERIPHERAL PIN SELECT INPUT REGISTER 23

uU-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SCK3R5 SCK3R4 SCK3R3 SCK3R2 SCK3R1 SCK3RO0
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — SS2R5 SS2R4 SS2R3 SS2R2 SS2R1 SS2R0
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 SCK3R5:SCK3RO0: Assign SPI3 Clock Input (SCK3IN) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 SS2R5:8SS2R0: Assign SPI2 Slave Select Input (SS2IN) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-19:

RPINR27: PERIPHERAL PIN SELECT INPUT REGISTER 27

U-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U4CTSR5 U4CTSR4 U4CTSR3 U4CTSR2 U4CTSR1 U4CTSRO
bit 15 bit 8

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — U4RXR5 U4RXR4 U4RXR3 U4RXR2 U4RXR1 U4RXRO
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 15-14
bit 13-8
bit 7-6
bit 5-0

REGISTER 9-20:

Unimplemented: Read as ‘0’
U4CTSR5:U4CTSRO: Assign UART4 Clear to Send (U4CTS) to Corresponding RPn or RPIn Pin bits
Unimplemented: Read as ‘0’
U4RXR5:U4RXR0: Assign UART4 Receive (U4RX) to Corresponding RPn or RPIn Pin bits

RPINR28: PERIPHERAL PIN SELECT INPUT REGISTER 28

uU-0 U-0 U-0 uU-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — SDI3R5 SDI3R4 SDI3R3 SDI3R2 SDI3R1 SDI3R0
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 15-6
bit 5-0

Unimplemented: Read as ‘0’
SDI3R5:SDI3RO0: Assign SPI3 Data Input (SDI3) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-21: RPINR29: PERIPHERAL PIN SELECT INPUT REGISTER 29
U-0 U-0 u-0 u-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — SS3R5 SS3R4 SS3R3 SS3R2 SS3R1 SS3R0
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 15-6
bit 5-0

Unimplemented: Read as ‘0’
SS3R5:SS3R0: Assign SPI3 Slave Select Input (SS31IN) to Corresponding RPn or RPIn Pin bits
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REGISTER 9-22: RPORO0: PERIPHERAL PIN SELECT OUTPUT REGISTER 0

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP1R5 RP1R4 RP1R3 RP1R2 RP1R1 RP1RO
bit 15 bit 8

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

— — RPOR5 RPOR4 RPOR3 RPOR2 RPOR1 RPORO
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP1R5:RP1R0: RP1 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP1 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RPOR5:RPORO0: RPO Output Pin Mapping bits
Peripheral output number n is assigned to pin RPO (see Table 9-2 for peripheral function numbers).

REGISTER 9-23: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP3R5 RP3R4 RP3R3 RP3R2 RP3R1 RP3R0
bit 15 bit 8

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP2R5 RP2R4 RP2R3 RP2R2 RP2R1 RP2R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP3R5:RP3R0: RP3 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP3 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP2R5:RP2R0: RP2 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP2 (see Table 9-2 for peripheral function numbers).

© 2008 Microchip Technology Inc. Preliminary DS39905B-page 133



PIC24FJ256GA110 FAMILY

REGISTER 9-24: RPORZ2: PERIPHERAL PIN SELECT OUTPUT REGISTER 2

u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP5R5(1) RP5R4(") RP5R3(1) RP5R2(1) RP5R1(1 RP5RO(
bit 15 bit 8

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

— — RP4R5 RP4R4 RP4R3 RP4R2 RP4R1 RP4R0
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 RP5R5:RP5R0: RP5 Output Pin Mapping bits(!)

Peripheral output number n is assigned to pin RP5 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP4R5:RP4R0: RP4 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP4 (see Table 9-2 for peripheral function numbers).

Note 1: Unimplemented in 64-pin devices; read as ‘0’.

REGISTER 9-25: RPORS3: PERIPHERAL PIN SELECT OUTPUT REGISTER 3

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

— — RP7R5 RP7R4 RP7R3 RP7R2 RP7R1 RP7R0
bit 15 bit 8

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

— — RP6R5 RP6R4 RP6R3 RP6R2 RP6R1 RP6R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP7R5:RP7R0: RP7 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP7 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP6R5:RP6R0: RP6 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP6 (see Table 9-2 for peripheral function numbers).
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REGISTER 9-26: RPOR4: PERIPHERAL PIN SELECT OUTPUT REGISTER 4
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP9R5 RP9R4 RP9R3 RP9R2 RP9R1 RP9RO
bit 15 bit 8
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP8R5 RP8R4 RP8R3 RP8R2 RP8R1 RP8RO
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 15-14
bit 13-8

bit 7-6
bit 5-0

Unimplemented: Read as ‘0’

RP9R5:RP9R0: RP9 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP9 (see Table 9-2 for peripheral function numbers).
Unimplemented: Read as ‘0’

RP8R5:RP8R0: RP8 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP8 (see Table 9-2 for peripheral function numbers).

REGISTER 9-27:

RPORS: PERIPHERAL PIN SELECT OUTPUT REGISTER 5

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

— — RP11R5 RP11R4 RP11R3 RP11R2 RP11R1 RP11RO
bit 15 bit 8

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

— — RP10R5 RP10R4 RP10R3 RP10R2 RP10R1 RP10RO
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 15-14
bit 13-8

bit 7-6
bit 5-0

Unimplemented: Read as ‘0’

RP11R5:RP11R0: RP11 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP11 (see Table 9-2 for peripheral function numbers).
Unimplemented: Read as ‘0’

RP10R5:RP10R0: RP10 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP10 (see Table 9-2 for peripheral function numbers).

© 2008 Microchip Technology Inc.
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REGISTER 9-28: RPORG6: PERIPHERAL PIN SELECT OUTPUT REGISTER 6

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP13R5 RP13R4 RP13R3 RP13R2 RP13R1 RP13R0
bit 15 bit 8

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP12R5 RP12R4 RP12R3 RP12R2 RP12R1 RP12R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP13R5:RP13R0: RP13 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP13 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP12R5:RP12R0: RP12 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP12 (see Table 9-2 for peripheral function numbers).

REGISTER 9-29: RPOR7: PERIPHERAL PIN SELECT OUTPUT REGISTER 7

u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP15R5( | RP15R4(" | RP15R3(M | RP15R2(M | RP15R1(M | RP15ROM
bit 15 bit 8

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP14R5 RP14R4 RP14R3 RP14R2 RP14R1 RP14R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP15R5:RP15R0: RP15 Output Pin Mapping bits(")
Peripheral output number n is assigned to pin RP15 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP14R5:RP14R0: RP14 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP14 (see Table 9-2 for peripheral function numbers).

Note 1: Unimplemented in 64-pin devices; read as ‘0’.

DS39905B-page 136 Preliminary © 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

REGISTER 9-30:

RPORS: PERIPHERAL PIN SELECT OUTPUT REGISTER 8

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

— — RP17R5 RP17R4 RP17R3 RP17R2 RP17R1 RP17R0O
bit 15 bit 8

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

— — RP16R5 RP16R4 RP16R3 RP16R2 RP16R1 RP16R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP17R5:RP17R0: RP17 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP17 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP16R5:RP16R0: RP16 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP16 (see Table 9-2 for peripheral function numbers).

REGISTER 9-31:

RPOR9: PERIPHERAL PIN SELECT OUTPUT REGISTER 9

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

— — RP19R5 RP19R4 RP19R3 RP19R2 RP19R1 RP19R0
bit 15 bit 8

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

— — RP18R5 RP18R4 RP18R3 RP18R2 RP18R1 RP18R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP19R5:RP19R0: RP19 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP19 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP18R5:RP18R0: RP18 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP18 (see Table 9-2 for peripheral function numbers).
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REGISTER 9-32: RPOR10: PERIPHERAL PIN SELECT OUTPUT REGISTER 10

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

— — RP21R5 RP21R4 RP21R3 RP21R2 RP21R1 RP21R0O
bit 15 bit 8

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

— — RP20R5 RP20R4 RP20R3 RP20R2 RP20R1 RP20R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP21R5:RP21R0: RP21 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP21 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP20R5:RP20R0: RP20 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP20 (see Table 9-2 for peripheral function numbers).

REGISTER 9-33: RPOR11: PERIPHERAL PIN SELECT OUTPUT REGISTER 11

u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP23R5 RP23R4 RP23R3 RP23R2 RP23R1 RP23R0
bit 15 bit 8

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

— — RP22R5 RP22R4 RP22R3 RP22R2 RP22R1 RP22R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP23R5:RP23R0: RP23 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP23 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP22R5:RP22R0: RP22 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP22 (see Table 9-2 for peripheral function numbers).
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REGISTER 9-34:

RPOR12: PERIPHERAL PIN SELECT OUTPUT REGISTER 12

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

— — RP25R5 RP25R4 RP25R3 RP25R2 RP25R1 RP25R0
bit 15 bit 8

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

— — RP24R5 RP24R4 RP24R3 RP24R2 RP24R1 RP24R0
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP25R5:RP25R0: RP25 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP25 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP24R5:RP24R0: RP24 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP24 (see Table 9-2 for peripheral function numbers).

REGISTER 9-35:

RPOR13: PERIPHERAL PIN SELECT OUTPUT REGISTER 13

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

— — RP27R5 RP27R4 RP27R3 RP27R2 RP27R1 RP27R0
bit 15 bit 8

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

— — RP26R5 RP26R4 RP26R3 RP26R2 RP26R1 RP26R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP27R5:RP27R0: RP27 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP27 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP26R5:RP26R0: RP26 Output Pin Mapping bits

Peripheral output number n is assigned to pin RP26 (see Table 9-2 for peripheral function numbers).
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REGISTER 9-36: RPOR14: PERIPHERAL PIN SELECT OUTPUT REGISTER 14

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP29R5 RP29R4 RP29R3 RP29R2 RP29R1 RP29R0
bit 15 bit 8

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

— — RP28R5 RP28R4 RP28R3 RP28R2 RP28R1 RP28R0O
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP29R5:RP29R0: RP29 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP29 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP28R5:RP28R0: RP28 Output Pin Mapping bits
Peripheral output number n is assigned to pin RP28 (see Table 9-2 for peripheral function numbers).

REGISTER 9-37: RPOR15: PERIPHERAL PIN SELECT OUTPUT REGISTER 15

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP31R5(M | RP31R4(M | RP31R3(" | RP31R2(M | RP31R1(") | RP31ROM
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP30R5( | RP30R4@ | RP30R31@ | RP30R2( | RP30R1(2) | RP30R0?
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 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP31R5:RP31R0: RP31 Output Pin Mapping bits(")
Peripheral output number n is assigned to pin RP31 (see Table 9-2 for peripheral function numbers).
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP30R5:RP30R0: RP30 Output Pin Mapping bits(?)
Peripheral output number n is assigned to pin RP30 (see Table 9-2 for peripheral function numbers).

Note 1: Unimplemented in 64-pin and 80-pin devices; read as ‘0’.
2: Unimplemented in 64-pin devices; read as ‘0.
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10.0 TIMER1

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the

“PIC24F Family Reference Manual”,

“Section 14. Timers” (DS39704).

The Timer1 module is a 16-bit timer which can serve as
the time counter for the Real-Time Clock (RTC), or
operate as a free-running, interval timer/counter.
Timer1 can operate in three modes:

« 16-Bit Timer

* 16-Bit Synchronous Counter

» 16-Bit Asynchronous Counter

Timer1 also supports these features:

» Timer Gate Operation

» Selectable Prescaler Settings

» Timer Operation during CPU Idle and Sleep
modes

« Interrupt on 16-Bit Period Register Match or
Falling Edge of External Gate Signal

Figure 10-1 presents a block diagram of the 16-bit
timer module.

To configure Timer1 for operation:

1. Set the TON bit (= 1).

2. Select the timer prescaler ratio using the
TCKPS1:TCKPSO bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits.

4. Set or clear the TSYNC bit to configure
synchronous or asynchronous operation.

5. Load the timer period value into the PR1
register.

6. Ifinterrupts are required, set the interrupt enable
bit, T1IE. Use the priority bits, T1IP2:T1IP0, to
set the interrupt priority.

FIGURE 10-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
TCKPS1:TCKPS0
1 SOSCO/ . N TON 2
T1CK IE If/ 1x
: . Gate Prescaler
' 'SOSCEN Sync 01 1, 8, 64, 256
SOSCI
Tey ® 00
TGATE
TGATE TCS
¢ ’
Set T1IF ! Q DJ
e —
0 Q \CK
ﬁ
Reset
TMRA1
' \71\ Sync
Comparator TSYNC
Equal
4
PR1
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REGISTER 10-1: T1CON: TIMER1 CONTROL REGISTER("

R/W-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 u-0
TON — TSIDL — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 uU-0
— TGATE TCKPS1 TCKPSO — TSYNC TCS —
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 15 TON: Timer1 On bit
1 = Starts 16-bit Timer1
0 = Stops 16-bit Timer1
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timer1 Gated Time Accumulation Enable bit
When TCS = 1:
This bit is ignored.
When TCS = o0:
1 = Gated time accumulation enabled
0 = Gated time accumulation disabled
bit 5-4 TCKPS1:TCKPSO0: Timer1 Input Clock Prescale Select bits
11 =1:256
10=1:64
01=18
00=1:1
bit 3 Unimplemented: Read as ‘0’
bit 2 TSYNC: Timer1 External Clock Input Synchronization Select bit
When TCS = 1:
1 = Synchronize external clock input
0 = Do not synchronize external clock input
When TCS = 0:
This bit is ignored.
bit 1 TCS: Timer1 Clock Source Select bit
1 = External clock from T1CK pin (on the rising edge)
0 = Internal clock (Fosc/2)
bit 0 Unimplemented: Read as ‘0’
Note 1: Changing the value of TMRxCON while the timer is running (TON = 1) causes the timer prescale counter

to reset and is not recommended.
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11.0 TIMER2/3 AND TIMER4/5

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,

“Section 14. Timers” (DS39704).

The Timer2/3 and Timer4/5 modules are 32-bit timers,
which can also be configured as four independent 16-bit
timers with selectable operating modes.

As 32-bit timers, Timer2/3 and Timer4/5 can each
operate in three modes:

* Two independent 16-bit timers with all 16-bit
operating modes (except Asynchronous Counter
mode)

+ Single 32-bit timer

» Single 32-bit synchronous counter

They also support these features:

» Timer Gate Operation

» Selectable Prescaler Settings

» Timer Operation during Idle and Sleep modes
* Interrupt on a 32-Bit Period Register Match

» ADC Event Trigger (Timer4/5 only)

Individually, all four of the 16-bit timers can function as
synchronous timers or counters. They also offer the
features listed above, except for the ADC Event
Trigger; this is implemented only with Timer5. The
operating modes and enabled features are determined
by setting the appropriate bit(s) in the T2CON, T3CON,
T4CON and T5CON registers. T2CON and T4CON are
shown in generic form in Register 11-1; T3CON and
T5CON are shown in Register 11-2.

For 32-bit timer/counter operation, Timer2 and Timer4
are the least significant word; Timer3 and Timer4 are
the most significant word of the 32-bit timers.

Note:  For 32-bit operation, T3CON and T5CON
control bits are ignored. Only T2CON and
T4CON control bits are used for setup and
control. Timer2 and Timer4 clock and gate
inputs are utilized for the 32-bit timer
modules, but an interrupt is generated with

the Timer3 or Timer5 interrupt flags.

To configure Timer2/3 or Timer4/5 for 32-bit operation:

1. Set the T32 bit (T2CON<3> or T4ACON<3> =1).

2. Select the prescaler ratio for Timer2 or Timer4
using the TCKPS1:TCKPSO bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits. If TCS is set to external clock,
RPINRXx (TxCK) must be configured to an avail-
able RPn pin. See Section 9.4 “Peripheral Pin
Select” for more information.

4. Load the timer period value. PR3 (or PR5) will
contain the most significant word of the value
while PR2 (or PR4) contains the least significant
word.

5. [Ifinterrupts are required, set the interrupt enable
bit, T3IE or T5IE; use the priority bits,
T3IP2:T3IPO or T5IP2:T5IPO, to set the interrupt
priority. Note that while Timer2 or Timer4 con-
trols the timer, the interrupt appears as a Timer3
or Timer5 interrupt.

6. Set the TON bit (= 1).

The timer value, at any point, is stored in the register
pair, TMR3:TMR2 (or TMR5:TMR4). TMR3 (TMR5)
always contains the most significant word of the count,
while TMR2 (TMR4) contains the least significant word.

To configure any of the timers for individual 16-bit
operation:

1. Clear the T32 bit corresponding to that timer
(T2CON<3> for Timer2 and Timer3 or
T4CON<3> for Timer4 and Timer5).

2. Select the timer prescaler ratio using the
TCKPS1:TCKPSO bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits. See Section 9.4 “Peripheral
Pin Select” for more information.

4. Load the timer period value into the PRx register.

5. Ifinterrupts are required, set the interrupt enable
bit, TXIE; use the priority bits, TxIP2:TxIPO, to
set the interrupt priority.

6. Set the TON bit (TXCON<15> = 1).

© 2008 Microchip Technology Inc.
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FIGURE 11-1: TIMER2/3 AND TIMERA4/5 (32-BIT) BLOCK DIAGRAM
TCKPS1:TCKPSO0
T2CK ™S _ TON 2
(T4CK) -z 1x
Gate Prescaler
Sync 01 1, 8, 64, 256
Tey * 00
t I J ——— Tcs@
1 Q D
Set T3IF (T5IF) —
; oK
PR3 | PR2
(PR5) ' (PR4)
ADC Event Trigger(®
Equal
- Comparator
MSB LSB

/

TMR3 | TMR2 Svne
Reset | (TMR5) 1 (TMR4) 4‘ Y

Read TMR2 (TMR4)("
Write TMR2 (TMR4)(")

TMR3HLD
(TMR5HLD)

Data Bus<15:0> ﬁ

Note 1: The 32-Bit Timer Configuration bit, T32, must be set for 32-bit timer/counter operation. All control bits are
respective to the T2CON and T4CON registers.
2: The Timer Clock input must be assigned to an available RPn pin before use. Please see Section 9.4 “Peripheral
Pin Select” for more information.
3: The ADC Event Trigger is available only on Timer2/3 in 32-bit mode and Timer3 in 16-bit mode.
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FIGURE 11-2: TIMER2 AND TIMER4 (16-BIT SYNCHRONOUS) BLOCK DIAGRAM

TCKPS1.TCKPSO0

TON 2
T2CK N
L 4 1
(TACK) % L * i
Gate Prescaler
Sync 01 1, 8, 64, 256

TGATE 0 0:
$ Tov TCs™
1 Q DJ TGATE"
Set T2IF (T4IF) o) K—
0 Q \C
Reset e
TMR2 (TMR4) Sync
v
Comparator
Equal
4
PR2 (PR4)
Note 1: The Timer Clock input must be assigned to an available RPn pin before use. Please see Section 9.4 “Peripheral
Pin Select” for more information.
FIGURE 11-3: TIMER3 AND TIMERS (16-BIT ASYNCHRONOUS) BLOCK DIAGRAM
TCKPS1:TCKPS0
T3CK ™S | _ TON 2
(T5CK) If/ Sync 1x
Prescaler
01 1, 8, 64, 256
TGATE 00
* Tey [ Tcs™
1 Q DJ TGATEM
Set T3IF (T5IF) aQ \cK—!
. ¢
Reset
TMR3 (TMRS5)
 Z
ADC Event Trigger(z)
Comparator
Equal
4
PR3 (PR5)

Note 1: The Timer Clock input must be assigned to an available RPn pin before use. Please see Section 9.4 “Peripheral

Pin Select” for more information.
2: The ADC Event Trigger is available only on Timer3.
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REGISTER 11-1: TxCON: TIMER2 AND TIMER4 CONTROL REGISTER(®)

R/W-0 uU-0 R/W-0 u-0 u-0 u-0 U-0 U-0
TON — TSIDL — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 U-0
— TGATE TCKPS1 TCKPS0 T32(1 — TCS® —
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 15 TON: Timerx On bit

When TxCON<3> = 1:

1 = Starts 32-bit Timerx/y

0 = Stops 32-bit Timerx/y

When TxCON<3> = 0:

1 = Starts 16-bit Timerx

0 = Stops 16-bit Timerx
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timerx Gated Time Accumulation Enable bit
When TCS = 1:
This bit is ignored.
When TCS = 0:

1 = Gated time accumulation enabled
0 = Gated time accumulation disabled
bit 5-4 TCKPS1:TCKPSO0: Timerx Input Clock Prescale Select bits
11 =1:256
10 =1:64
01=1:8
00=1:1
bit 3 T32: 32-Bit Timer Mode Select bit(")

1 = Timerx and Timery form a single 32-bit timer
0 = Timerx and Timery act as two 16-bit timers
In 32-bit mode, T3CON control bits do not affect 32-bit timer operation.

bit 2 Unimplemented: Read as ‘0’

bit 1 TCS: Timerx Clock Source Select bit(?)
1 = External clock from pin, TxCK (on the rising edge)
0 = Internal clock (Fosc/2)

bit 0 Unimplemented: Read as ‘0’

Note 1: In 32-bit mode, the T3CON or TSCON control bits do not affect 32-bit timer

2: If TCS =1, RPINRXx (TxCK) must be configured to an available RPn pin. Fo
Section 9.4 “Peripheral Pin Select”.

3: Changing the value of TMRxCON while the timer is running (TON = 1) caus
to reset and is not recommended.

operation.
r more information, see

es the timer prescale counter
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REGISTER 11-2: TyCON: TIMER3 AND TIMER5 CONTROL REGISTER(®)

R/W-0 u-0 R/W-0 u-0 u-0 uU-0 uU-0 uU-0
TON() — TSIDL™ — — — — —
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 uU-0 U-0 R/W-0 u-0
— TGATE™M | TCkPsS1™ | TCKPSO( — — Tcs(12) —
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 15 TON: Timery On bit(")
1 = Starts 16-bit Timery
0 = Stops 16-bit Timery
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit("
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timery Gated Time Accumulation Enable bit(")
When TCS = 1:
This bit is ignored.
When TCS = o:
1 = Gated time accumulation enabled
0 = Gated time accumulation disabled
bit 5-4 TCKPS1:TCKPSO: Timery Input Clock Prescale Select bits(")
11 =1:256
10 = 1:64
01=1:8
00=1:1
bit 3-2 Unimplemented: Read as ‘0’
bit 1 TCS: Timery Clock Source Select bit(1-2)
1 = External clock from pin TyCK (on the rising edge)
0 = Internal clock (Fosc/2)
bit 0 Unimplemented: Read as ‘0’
Note 1: When 32-bit operation is enabled (T2CON<3> or T4ACON<3> = 1), these bits have no effect on Timery

operation; all timer functions are set through T2CON and T4CON.

If TCS = 1, RPINRx (TxCK) must be configured to an available RPn pin. See Section 9.4 “Peripheral
Pin Select” for more information.

Changing the value of TMRxCON while the timer is running (TON = 1) causes the timer prescale counter
to reset and is not recommended.
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NOTES:
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12.0 INPUT CAPTURE WITH
DEDICATED TIMER

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”.

Devices in the PIC24FJ256GA110 family all feature
9 independent enhanced input capture modules. Each
of the modules offers a wide range of configuration and
operating options for capturing external pulse events
and generating interrupts.

Key features of the enhanced output module include:

» Hardware-configurable for 32-bit operation in all
modes by cascading two adjacent modules

» Synchronous and Trigger modes of output
compare operation, with up to 30 user-selectable
trigger/sync sources available

* A 4-level FIFO buffer for capturing and holding
timer values for several events

» Configurable interrupt generation

» Up to 6 clock sources available for each module,
driving a separate internal 16-bit counter

The module is controlled through two registers,
ICXCON1 (Register 12-1) and ICXCON2 (Register 12-2).
A general block diagram of the module is shown in
Figure 12-1.

FIGURE 12-1:

121 General Operating Modes

12.1.1 SYNCHRONOUS AND TRIGGER
MODES

By default, the enhanced input capture module oper-
ates in a free-running mode. The internal 16-bit counter
ICXTMR counts up continuously, wrapping around from
FFFFh to 0000h on each overflow, with its period
synchronized to the selected external clock source.
When a capture event occurs, the current 16-bit value
of the internal counter is written to the FIFO buffer.

In Synchronous mode, the module begins capturing
events on the ICx pin as soon as its selected clock
source is enabled. Whenever an event occurs on the
selected sync source, the internal counter is reset. In
Trigger mode, the module waits for a Sync event from
another internal module to occur before allowing the
internal counter to run.

Standard, free-running operation is selected by setting
the SYNCSEL bits to ‘'00000’, and clearing the ICTRIG
bit (ICxCON2<7>). Synchronous and Trigger modes
are selected any time the SYNCSEL bits are set to any
value except ‘00000’. The ICTRIG bit selects either
Synchronous or Trigger mode; setting the bit selects
Trigger mode operation. In both modes, the SYNCSEL
bits determine the sync/trigger source.

When the SYNCSEL bits are set to ‘00000’ and
ICTRIG is set, the module operates in Software Trigger
mode. In this case, capture operations are started by
manually setting the TRIGSTAT bit (ICXCON2<6>).

INPUT CAPTURE BLOCK DIAGRAM

ICM2:1CMO0

Trigger and #
Sync Sources

TRIGGER

Select” for more information.

+ ICI1:ICIO
' Prescaler Edge Detect Logic : Event and Set ICxIF
X’—* Counter > and . . Interr_upt ———————»
Sy 1:1/4/16 Clock Synchronizer |, Logic
icxPinM e———_ a I
ICTSEL2:ICTSELO
—  Clock Increment 16 : :
IC Clock ', Select |—» ICXTMR Iq-ﬁ}l 4-Level FIFO Buffer | |
Sources 16
— A | |
— I I
I I
Trigger and : :
Sync Logic Reset | I 16
I
I

~¢—— SYNCSEL4:SYNCSELO

Note 1: The ICx inputs must be assigned to an available RPn pin before use. Please see Section 9.4 “Peripheral Pin

| ICXBUF ‘ ———]>

ICOV, ICBNE System Bus
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12.1.2 CASCADED (32-BIT) MODE

By default, each module operates independently with
its own 16-bit timer. To increase resolution, adjacent
even and odd modules can be configured to function as
a single 32-bit module. (For example, modules 1 and 2
are paired, as are modules 3 and 4, and so on.) The
odd-numbered module (ICx) provides the Least Signif-
icant 16 bits of the 32-bit register pairs, and the even
module (ICy) provides the Most Significant 16 bits.
Wraparounds of the ICx registers cause an increment
of their corresponding ICy registers.

Cascaded operation is configured in hardware by
setting the 1C32 bits (ICxCON2<8>) for both modules.

12.2 Capture Operations

The enhanced input capture module can be configured
to capture timer values and generate interrupts on
rising edges on ICx, or all transitions on ICx. Captures
can be configured to occur on all rising edges, or just
some (every 4th or 16th). Interrupts can be indepen-
dently configured to generate on each event, or a
subset of events.

To set up the module for capture operations:
1. Configure the ICx input for one of the available
Peripheral Pin Select pins.

2. If Synchronous mode is to be used, disable the
sync source before proceeding.

3. Make sure that any previous data has been
removed from the FIFO by reading ICXBUF until
the ICBNE bit (ICxCON1<3>) is cleared.

4. Set the SYNCSEL bits (ICXCON2<4:0>) to the
desired sync/trigger source.

5. Set the ICTSEL bits (ICXCON1<12:10>) for the
desired clock source.

6. Set the ICI bits (ICxCON1<6:5>) to the desired
interrupt frequency

7. Select Synchronous or Trigger mode operation:

a) Check that the SYNCSEL bits are not set to
‘00000’

b) For Synchronous mode, clear the ICTRIG
bit (ICXCON2<7>).

c) For Trigger mode, set ICTRIG, and clear the
TRIGSTAT bit (ICXCON2<6>).

8. Set the ICM bits (ICXCON1<2:0>) to the desired
operational mode.

9. Enable the selected trigger/sync source.

For 32-bit cascaded operations, the setup procedure is
slightly different:

1. Set the IC32 bits for both modules
(ICyCON2<8> and (ICxCON2<8>), enabling the
even-numbered module first. This ensures the
modules will start functioning in unison.

2. Set the ICTSEL and SYNCSEL bits for both
modules to select the same sync/trigger and
time base source. Set the even module first,
then the odd module. Both modules must use
the same ICTSEL and SYNCSEL settings.

3. Clear the ICTRIG bit of the even module
(ICyCON2<7>); this forces the module to run in
Synchronous mode with the odd module,
regardless of its trigger setting.

4. Use the odd module’s ICI bits (ICXCON1<6:5>)
to the desired interrupt frequency.

5. Use the ICTRIG bit of the odd module
(ICxCON2<7>) to configure Trigger or
Synchronous mode operation.

Note: For Synchronous mode operation, enable
the sync source as the last step. Both
input capture modules are held in Reset
until the sync source is enabled.

6. Use the ICM bits of the odd module
(ICxCON1<2:0>) to set the desired capture
mode.

The module is ready to capture events when the time
base and the trigger/sync source are enabled. When
the ICBNE bit (ICxXCON1<3>) becomes set, at least
one capture value is available in the FIFO. Read input
capture values from the FIFO until the ICBNE clears to
‘0.

For 32-bit operation, read both the ICxBUF and
ICyBUF for the full 32-bit timer value (ICxBUF for the
Isw, ICyBUF for the msw). At least one capture value is
available in the FIFO buffer when the odd module’s
ICBNE bit (ICxCON1<3>) becomes set. Continue to
read the buffer registers until ICBNE is cleared
(perform automatically by hardware).
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REGISTER 12-1:  ICxCON1: INPUT CAPTURE x CONTROL REGISTER 1

u-0

u-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0

— ICSIDL ICTSEL2 ICTSEL1 ICTSELO — —

bit 15

bit 8

u-0

R/W-0 R/W-0 R-0, HC R-0, HC R/W-0 R/W-0 R/W-0

ICI1 ICIO ICOV ICBNE Icm2(M icm1M IcmotM

bit 7

bit 0

Legend:

HC = Hardware Clearable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13

bit 12-10

bit 9-7

bit 6-5

bit 4

bit 3

bit 2-0

Note 1:

Unimplemented: Read as ‘0’
ICSIDL: Input Capture x Module Stop in Idle Control bit

1 = Input capture module halts in CPU Idle mode

0 = Input capture module continues to operate in CPU Idle mode
ICTSEL2:ICTSELDO: Input Capture Timer Select bits
111 = System clock (Fosc/2)

110 = Reserved

101 = Reserved

100 = Timer1

011 =Timer5

010 = Timer4

001 = Timer2

000 = Timer3

Unimplemented: Read as ‘0’

ICI1:ICI0: Select Number of Captures per Interrupt bits
11 = Interrupt on every fourth capture event

10 = Interrupt on every third capture event

01 = Interrupt on every second capture event
00 = Interrupt on every capture event

ICOV: Input Capture x Overflow Status Flag bit (read-only)

1 = Input capture overflow occurred
0 = No input capture overflow occurred

ICBNE: Input Capture x Buffer Empty Status bit (read-only)

1 = Input capture buffer is not empty, at least one more capture value can be read
0 = Input capture buffer is empty

ICM2:ICMO: Input Capture Mode Select bits(1)

111 = Interrupt mode: input capture functions as interrupt pin only when device is in Sleep or Idle mode
(rising edge detect only, all other control bits are not applicable)

110 = Unused (module disabled)

101 = Prescaler Capture mode: capture on every 16th rising edge

100 = Prescaler Capture mode: capture on every 4th rising edge

011 = Simple Capture mode: capture on every rising edge

010 = Simple Capture mode: capture on every falling edge

001 = Edge Detect Capture mode: capture on every edge (rising and falling), ICI1:ICIO bits do not
control interrupt generation for this mode

000 = Input capture module turned off

The ICx input must also be configured to an available RPn pin. For more information, see Section 9.4
“Peripheral Pin Select”.

© 2008 Microchip Technology Inc. Preliminary DS39905B-page 151



PIC24FJ256GA110 FAMILY

REGISTER 12-2: ICxCON2: INPUT CAPTURE x CONTROL REGISTER 2

u-0 u-0 u-0 u-0 uU-0 u-0 u-0 R/W-0
- ! - ! - ! = [ = [ = [ = ]| o%
bit 15 bit 8
R/W-0 R/W-0, HS u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ICTRIG | TRIGSTAT |  — | SYNCSEL4 | SYNCSEL3 | SYNCSEL2 | SYNCSEL1 | SYNCSELO
bit 7 bit 0
Legend: HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-9 Unimplemented: Read as ‘0’
bit 8 IC32: Cascade Two IC Modules Enable bit (32-bit operation)

1 = ICx and ICy operate in cascade as a 32-bit module (this bit must be set in both modules)
0 = ICx functions independently as a 16-bit module

bit 7 ICTRIG: ICx Trigger/Sync Select bit

1 = Trigger ICx from source designated by SYNCSELX bits
0 = Synchronize ICx with source designated by SYNCSELX bits

bit 6 TRIGSTAT: Timer Trigger Status bit
1 = Timer source has been triggered and is running (set in hardware, can be set in software)
0 = Timer source has not been triggered and is being held clear

bit 5 Unimplemented: Read as ‘0’

bit 4-0 SYNCSEL4:SYNCSELO: Trigger/Synchronization Source Selection bits
11111 = Reserved
11110 = Input Capture 9
11101 = Input Capture 6
11100 = CTMUM
11011 = A/DM
11010 = Comparator 3
11001 = Comparator 2
11000 = Comparator 1)
10111 = Input Capture 4
10110 = Input Capture 3
10101 = Input Capture 2
10100 = Input Capture 1
10011 = Input Capture 8
10010 = Input Capture 7
1000x = reserved
01111 = Timer 5
01110 = Timer 4
01101 = Timer 3
01100 = Timer 2
01011 = Timer 1
01010 = Input Capture 5
01001 = Output Compare 9
01000 = Output Compare 8
00111 = Output Compare 7
00110 = Output Compare 6
00101 = Output Compare 5
00100 = Output Compare 4
00011 = Output Compare 3
00010 = Output Compare 2
00001 = Output Compare 1
00000 = Not synchronized to any other module

Note 1: Use these inputs as trigger sources only and never as sync sources.
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13.0 OUTPUT COMPARE WITH
DEDICATED TIMER

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’.

Devices in the PIC24FJ256GA110 family all feature 9
independent enhanced output compare modules. Each
of these modules offers a wide range of configuration
and operating options for generating pulse trains on
internal device events, and can produce pulse-width
modulated waveforms for driving power applications.

Key features of the enhanced output compare module
include:

» Hardware-configurable for 32-bit operation in all
modes by cascading two adjacent modules

» Synchronous and Trigger modes of output
compare operation, with up to 30 user-selectable
trigger/sync sources available

» Two separate period registers (a main register,
OCxR, and a secondary register, OCxRS) for
greater flexibility in generating pulses of varying
widths

+ Configurable for single-pulse or continuous pulse
generation on an output event, or continuous
PWM waveform generation

» Up to 6 clock sources available for each module,
driving a separate internal 16-bit counter

13.1 General Operating Modes

13.11 SYNCHRONOUS AND TRIGGER
MODES

By default, the enhanced output compare module oper-
ates in a free-running mode. The internal, 16-bit
counter, OCXxTMR, counts up continuously, wrapping
around from FFFFh to 0000h on each overflow, with its
period synchronized to the selected external clock
source. Compare or PWM events are generated each
time a match between the internal counter and one of
the period registers occurs.

In Synchronous mode, the module begins performing
its compare or PWM operation as soon as its selected
clock source is enabled. Whenever an event occurs on
the selected sync source, the module’s internal counter
is reset. In Trigger mode, the module waits for a sync
event from another internal module to occur before
allowing the counter to run.

Free-running mode is selected by default, or any time
that the SYNCSEL bits (OCxCON2<4:0>) are set to
‘00000’. Synchronous or Trigger modes are selected
any time the SYNCSEL bits are set to any value except
‘00000’. The OCTRIG bit (OCxCON2<7>) selects
either Synchronous or Trigger mode; setting the bit
selects Trigger mode operation. In both modes, the
SYNCSEL bits determine the sync/trigger source.

13.1.2 CASCADED (32-BIT) MODE

By default, each module operates independently with
its own set of 16-bit timer and duty cycle registers. To
increase resolution, adjacent even and odd modules
can be configured to function as a single 32-bit module.
(For example, modules 1 and 2 are paired, as are mod-
ules 3 and 4, and so on.) The odd-numbered module
(OCx) provides the Least Significant 16 bits of the
32-bit register pairs, and the even module (OCy)
provides the Most Significant 16 bits. Wraparounds of
the OCx registers cause an increment of their
corresponding OCy registers.

Cascaded operation is configured in hardware by
setting the OC32 bits (OCxCON2<8>) for both
modules.

© 2008 Microchip Technology Inc.
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13.2 Compare Operations 3.

In Compare mode (Figure 13-1), the enhanced output

compare module can be configured for single-shot or 4.
continuous pulse generation; it can also repeatedly

toggle an output pin on each timer event. S.
To set up the module for compare operations: 6

1. Configure the OCx output for one of the
available Peripheral Pin Select pins.
2. Calculate the required values for the OCxR and
(for Double Compare modes) OCxRS duty cycle
registers: 7.
a) Determine the instruction clock cycle time.
Take into account the frequency of the
external clock to the timer source (if one is
used) and the timer prescaler settings.
b) Calculate time to the rising edge of the out- 8.
put pulse relative to the timer start value
(0000h).
c) Calculate the time to the falling edge of the
pulse based on the desired pulse width and
the time to the rising edge of the pulse.

Write the rising edge value to OCxR, and the
falling edge value to OCxRS.

Set the Timer Period register, PRy, to a value
equal to or greater than the value in OCxRS.
Set the OCM2:0CMO bits for the appropriate
compare operation (= 0xx).

For Trigger mode operations, set OCTRIG to
enable Trigger mode. Set or clear TRIGMODE to
configure trigger operation, and TRIGSTAT to
select a hardware or software trigger. For
Synchronous mode, clear OCTRIG.

Set the SYNCSEL4:SYNCSELDO bits to configure
the trigger or synchronization source. If
free-running timer operation is required, set the
SYNCSEL bits to ‘00000’ (no sync/trigger
source).

Select the time base source with the
OCTSEL2:0OCTSELO bits. If necessary, set the
TON bit for the selected timer which enables the
compare time base to count. Synchronous mode
operation starts as soon as the time base is
enabled; Trigger mode operation starts after a
trigger source event occurs.

FIGURE 13-1: OUTPUT COMPARE BLOCK DIAGRAM (16-BIT MODE)
i E— 7 oCMx
| OCxCON1 [ 8CINV
CTRIS
Sy [ oocone
TRIGSTAT L — — — — = 4 FLTTRIEN
TRIGMODE ELNTF'\CTDO
e OCFLTO

IReset

;’ ______ 1| Match Event oCx Pin(")
_? |
0C Clock | 1 Slock
Sources — OC Output and
—T Fault Logic
1 Match Event
| T
| Match Event
Trigger and # Trigger and | !
Sync Sources "I | gync Logic | OCxRS

Pin Select” for more information.

OCx Interrupt

Note 1: The OCx outputs must be assigned to an available RPn pin before use. Please see Section 9.4 “Peripheral
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For 32-bit cascaded operation, these steps are also
necessary:

1. Set the OC32 bits for both registers
(OCyCON2<8> and (OCxCON2<8>). Enable
the even-numbered module first to ensure the
modules will start functioning in unison.

2. Clear the OCTRIG bit of the even module
(OCyCON2), so the module will run in
Synchronous mode.

3. Configure the desired output and Fault settings
for OCyCONZ2.

4. Force the output pin for OCx to the output state
by clearing the OCTRIS bit.

5. If Trigger mode operation is required, configure
the trigger options in OCx by using the OCTRIG
(OCxCON2<7>), TRIGSTAT (OCxCON2<6>)
and SYNCSEL (OCxCON2<4:0>) bits.

6. Configure the desired Compare or PWM mode
of operation (OCM<2:0>) for OCyCON1 first,
then for OCxCON1.

Depending on the output mode selected, the module
holds the OCx pin in its default state, and forces a tran-
sition to the opposite state when OCxR matches the
timer. In Double Compare modes, OCx is forced back
to its default state when a match with OCxRS occurs.
The OCXIF interrupt flag is set after an OCxR match in
Single Compare modes, and after each OCxRS match
in Double Compare modes.

Single-shot pulse events only occur once, but may be
repeated by simply rewriting the value of the
OCxCON1 register. Continuos pulse events continue
indefinitely until terminated.

13.3 Pulse-Width Modulation (PWM)
Mode

In PWM mode, the enhanced output compare module
can be configured for edge-aligned or center-aligned
pulse waveform generation. All PWM operations are
double-buffered (buffer registers are internal to the
module and are not mapped into SFR space).

To set up the module for PWM operations:

1. Configure the OCx output for one of the
available Peripheral Pin Select pins.

2. Calculate the desired duty cycles and load them
into the OCxR register.

3. Calculate the desired period and load it into the
OCXxRS register.

4. Select the current OCx as the trigger/sync
source by writing Ox1F to SYNCSEL<4:0>
(OCxCON2<4:0>).

5. Select a clock source by writing the
OCTSEL2<2:0> (OCxCON<12:10>) bits.

6. Enable interrupts, if required, for the timer and
output compare modules. The output compare
interrupt is required for PWM Fault pin utilization.

7. Select the desired PWM mode in the OCM<2:0>
(OCxCON1<2:0>) bits.

8. |If atimer is selected as a clock source, set the
TMRYy prescale value and enable the time base
by setting the TON (TxCON<15>) bit.

Note:  This peripheral contains input and output
functions that may need to be configured
by the Peripheral Pin Select. See
Section 9.4 “Peripheral Pin Select” for

more information.

© 2008 Microchip Technology Inc.
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FIGURE 13-2: OUTPUT COMPARE BLOCK DIAGRAM (DOUBLE-BUFFERED, 16-BIT PWM MODE)
M .l
| OCxCON1 ||
I|  ocxconz |l 8gmxv
OCTSELx L= - OCTRIS
SYNCSELx FLTOUT
TRIGSTAT FLTTRIEN
TRIGMODE f————— FLTMD
OCTRIG Rollover/Reset ENFLTO
OCFLTO
Y OCXxR buffer v

Comparator

! Increment
OC Clock Clock
Sources :
: OCxTMR
|
|
Comparator
) Trigger and Match Event
Trigger and

Sync Sources Sync Logic

B
—
—® Select
—
—

|

|

I

|

I

|

|

I

Reset

|
: OCxRS buffer 1
|
[

A Rollover/Reset
\N—————

OCx Pin

Match o
Event

»| OC Output and
Rollover Fault Logic

> OCFA/OCFB
Match
Event < §§

OCx Interrupt

Pin Select” for more information.

Note 1: The OCx outputs must be assigned to an available RPn pin before use. Please see Section 9.4 “Peripheral

13.3.1 PWM PERIOD

The PWM period is specified by writing to PRy, the
Timer Period register. The PWM period can be
calculated using Equation 13-1.

EQUATION 13-1: CALCULATING THE PWM
PERIOD(")

PWM Period = [(PRy) + 1] * TCY * (Timer Prescale Value)

where: PWM Frequency = 1/[PWM Period]

Note 1: Based on Tcy = Tosc * 2, Doze mode
and PLL are disabled.

Note: A PRy value of N will produce a PWM
period of N + 1 time base count cycles. For
example, a value of 7 written into the PRy
register will yield a period consisting of
8 time base cycles.

13.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
OCxRS and OCxR registers. The OCxRS and OCxR
registers can be written to at any time, but the duty
cycle value is not latched until a match between PRy
and TMRy occurs (i.e., the period is complete). This
provides a double buffer for the PWM duty cycle and is
essential for glitchless PWM operation.

Some important boundary parameters of the PWM duty
cycle include:

» If OCxR, OCxRS, and PRy are all loaded with
0000h, the OCx pin will remain low (0% duty
cycle).
» -If OCxRS is greater than PRy, the pin will remain
high (100% duty cycle).
See Example 13-1 for PWM mode timing details.
Table 13-1 and Table 13-2 show example PWM
frequencies and resolutions for a device operating at
4 MIPS and 10 MIPS, respectively.
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CALCULATION FOR MAXIMUM PWM RESOLUTION(")

1 Fcy
0810 -
FPwM e (Timer Prescale Value)

log;o(2)

EQUATION 13-2:

Maximum PWM Resolution (bits) = bits

Note 1: Based on Fcy = Fosc/2, Doze mode and PLL are disabled.

EXAMPLE 13-1:  PWM PERIOD AND DUTY CYCLE CALCULATIONS(")

1. Find the Timer Period register value for a desired PWM frequency of 52.08 kHz, where Fosc = 8 MHz with PLL
(32 MHz device clock rate) and a Timer2 prescaler setting of 1:1.
Tcy =2 * Tosc = 62.5 ns
PWM Period = 1/PWM Frequency = 1/52.08 kHz =19.2 us
PWM Period = (PR2 + 1) « TCY * (Timer 2 Prescale Value)
19.2 ps =(PR2+1)*625ns 1
PR2 =306
2. Find the maximum resolution of the duty cycle that can be used with a 52.08 kHz frequency and a 32 MHz device clock rate:
PWM Resolution = logo(FCY/FPWM)/log;(2) bits
= (log;o(16 MHz/52.08 kHz)/log;(2) bits

= 8.3 bits
Note 1: Based on Tcy = 2 * Tosc; Doze mode and PLL are disabled.
TABLE 13-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 4 MIPS (Fcy =4 MHz)(1)
PWM Frequency 7.6 Hz 61 Hz 122 Hz 977 Hz 3.9 kHz 31.3 kHz 125 kHz
Timer Prescaler Ratio 8 1 1 1 1 1 1
Period Register Value FFFFh FFFFh 7FFFh OFFFh 03FFh 007Fh 001Fh
Resolution (bits) 16 16 15 12 10 7 5

Note 1: Based on Fcy = Fosc/2, Doze mode and PLL are disabled.

TABLE 13-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 16 MIPS (Fcy =16 MHz)(1)
PWM Frequency 30.5Hz 244 Hz 488 Hz 39kHz | 15.6 kHz | 125kHz | 500 kHz

Timer Prescaler Ratio 8 1 1 1 1 1 1

Period Register Value FFFFh FFFFh 7FFFh OFFFh 03FFh 007Fh 001Fh

Resolution (bits) 16 16 15 12 10 7 5

Note 1:

Based on Fcy = Fosc/2, Doze mode and PLL are disabled.

© 2008 Microchip Technology Inc.
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REGISTER 13-1: OCxCON1: OUTPUT COMPARE x CONTROL 1 REGISTER

u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 u-0

— | — | ocsibL | OCTSEL2 | OCTSEL1 | OCTSELO |  — —
bit 15 bit 8

R/W-0 u-0 u-0 R/W-0, HCS R/W-0 R/W-0 R/W-0 R/W-0
ENFLTO — — OCFLTO | TRIGMODE | ocm2(") ocm1(h ocmot!

bit 7 bit 0
Legend: HCS = Hardware Clearable/Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14 Unimplemented: Read as ‘0’
bit 13 OCSIDL: Stop Output Compare x in Idle Mode Control bit
1 = Output Compare x halts in CPU Idle mode
0 = Output Compare x continues to operate in CPU Idle mode
bit 12-10 OCTSEL2:0CTSELO: Output Compare x Timer Select bits
111 = System Clock
110 = Reserved
101 = Reserved
100 = Timer1
011 = Timer5
010 = Timer4
001 = Timer3
000 = Timer2
bit 9-8 Unimplemented: Read as ‘0’
bit 7 ENFLTO: Fault O Input Enable bit
1 = Fault 0 input is enabled
0 = Fault 0 input is disabled
bit 6-5 Unimplemented: Read as ‘0’
bit 4 OCFLTO0: PWM Fault Condition Status bit
1 = PWM Fault condition has occurred (cleared in HW only)
0 = No PWM Fault condition has occurred (this bit is only used when OCM<2:0> =111)

bit 3 TRIGMODE: Trigger Status Mode Select bit

1 = TRIGSTAT (OCxCON2<6>) is cleared when OCxRS = OCxTMR or in software
0 = TRIGSTAT is only cleared by software

bit 2-0 OCM2:0CMO: Output Compare x Mode Select bits(?)

111 = Center-Aligned PWM Mode on OCx(2)

110 = Edge-Aligned PWM Mode on OCx(?

101 = Double Compare Continuous Pulse mode: Initialize OCx pin low, toggle OCx state continuously
on alternate matches of OCxR and OCxRS

100 = Double Compare Single-Shot mode: Initialize OCx pin low, toggle OCx state on matches of OCxR
and OCxRS for one cycle

011 = Single Compare Continuous Pulse mode: Compare events continuously toggle OCx pin

010 = Single Compare Single-Shot mode: Initialize OCx pin high, compare event forces OCx pin low

001 = Single Compare Single-Shot mode: Initialize OCx pin low, compare event forces OCx pin high

000 = Output compare channel is disabled

Note 1: The OCx output must also be configured to an available RPn pin. For more information, see Section 9.4
“Peripheral Pin Select”.
2: OCFA pin controls OC1-OC4 channels; OCFB pin controls the OC5-OC9 channels. OCxR and OCxRS are
double-buffered only in PWM modes.
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REGISTER 13-2:

OCxCON2: OUTPUT COMPARE x CONTROL 2 REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 u-0 U-0 uU-0 R/W-0
FLTMD FLTOUT FLTTRIEN OCINV = = = 0C32
bit 15 bit 8
R/W-0 R/W-0, HS R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OCTRIG TRIGSTAT OCTRIS SYNCSEL4 | SYNCSEL3 | SYNCSEL2 | SYNCSEL1 | SYNCSELO
bit 7 bit 0
Legend: HS = Hardware Settable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14

bit 13

bit 12

bit 11-9
bit 8

bit 7

bit 6

bit 5

Note 1:

FLTMD: Fault Mode Select bit

1 = Fault mode is maintained until the Fault source is removed and the corresponding OCFLTO bit is
cleared in software

0 = Fault mode is maintained until the Fault source is removed and a new PWM period starts

FLTOUT: Fault Out bit

1 = PWM output is driven high on a Fault

0 = PWM output is driven low on a Fault

FLTTRIEN: Fault Output State Select bit

1 = Pinis forced to an output on a Fault condition
0 = Pin I/O condition is unaffected by a Fault

OCINV: OCMP Invert bit

1 = OCx output is inverted

0 = OCx output is not inverted

Unimplemented: Read as ‘0’

0C32: Cascade Two OC Modules Enable bit (32-bit operation)

1 = Cascade module operation enabled

0 = Cascade module operation disabled

OCTRIG: OCx Trigger/Sync Select bit

1 = Trigger OCx from source designated by SYNCSELX bits

0 = Synchronize OCx with source designated by SYNCSELXx bits
TRIGSTAT: Timer Trigger Status bit

1 = Timer source has been triggered and is running

0 = Timer source has not been triggered and is being held clear
OCTRIS: OCx Output Pin Direction Select bit

1 = OCx pin is tristated

0 = Output Compare Peripheral x connected to the OCx pin

Never use an OC module as its own trigger source, either by selecting this mode or another equivalent

SYNCSEL setting.

2:

Use these inputs as trigger sources only and never as sync sources.
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REGISTER 13-2: OCxCON2: OUTPUT COMPARE x CONTROL 2 REGISTER (CONTINUED)

bit 4-0 SYNCSEL4:SYNCSELO: Trigger/Synchronization Source Selection bits

11111 = This OC module(")
11110 = Input Capture 9(2)
11101 = Input Capture 6
11100 = CTMU®@

11011 = A/D@

11010 = Comparator 3
11001 = Comparator 22
11000 = Comparator 1
10111 = Input Capture 4
10110 = Input Capture 3
10101 = Input Capture 2(3)
10100 = Input Capture 1
10011 = Input Capture 8(2)
10010 = Input Capture 7(2)
1000x = reserved

01111 = Timer 5

01110 = Timer 4

01101 = Timer 3

01100 = Timer 2

01011 = Timer 1

01010 = Input Capture 5@
01001 = Output Compare 9"
01000 = Output Compare 8"
00111 = Output Compare 7t
00110 = Output Compare 6"
00101 = Output Compare 5(1)
00100 = Output Compare 4"
00011 = Output Compare 3(")
00010 = Output Compare 2(")
00001 = Output Compare 11
00000 = Not synchronized to any other module

Note 1: Never use an OC module as its own trigger source, either by selecting this mode or another equivalent
SYNCSEL setting.

2: Use these inputs as trigger sources only and never as sync sources.
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14.0 SERIAL PERIPHERAL
INTERFACE (SPI)

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 23. Serial Peripheral Interface

(SPI)” (DS39699).

The Serial Peripheral Interface (SPI) module is a
synchronous serial interface useful for communicating
with other peripheral or microcontroller devices. These
peripheral devices may be serial EEPROMs, shift reg-
isters, display drivers, A/D Converters, etc. The SPI
module is compatible with Motorola’s SPI and SIOP
interfaces. All devices of the PIC24FJ256GA110 family
include three SPI modules

The module supports operation in two buffer modes. In
Standard mode, data is shifted through a single serial
buffer. In Enhanced Buffer mode, data is shifted
through an 8-level FIFO buffer.

The SPI serial interface consists of four pins:

» SDIx: Serial Data Input
» SDOx: Serial Data Output
» SCKXx: Shift Clock Input or Output

» SSx: Active-Low Slave Select or Frame
Synchronization I/O Pulse

The SPI module can be configured to operate using 2,
3 or 4 pins. In the 3-pin mode, SSx is not used. In the
2-pin mode, both SDOx and SSx are not used.

Block diagrams of the module in Standard and
Enhanced modes are shown in Figure 14-1 and
Figure 14-2.

Note: In this section, the SPI modules are
referred to together as SPIx or separately
as SPI1, SPI2 or SPI3. Special Function
Registers will follow a similar notation. For
example, SPIXCON1 and SPIXCONZ2 refer
to the control registers for any of the 3 SPI
modules.

Note: Do not perform read-modify-write opera-
tions (such as bit-oriented instructions) on
the SPIXBUF register in either Standard or
Enhanced Buffer mode.

The module also supports a basic framed SPI protocol
while operating in either Master or Slave mode. A total
of four framed SPI configurations are supported.

© 2008 Microchip Technology Inc.
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To set up the SPI module for the Standard Master mode
of operation:

1.

If using interrupts:

To set up the SPI module for the Standard Slave mode
of operation:

1.

Clear the SPIXBUF register.

a) Clear the SPIxIF bit in the respective IFS 2. If using interrupts:
register. a) Clear the SPIxIF bit in the respective IFS
b) Set the SPIXIE bit in the respective IEC register.
register. b) Set the SPIXIE bit in the respective IEC
c) Write the SPIXIP bits in the respective IPC register.
register to set the interrupt priority. c) Write the SPIXIP bits in the respective IPC
2. Write the desired settings to the SPIXCON1 and register to set the interrupt priority.
SPIXCON2 registers with the MSTEN bit 3. Write the desired settings to the SPIXCON1
(SPIXCON1<5>) = 1. and SPIXCON2 registers with the MSTEN bit
3. Clear the SPIROV bit (SPIXSTAT<6>). (SPIXCON1<5>) = 0.
4. Enable SPI operation by setting the SPIEN bit 4. Clear the SMP bit.
(SPIXSTAT<15>). 5. If the CKE bit is set, then the SSEN_bit
5. Write the data to be transmitted to the SPIXBUF (SPIXCON1<8>) must be set to enable the SSx
register. Transmission (and reception) will start pin.
as soon as data is written to the SPIXBUF 6. Clear the SPIROV bit (SPIXSTAT<6>).
register. 7. Enable SPI operation by setting the SPIEN bit
(SPIXSTAT<15>).
FIGURE 14-1: SPIx MODULE BLOCK DIAGRAM (STANDARD MODE)
SCKx 1:1to 1:8 1:1/4/16/64
/\]— Secondary —— Primary —— Fcy
Prescaler Prescaler
SSx/FSYNCx S T
<« > ync Control Select
|E Control Clock Edge SPIXCON1<1:0>
SDOx L Shift Control SPIXCON1<4:2>
~ Enable
SDIx bit 0 y Master Clock
4 SPIXSR —
Transfer Transfer
SPIXBUF
Read SPIXBUF Write SPIXBUF
16
< P> Internal Data Bus
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To set up the SPI module for the Enhanced Buffer
Master mode of operation:

1.

If using interrupts:
a) Clear the SPIxIF bit in the respective IFS

To set up the SPI module for the Enhanced Buffer
Slave mode of operation:

1. Clear the SPIXBUF register.
2. If using interrupts:

register. a) Clear the SPIxIF bit in the respective IFS
b) Set the SPIXIE bit in the respective IEC register.
register. b) Set the SPIXIE bit in the respective IEC
c) Write the SPIXIP bits in the respective IPC register.
register. c) Write the SPIXIP bits in the respective IPC
2. Write the desired settings to the SPIXCON1 and register to set the interrupt priority.
SPIXCON2 registers with the MSTEN bit 3. Write the desired settings to the SPIXCON1 and
(SPIXCON1<5>) = 1. SPIXCON2 registers with the MSTEN bit
3. Clear the SPIROV bit (SPIXSTAT<6>). (SPIXCON1<5>) = 0.
4. Select Enhanced Buffer mode by setting the 4. Clear the SMP bit.
SPIBEN bit (SPIXCON2<0>). 5. If the CKE bit is set, then the SSEN bit must be
5. Enable SPI operation by setting the SPIEN bit set, thus enabling the SSx pin.
(SPIXSTAT<15>). 6. Clear the SPIROV bit (SPIXSTAT<6>).
6. Write the data to be transmitted to the SPIXBUF 7. Select Enhanced Buffer mode by setting the
register. Transmission (and reception) will start SPIBEN bit (SPIXCON2<0>).
as soon as data is written to the SPIXBUF 8. Enable SPI operation by setting the SPIEN bit
register. (SPIXSTAT<15>).
FIGURE 14-2: SPIx MODULE BLOCK DIAGRAM (ENHANCED MODE)
SCKx 1110 1:8 1:1/4/16/64
X} /\]— Secondary [ Primary — Fcy
Prescaler Prescaler
SSXIFSYNCx y T
|X|<_> Ci?\/?rZI Ccolgtcrl(()| ?E%ISS SPIXCON1<1:0>
SDOx L Shift Control SPIXCON1<4:2>
Enable
SDIx bit0 \/ Master Clock

| SPIXSR |—>

Transfer Transfer

8-Level FIFO 8-Level FIFO
Receive Buffer Transmit Buffer

v 1

SPIXBUF

Read SPIxBUF Write SPIXBUF
16

P> Internal Data Bus
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REGISTER 14-1: SPIXSTAT: SPIx STATUS AND CONTROL REGISTER

R/W-0 uU-0 R/W-0 u-0 u-0 R-0 R-0 R-0
SPIEN™) — SPISIDL — — SPIBEC2 SPIBEC1 SPIBECO
bit 15 bit 8
R-0 R/C-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0
SRMPT SPIROV SRXMPT SISEL2 SISEL1 SISELO SPITBF SPIRBF
bit 7 bit 0

Legend: C = Clearable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 SPIEN: SPIx Enable bit("

1 = Enables module and configures SCKx, SDOx, SDIx and SSx as serial port pins
0 = Disables module

bit 14 Unimplemented: Read as ‘0’

bit 13 SPISIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

bit 12-11 Unimplemented: Read as ‘0’

bit 10-8 SPIBEC2:SPIBECO: SPIx Buffer Element Count bits (valid in Enhanced Buffer mode)
Master mode:
Number of SPI transfers pending.
Slave mode:
Number of SPI transfers unread.

bit 7 SRMPT: Shift Register (SPIXSR) Empty bit (valid in Enhanced Buffer mode)

1 = SPIx Shift register is empty and ready to send or receive
0 = SPIx Shift register is not empty

bit 6 SPIROV: Receive Overflow Flag bit
1 = Anew byte/word is completely received and discarded. The user software has not read the previous

data in the SPIXBUF register.
0 = No overflow has occurred

bit 5 SRXMPT: Receive FIFO Empty bit (valid in Enhanced Buffer mode)

1 = Receive FIFO is empty
0 = Receive FIFO is not empty

bit 4-2 SISEL2:SISELO: SPIx Buffer Interrupt Mode bits (valid in Enhanced Buffer mode)

111 = Interrupt when SPIx transmit buffer is full (SPITBF bit is set)

110 = Interrupt when last bit is shifted into SPIXSR, as a result, the TX FIFO is empty

101 = Interrupt when the last bit is shifted out of SPIXSR, now the transmit is complete

100 = Interrupt when one data is shifted into the SPIXSR, as a result, the TX FIFO has one open spot

011 = Interrupt when SPIx receive buffer is full (SPIRBF bit set)

010 = Interrupt when SPIx receive buffer is 3/4 or more full

001 = Interrupt when data is available in receive buffer (SRMPT bit is set)

000 = Interrupt when the last data in the receive buffer is read, as a result, the buffer is empty
(SRXMPT bit set)

Note 1: If SPIEN = 1, these functions must be assigned to available RPn pins before use. See Section 9.4
“Peripheral Pin Select” for more information.
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REGISTER 14-1: SPIXSTAT: SPIx STATUS AND CONTROL REGISTER (CONTINUED)

bit 1 SPITBF: SPIx Transmit Buffer Full Status bit

1 = Transmit not yet started, SPIXTXB is full

0 = Transmit started, SPIXTXB is empty

In Standard Buffer mode:

Automatically set in hardware when CPU writes SPIXBUF location, loading SPIXTXB. Automatically
cleared in hardware when SPIx module transfers data from SPIXTXB to SPIXSR.

In Enhanced Buffer mode:

Automatically set in hardware when CPU writes SPIXBUF location, loading the last available buffer location.
Automatically cleared in hardware when a buffer location is available for a CPU write.

bit 0 SPIRBF: SPIx Receive Buffer Full Status bit
1 = Receive complete, SPIXRXB is full
0 = Receive is not complete, SPIXRXB is empty
In Standard Buffer mode:
Automatically set in hardware when SPIx transfers data from SPIXSR to SPIXRXB. Automatically
cleared in hardware when core reads SPIXBUF location, reading SPIXRXB.
In Enhanced Buffer mode:
Automatically set in hardware when SPIx transfers data from SPIxSR to buffer, filling the last unread
buffer location. Automatically cleared in hardware when a buffer location is available for a transfer from
SPIxSR.

Note 1: If SPIEN = 1, these functions must be assigned to available RPn pins before use. See Section 9.4
“Peripheral Pin Select” for more information.
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REGISTER 14-2: SPIXCON1: SPIx CONTROL REGISTER 1

u-0

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — pissck™ | pisspo@ | MODE16 SMP CKE®)

bit 15

bit 8

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

SSEN@

CKP MSTEN SPRE2 SPRE1 SPREO PPRE1 PPREO

bit 7

bit 0

Legend:
R = Reada
-n = Value

ble bit W = Writable bit U = Unimplemented bit, read as ‘0’
at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13
bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

Note 1:

Unimplemented: Read as ‘0’

DISSCK: Disable SCKx pin bit (SPI Master modes only)(")
1 = Internal SPI clock is disabled; pin functions as /O

0 = Internal SPI clock is enabled

DISSDO: Disable SDOXx pin bit2)

1 = SDOx pin is not used by module; pin functions as 1/0
0 = SDOx pin is controlled by the module

MODE16: Word/Byte Communication Select bit

1 = Communication is word-wide (16 bits)

0 = Communication is byte-wide (8 bits)

SMP: SPIx Data Input Sample Phase bit

Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

Slave mode:

SMP must be cleared when SPIx is used in Slave mode.

CKE: SPIx Clock Edge Select bit(®)

1 = Serial output data changes on transition from active clock state to Idle clock state (see bit 6)
0 = Serial output data changes on transition from Idle clock state to active clock state (see bit 6)
SSEN: Slave Select Enable (Slave mode) bit(4

1 = SSx pin used for Slave mode

0 = SSx pin not used by module; pin controlled by port function

CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level; active state is a low level

0 = Idle state for clock is a low level; active state is a high level

MSTEN: Master Mode Enable bit

1 = Master mode
0 = Slave mode

If DISSCK = 0, SCKx must be configured to an available RPn pin. See Section 9.4 “Peripheral Pin
Select” for more information.

If DISSDO = 0, SDOx must be configured to an available RPn pin. See Section 9.4 “Peripheral Pin
Select” for more information.

The CKE bit is not used in the Framed SPI modes. The user should program this bit to ‘0’ for the Framed
SPI modes (FRMEN = 1).

If SSEN = 1, SSx must be configured to an available RPn pin. See Section 9.4 “Peripheral Pin Select”
for more information.
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REGISTER 14-2: SPIXCON1: SPIx CONTROL REGISTER 1 (CONTINUED)

bit 4-2 SPRE2:SPREO: Secondary Prescale bits (Master mode)

111 = Secondary prescale 1:1
110 = Secondary prescale 2:1

000 = Secondary prescale 8:1
bit 1-0 PPRE1:PPREO: Primary Prescale bits (Master mode)
11 = Primary prescale 1:1
10 = Primary prescale 4:1
01 = Primary prescale 16:1
00 = Primary prescale 64:1

Note 1: If DISSCK = 0, SCKx must be configured to an available RPn pin. See Section 9.4 “Peripheral Pin

Select” for more information.

2: If DISSDO = 0, SDOx must be configured to an available RPn pin. See Section 9.4 “Peripheral Pin

Select” for more information.

3: The CKE bit is not used in the Framed SPI modes. The user should program this bit to ‘0’ for the Framed

SPI modes (FRMEN = 1).

4: If SSEN = 1, SSx must be configured to an available RPn pin. See Section 9.4 “Peripheral Pin Select”

for more information.

REGISTER 14-3: SPIXCON2: SPIx CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 u-0 U-0 U-0 U-0 U-0
FRMEN SPIFSD SPIFPOL — — — — —
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 u-0 R/W-0 R/W-0
— — — — — — SPIFE SPIBEN
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 15 FRMEN: Framed SPIx Support bit

1 = Framed SPIx support enabled
0 = Framed SPIx support disabled
bit 14 SPIFSD: Frame Sync Pulse Direction Control on SSx pin bit
1 = Frame sync pulse input (slave)
0 = Frame sync pulse output (master)
bit 13 SPIFPOL: Frame Sync Pulse Polarity bit (Frame mode only)
1 = Frame sync pulse is active-high
0 = Frame sync pulse is active-low
bit 12-2 Unimplemented: Read as ‘0’
bit 1 SPIFE: Frame Sync Pulse Edge Select bit
1 = Frame sync pulse coincides with first bit clock
0 = Frame sync pulse precedes first bit clock
bit 0 SPIBEN: Enhanced Buffer Enable bit

1 = Enhanced Buffer enabled
0 = Enhanced Buffer disabled (Legacy mode)
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FIGURE 14-3: SPI MASTER/SLAVE CONNECTION (STANDARD MODE)

PROCESSOR 1 (SPI Master) PROCESSOR 2 (SPI Slave)

| I | |
| I | I
| I | |
| I | |
| SDOx | . | SDIx |
| I = |
| I | |
| Serial Receive Buffer [ | Serial Receive Buffer |
I (SPIXRXB) | I (SPIXRXB) |
| I | |
| I | |
| I | I
| I | |
| Shift Register SDIx | | SDOx Shift Register I
| (SPIXSR) o | (SPIXSR) |
| I | |
| MSb LSb | | MSb LSb |
| I | |
' Serial T it Buff ' ' I
I erial Transmit Butier I | Serial Transmit Buffer I
| (SPIXTXB) | I (SPIXTXB) '
! A ' I |
| ﬁ I | T +7 |
! ' Serial Clock _ :
' SPIx Buffer SCKx I——————+ SCKx SPIx Buffer !
! (SPIXBUF) I : (SPIXBUF) :
| |

| L »I3gsy |
| I | |
L e e e e e e e e e e e e = — = - J L e e e e e e e e e e e e e - — - 4

MSTEN (SPIXCON1<5>) = 1) SSEN (SPIXCON1<7>) = 1 and MSTEN (SPIXCON1<5>) = 0

Note 1: Usingthe SSx pin in Slave mode of operation is optional.
2: User must write transmit data to read received data from SPIXBUF. The SPIXTXB and SPIXRXB registers are memory
mapped to SPIxBUF.

FIGURE 14-4: SPI MASTER/SLAVE CONNECTION (ENHANCED BUFFER MODES)

: PROCESSOR 1 (SPI Enhanced Buffer Master) : : PROCESSOR 2 (SPI Enhanced Buffer Slave) :
| | | |
| SDOXx | I SDIx |
| | gl |
| | | |
! Shift Register SDIX | | SDOx Shift Register !
| (SPIXSR) | : (SPIXSR) :
I MSb LSb I [ MSb LSb I
| | | |
| ’ ‘ | | |
| | | |
| | | |
| 8-Level FIFO Buffer | | 8-Level FIFO Buffer |
| | | |
| | | |
| | | |
| | | |
| | | |
| | : | |
SPIx Buffer Serial Clock SPIx Buffer
| S
: (SPIXBUF) SCrx | SCKx (SPIXBUF) :
| | | |
| | | |
| SSx |4>| SSx |
| | | |
© " T MSTEN (SPIXCON1<5%) = 1and SSEN (SPIXCON1<7>)=1,
SPIBEN (SPIXCON2<0>) = 1 MSTEN (SPIXCON1<5>) = 0 and

SPIBEN (SPIxCON2<0>) = 1

Note 1: Using the SSx pin in Slave mode of operation is optional.
2: User must write transmit data to read received data from SPIXBUF. The SPIXTXB and SPIXRXB registers are memory
mapped to SPIXBUF.
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FIGURE 14-5: SPI MASTER, FRAME MASTER CONNECTION DIAGRAM

PIC24F I I PROCESSOR 2
(SPI Slave, Frame Slave) | |
| |

SDOxL—— pml! SDIx
| |
| |

SDIx :47: SDOx

I Serial Clock !
SCKX ——p»| SCKx
I

|
@%:ﬁ
|

| Py Sy

FIGURE 14-6: SPI MASTER, FRAME SLAVE CONNECTION DIAGRAM
;— ______ P I;:Z;F ______ -; ;— o _P_RBC_ES_SBR_Z_ o 1'
| SPI Master, Frame Slave) | | |
I I I |
: SDOX ————— B SDIx |
I I I |
: SDIx :47: SDOx :
: SCKx :Mplr SCKx |
| 55 < 5 |
| | Frame Sync | |
| , Pulse | |

FIGURE 14-7: SPI SLAVE, FRAME MASTER CONNECTION DIAGRAM
o Pic2aF | | PROCESSOR2 |
! (SPI Slave, Frame Slave) | | |
| I I I
: SDOx :—y: SDIx :
| I I I
| SDIx :47: SDOx |
| I Serial Clock ! '
| SCKx |g——— SCKXx |
| I I I
| Ssx L gl SSx I
! I Frame Sync. ! I
| | Pulse | |

FIGURE 14-8: SPI SLAVE, FRAME SLAVE CONNECTION DIAGRAM
L pic24F | P _P_Rc_)c_Es_sc_)R_z_ S

|
(SPI Master, Frame Slave) | |
|

SDIx :47: SDOx

I Serial Clock !
SCKx —— 1 SCKx
| |
SSx 'e———' S5x
I Frame Sync !
I Pulse |
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EQUATION 14-1: RELATIONSHIP BETWEEN DEVICE AND SPI CLOCK SPEED(")

Fcy

Fsck = -
Primary Prescaler * Secondary Prescaler

Note 1: Based on Fcy = Fosc/2, Doze mode and PLL are disabled.

TABLE 14-1: SAMPLE SCK FREQUENCIES(1+2)

Secondary Prescaler Settings
Fcy =16 MHz
1:1 2:1 4:1 6:1 8:1
Primary Prescaler Settings 1:1 Invalid 8000 4000 2667 2000
4:1 4000 2000 1000 667 500
16:1 1000 500 250 167 125
64:1 250 125 63 42 31
Fcy =5 MHz
Primary Prescaler Settings 1:1 5000 2500 1250 833 625
4:1 1250 625 313 208 156
16:1 313 156 78 52 39
64:1 78 39 20 13 10

Note 1: Based on Fcy = Fosc/2, Doze mode and PLL are disabled.
2: SCKx frequencies shown in kHz.
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15.0 INTER-INTEGRATED CIRCUIT
(12c™)

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 24. Inter-Integrated Circuit

(12c™)” (DS39702).

The Inter-Integrated Circuit (I°C) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be serial EEPROMSs, display drivers, A/D
Converters, etc.

The 1°C module supports these features:

* Independent master and slave logic
« 7-bit and 10-bit device addresses
¢ General call address, as defined in the 12C protocol

+ Clock stretching to provide delays for the
processor to respond to a slave data request

» Both 100 kHz and 400 kHz bus specifications.

» Configurable address masking

* Multi-Master modes to prevent loss of messages
in arbitration

» Bus Repeater mode, allowing the acceptance of
all messages as a slave regardless of the address

» Automatic SCL

A block diagram of the module is shown in Figure 15-1.

15.1 Peripheral Remapping Options

The 12C modules are tied to fixed pin assignments, and
cannot be reassigned to alternate pins using Peripheral
Pin Select. To allow some flexibility with peripheral mul-
tiplexing, the 1°C2 module in 100-pin devices can be
reassigned to the alternate pins designated as ASCL2
and ASDA2 during device configuration.

Pin assignment is controlled by the 12C2SEL Configu-
ration bit; programming this bit (= 0) multiplexes the
module to the ASCL2 and ASDAZ2 pins.

15.2 Communicating as a Master in a
Single Master Environment

The details of sending a message in Master mode
depends on the communications protocol for the device
being communicated with. Typically, the sequence of
events is as follows:

1. Assert a Start condition on SDAx and SCLx.

2. Send the I2C device address byte to the slave
with a write indication.

3. Wait for and verify an Acknowledge from the
slave.

4. Send the first data byte (sometimes known as
the command) to the slave.

5. Wait for and verify an Acknowledge from the

slave.

6. Send the serial memory address low byte to the
slave.

7. Repeat steps 4 and 5 until all data bytes are
sent.

8. Assert a Repeated Start condition on SDAx and
SCLx.

9. Send the device address byte to the slave with
a read indication.

10. Wait for and verify an Acknowledge from the
slave.

11. Enable master reception to receive serial
memory data.

12. Generate an ACK or NACK condition at the end
of a received byte of data.

13. Generate a Stop condition on SDAx and SCLx.

© 2008 Microchip Technology Inc.
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FIGURE 15-1: I2C™ BLOCK DIAGRAM
Internal
DataBus 4
| ™S
I12CxRCV >
| l L Read
X >
=" shift
SCLx Clock Y

\ I2CxRSR }4—‘
I [SB
] >

SDAX * Address Match
| ‘ Match Detect }7 Write
* | 12cxMsK
Write Read
| | 12cxADD | >
Read
Y
Start and Stop >
Bit Detect
Write
| < - Startand Stop |
e Bit Generation | €P|  12CxSTAT
~J Q
L g Read
| Collision 3 Write
—] Detect > £
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€»  12cxCON
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~ Generation Read
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hift Clock
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15.3 Setting Baud Rate When
Operating as a Bus Master

To compute the Baud Rate Generator reload value, use
Equation 15-1.

EQUATION 15-1: COMPUTING BAUD RATE

RELOAD VALUE(1:2)
FscL = Fcy Foy
1t
12CxBRG + 1 10000000
or
_ Fcy B Fcy )7
[2CxBRG (FSCL 10,000,000/ |

Note 1: Based on FCY = FOsc/2; Doze mode and PLL

are disabled.

2: These clock rate values are for guidance only.
The actual clock rate can be affected by various
system level parameters. The actual clock rate

should be measured in its intended application.

15.4 Slave Address Masking

The 12CxMSK register (Register 15-3) designates
address bit positions as “don’t care” for both 7-Bit and
10-Bit Addressing modes. Setting a particular bit loca-
tion (= 1) in the I2CxMSK register causes the slave
module to respond whether the corresponding address
bit value is a ‘0’ or a ‘1’. For example, when 12CxMSK
is setto '00010000’, the slave module will detect both
addresses, ‘0000000’ and ‘0010000’.

To enable address masking, the IPMI (Intelligent
Peripheral Management Interface) must be disabled by
clearing the IPMIEN bit (I2CxCON<11>).

Note:  As a result of changes in the 2°C™ proto-
col, the addresses in Table 15-2 are
reserved and will not be acknowledged in
Slave mode. This includes any address
mask settings that include any of these

addresses.

TABLE 15-1:  12C™ CLOCK RATES('?)
Required System Foy I2CxBRG Value Actual
FscL (Decimal) (Hexadecimal) FscL
100 kHz 16 MHz 157 9D 100 kHz
100 kHz 8 MHz 78 4E 100 kHz
100 kHz 4 MHz 39 27 99 kHz
400 kHz 16 MHz 37 25 404 kHz
400 kHz 8 MHz 18 12 404 kHz
400 kHz 4 MHz 9 9 385 kHz
400 kHz 2 MHz 4 4 385 kHz
1 MHz 16 MHz 13 D 1.026 MHz
1 MHz 8 MHz 6 6 1.026 MHz
1 MHz 4 MHz 3 3 0.909 MHz

Note 1:

Based on Fcy = Fosc/2, Doze mode and PLL are disabled.

2: These clock rate values are for guidance only. The actual clock rate can be affected by various system
level parameters. The actual clock rate should be measured in its intended application.

TABLE 15-2: 12C™ RESERVED ADDRESSES!"
Slave Address | R/W Bit Description

0000 000 0 General Call Address(?
0000 000 1 Start Byte
0000 001 x Cbus Address
0000 010 x Reserved
0000 011 x Reserved
0000 1xx x HS Mode Master Code
1111 1xx x Reserved
1111 Oxx x 10-Bit Slave Upper Byte(3)

Note 1: The address bits listed here will never cause an address match, independent of address mask settings.

2: Address will be Acknowledged only if GCEN = 1.
3: Match on this address can only occur on the upper byte in 10-Bit Addressing mode.

© 2008 Microchip Technology Inc.
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REGISTER 15-1: 12CxCON: 12Cx CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-1 HC R/W-0 R/W-0 R/W-0 R/W-0
I2CEN — I2CSIDL SCLREL IPMIEN A10M DISSLW SMEN

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0,HC R/W-0,HC R/W-0,HC R/W-0,HC R/W-0,HC
GCEN STREN ACKDT ACKEN RCEN PEN RSEN SEN

bit 7 bit 0

Legend: HC = Hardware Clearable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 I2CEN: 12Cx Enable bit

1 = Enables the 12Cx module and configures the SDAx and SCLx pins as serial port pins
0 = Disables 12Cx module. All I1°C pins are controlled by port functions.
bit 14 Unimplemented: Read as ‘0’
bit 13 12CSIDL: Stop in Idle Mode bit
1 = Discontinues module operation when device enters an Idle mode
0 = Continues module operation in Idle mode
bit 12 SCLREL: SCLx Release Control bit (when operating as 12c Slave)

1 = Releases SCLx clock
0 = Holds SCLx clock low (clock stretch)

If STREN = 1:

Bit is R/W (i.e., software may write ‘0’ to initiate stretch and write ‘1’ to release clock).
Hardware clear at beginning of slave transmission.

Hardware clear at end of slave reception.

If STREN = o:
Bit is R/S (i.e., software may only write ‘1’ to release clock).
Hardware clear at beginning of slave transmission.
bit 11 IPMIEN: Intelligent Peripheral Management Interface (IPMI) Enable bit
1 = IPMI Support mode is enabled; all addresses Acknowledged
0 = IPMI mode disabled
bit 10 A10M: 10-Bit Slave Addressing bit
1 =12CxADD is a 10-bit slave address
0 = 12CxADD is a 7-bit slave address
bit 9 DISSLW: Disable Slew Rate Control bit
1 = Slew rate control disabled
0 = Slew rate control enabled
bit 8 SMEN: SMBus Input Levels bit
1 = Enables I/O pin thresholds compliant with SMBus specification
0 = Disables SMBus input thresholds
bit 7 GCEN: General Call Enable bit (when operating as I°C slave)

1 = Enables interrupt when a general call address is received in the I2CxRSR
(module is enabled for reception)
0 = General call address disabled

bit 6 STREN: SCLx Clock Stretch Enable bit (when operating as I2C slave)

Used in conjunction with SCLREL bit.
1 = Enables software or receive clock stretching
0 = Disables software or receive clock stretching
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REGISTER 15-1: 12CxCON: 12Cx CONTROL REGISTER (CONTINUED)

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

ACKDT: Acknowledge Data bit (When operating as I°C master. Applicable during master receive.)

Value that will be transmitted when the software initiates an Acknowledge sequence.
1 = Sends NACK during Acknowledge
0 = Sends ACK during Acknowledge

ACKEN: Acknowledge Sequence Enable bit (When operating as I°C master. Applicable during master
receive.)

1 = Initiates Acknowledge sequence on SDAx and SCLx pins and transmits ACKDT data bit. Hardware
clear at end of master Acknowledge sequence.
0 = Acknowledge sequence not in progress

RCEN: Receive Enable bit (when operating as 1’c master)

1 = Enables Receive mode for I12C. Hardware clear at end of eighth bit of master receive data byte.
0 = Receives sequence not in progress

PEN: Stop Condition Enable bit (when operating as I1°C master)

1 = Initiates Stop condition on SDAx and SCLx pins. Hardware clear at end of master Stop sequence.
0 = Stop condition not in progress

RSEN: Repeated Start Condition Enabled bit (when operating as 12C master)

1 = Initiates Repeated Start condition on SDAx and SCLx pins. Hardware clear at end of master
Repeated Start sequence.

0 = Repeated Start condition not in progress

SEN: Start Condition Enabled bit (when operating as 12c master)

1 = Initiates Start condition on SDAx and SCLx pins. Hardware clear at end of master Start sequence.
0 = Start condition not in progress
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REGISTER 15-2:

I2CxSTAT: 12Cx STATUS REGISTER

R = Readable bit
-n = Value at POR ‘1’ = Bit is set

R-0,HSC R-0,HSC u-0 u-0 U-0 R/C-0, HS R-0, HSC R-0, HSC
ACKSTAT | TRSTAT — — — BCL GCSTAT ADD10
bit 15 bit 8
R/C-0,HS R/C-0,HS R-0,HSC R/C-0,HSC R/C-0,HSC R-0, HSC R-0, HSC R-0, HSC
wcoL | icov | bA | p | s | RW | ReF | TBF
bit 7 bit 0
Legend: C = Clearable bit HS = Hardware Settable bit HSC = Hardware Settable/

Clearable bit
W = Writable bit U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14

bit 13-11
bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

ACKSTAT: Acknowledge Status bit

1 = NACK was detected last

0 = ACK was detected last

Hardware set or clear at end of Acknowledge.

TRSTAT: Transmit Status bit

(When operating as 12C master. Applicable to master transmit operation.)

1 = Master transmit is in progress (8 bits + ACK)

0 = Master transmit is not in progress

Hardware set at beginning of master transmission. Hardware clear at end of slave Acknowledge.
Unimplemented: Read as ‘0’

BCL: Master Bus Collision Detect bit

1 = A bus collision has been detected during a master operation

0 = No collision

Hardware set at detection of bus collision.

GCSTAT: General Call Status bit

1 = General call address was received

0 = General call address was not received

Hardware set when address matches general call address. Hardware clear at Stop detection.
ADD10: 10-Bit Address Status bit

1 = 10-bit address was matched
0 = 10-bit address was not matched
Hardware set at match of 2nd byte of matched 10-bit address. Hardware clear at Stop detection.

IWCOL.: Write Collision Detect bit

1 = An attempt to write the I2CxTRN register failed because the 12C module is busy
0 = No caollision
Hardware set at occurrence of write to I2CxTRN while busy (cleared by software).

12COV: Receive Overflow Flag bit

1 = A byte was received while the I2CxRCYV register is still holding the previous byte
0 = No overflow
Hardware set at attempt to transfer I2CxRSR to I2CxRCYV (cleared by software).

D/A: Data/Address bit (when operating as I°C slave)

1 = Indicates that the last byte received was data

0 = Indicates that the last byte received was device address

Hardware clear at device address match. Hardware set by write to I2CxTRN or by reception of slave byte.
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REGISTER 15-2: 12CxSTAT: I12Cx STATUS REGISTER (CONTINUED)

bit 4 P: Stop bit
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
Hardware set or clear when Start, Repeated Start or Stop detected.
bit 3 S: Start bit
1 = Indicates that a Start (or Repeated Start) bit has been detected last
0 = Start bit was not detected last
Hardware set or clear when Start, Repeated Start or Stop detected.

bit 2 RIW: Read/Write Information bit (when operating as 1°C slave)
1 = Read - indicates data transfer is output from slave
0 = Write — indicates data transfer is input to slave
Hardware set or clear after reception of 12C device address byte.
bit 1 RBF: Receive Buffer Full Status bit
1 = Receive complete, I2CxRCV is full
0 = Receive not complete, I2CxRCV is empty
Hardware set when 12CxRCV is written with received byte. Hardware clear when software reads
I2CxRCV.

bit 0 TBF: Transmit Buffer Full Status bit

1 = Transmit in progress, I2CxTRN is full
0 = Transmit complete, I2CxTRN is empty
Hardware set when software writes I2CxTRN. Hardware clear at completion of data transmission.
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REGISTER 15-3: [12CxMSK: 12Cx SLAVE MODE ADDRESS MASK REGISTER

u-0 U-0 U-0 U-0 U-0 u-0 R/W-0 R/W-0
— — — — — — AMSK9 AMSKS8
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
AMSK7 AMSK6 AMSKS5 AMSK4 AMSK3 AMSK2 AMSKA1 AMSKO
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 15-10 Unimplemented: Read as ‘0’
bit 9-0 AMSK9:AMSKO: Mask for Address Bit x Select bits

1 = Enable masking for bit x of incoming message address; bit match not required in this position
0 = Disable masking for bit x; bit match required in this position
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16.0 UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER
(UART)

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 21. UART” (DS39708).

The Universal Asynchronous Receiver Transmitter
(UART) module is one of the serial /O modules available
in the PIC24F device family. The UART is a full-duplex
asynchronous system that can communicate with
peripheral devices, such as personal computers, LIN,
RS-232 and RS-485 interfaces. The module also sup-
ports a hardware flow control option with the UxCTS and
UxRTS pins and also includes an IrDA® encoder and
decoder.

The primary features of the UART module are:

» Full-Duplex, 8 or 9-Bit data transmission through
the UxTX and UxRX pins

» Even, Odd or No Parity options (for 8-bit data)

* One or two Stop bits

» Hardware Flow Control option with UxCTS and
UxRTS pins

» Fully Integrated Baud Rate Generator with 16-Bit
Prescaler

» Baud Rates Ranging from 1 Mbps to 15 bps at
16 MIPS

* 4-Deep, First-In-First-Out (FIFO) Transmit Data
Buffer

» 4-Deep FIFO Receive Data Buffer
« Parity, Framing and Buffer Overrun Error Detection
» Support for 9-bit mode with Address Detect
(9th bit = 1)
* Transmit and Receive Interrupts
» Loopback mode for Diagnostic Support
» Support for Sync and Break Characters
» Supports Automatic Baud Rate Detection
» IrDA Encoder and Decoder Logic
» 16x Baud Clock Output for IrDA Support
A simplified block diagram of the UART is shown in
Figure 16-1. The UART module consists of these key
important hardware elements:
» Baud Rate Generator
» Asynchronous Transmitter
» Asynchronous Receiver

FIGURE 16-1: UART SIMPLIFIED BLOCK DIAGRAM
Baud Rate Generator
—— IrDA®

—® Hardware Flow Control

<] UxRTS/BCLKx
X] UxCTS

> UARTXx Receiver -

X UxRX

<] UxTX

—— UARTXx Transmitter

Note: The UART inputs and outputs must all be assigned to available RPn pins before use. Please see
Section 9.4 “Peripheral Pin Select” for more information.
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16.1 UART Baud Rate Generator (BRG)

The UART module includes a dedicated 16-bit Baud
Rate Generator. The UxBRG register controls the
period of a free-running, 16-bit timer. Equation 16-1
shows the formula for computation of the baud rate
with BRGH = 0.

EQUATION 16-1: UART BAUD RATE WITH

BRGH = 0(12)
Baud Rate = _ Fov
16 « (UXBRG + 1)
Fcy
UxBRG= —————1
x 16 * Baud Rate

Note 1: FcY denotes the instruction cycle clock
frequency (Fosc/2).
2: Based on Fcy = Fosc/2, Doze mode
and PLL are disabled.

Example 16-1 shows the calculation of the baud rate
error for the following conditions:

* FCcy =4 MHz

» Desired Baud Rate = 9600

The maximum baud rate (BRGH = 0) possible is
Fcy/16 (for UXBRG = 0) and the minimum baud rate
possible is FCY/(16 * 65536).

Equation 16-2 shows the formula for computation of
the baud rate with BRGH = 1.

EQUATION 16-2: UART BAUD RATE WITH

BRGH = 1(1:2)
Baud Rate = L
4+ (UXBRG + 1)
UxBRG = Fev

4+ Baud Rate

Note 1: Fcy denotes the instruction cycle clock
frequency.
2: Based on Fcy = Fosc/2, Doze mode
and PLL are disabled.

The maximum baud rate (BRGH = 1) possible is Fcy/4
(for UXBRG = 0) and the minimum baud rate possible
is Fcy/(4 * 65536).

Writing a new value to the UxBRG register causes the
BRG timer to be reset (cleared). This ensures the BRG
does not wait for a timer overflow before generating the
new baud rate.

EXAMPLE 16-1: BAUD RATE ERROR CALCULATION (BRGH = 0)(")

Desired Baud Rate = Fcy/(16 (UxBRG + 1))
Solving for UxBRG value:
UxBRG = ((Fcy/Desired Baud Rate)/16) — 1
UxBRG = ((4000000/9600)/16) — 1
UxBRG = 25
Calculated Baud Rate= 4000000/(16 (25 + 1))
= 9615
Error = (Calculated Baud Rate — Desired Baud Rate)
Desired Baud Rate
= (9615 -9600)/9600
= 0.16%
Note 1: Based on FCy = Fosc/2, Doze mode and PLL are disabled.
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16.2 Transmitting in 8-Bit Data Mode

1. Setup the UART:

a) Write appropriate values for data, parity and
Stop bits.

b) Write appropriate baud rate value to the
UxBRG register.

c) Setup transmit and receive interrupt enable
and priority bits.

2. Enable the UART.

3. Set the UTXEN bit (causes a transmit interrupt
two cycles after being set).

4. Write data byte to lower byte of UXTXREG word.
The value will be immediately transferred to the
Transmit Shift Register (TSR), and the serial bit
stream will start shifting out with next rising edge
of the baud clock.

5. Alternately, the data byte may be transferred
while UTXEN = 0, and then the user may set
UTXEN. This will cause the serial bit stream to
begin immediately because the baud clock will
start from a cleared state.

6. A transmit interrupt will be generated as per
interrupt control bit, UTXISELX.

16.3 Transmitting in 9-Bit Data Mode

1. Set up the UART (as described in Section 16.2
“Transmitting in 8-Bit Data Mode”).

Enable the UART.
Set the UTXEN bit (causes a transmit interrupt).
Write UXTXREG as a 16-bit value only.

A word write to UXTXREG triggers the transfer
of the 9-bit data to the TSR. Serial bit stream will
start shifting out with the first rising edge of the
baud clock.

6. A transmit interrupt will be generated as per the
setting of control bit, UTXISELXx.

IS

16.4 Break and Sync Transmit
Sequence

The following sequence will send a message frame

header made up of a Break, followed by an auto-baud

Sync byte.

1. Configure the UART for the desired mode.

2. Set UTXEN and UTXBRK to set up the Break
character.

3. Load the UXTXREG with a dummy character to
initiate transmission (value is ignored).

4. Write ‘55h’ to UXTXREG,; this loads the Sync
character into the transmit FIFO.

5. After the Break has been sent, the UTXBRK bit
is reset by hardware. The Sync character now
transmits.

16.5 Receiving in 8-Bit or 9-Bit Data
Mode

1. Set up the UART (as described in Section 16.2
“Transmitting in 8-Bit Data Mode”).

2. Enable the UART.

3. A receive interrupt will be generated when one
or more data characters have been received as
per interrupt control bit, URXISELXx.

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software.

5. Read UxRXREG.

The act of reading the UXRXREG character will move

the next character to the top of the receive FIFO,
including a new set of PERR and FERR values.

16.6 Operation of UXCTS and UxRTS
Control Pins

UARTx Clear to Send (UxCTS) and Request to Send
(UXRTS) are the two hardware controlled pins that are
associated with the UART module. These two pins
allow the UART to operate in Simplex and Flow Control
mode. They are implemented to control the transmis-
sion and reception between the Data Terminal
Equipment (DTE). The UEN1:UENO bits in the
UxMODE register configure these pins.

16.7 Infrared Support

The UART module provides two types of infrared UART
support: one is the IrDA clock output to support exter-
nal IrDA encoder and decoder device (legacy module
support), and the other is the full implementation of the
IrDA encoder and decoder. Note that because the IrDA
modes require a 16x baud clock, they will only work
when the BRGH bit (UXMODE<3>) is ‘0’.

16.7.1 IrDA CLOCK OUTPUT FOR
EXTERNAL IrDA SUPPORT

To support external IrDA encoder and decoder devices,
the BCLKx pin (same as the UxRTS pin) can be
configured to generate the 16x baud clock. With
UEN1:UENO = 11, the BCLKx pin will output the 16x
baud clock if the UART module is enabled. It can be
used to support the IrDA codec chip.

16.7.2 BUILT-IN IrDA ENCODER AND
DECODER

The UART has full implementation of the IrDA encoder
and decoder as part of the UART module. The built-in
IrDA encoder and decoder functionality is enabled
using the IREN bit (UXMODE<12>). When enabled
(IREN = 1), the receive pin (UxRX) acts as the input
from the infrared receiver. The transmit pin (UxTX) acts
as the output to the infrared transmitter.

© 2008 Microchip Technology Inc.
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REGISTER 16-1: UxMODE: UARTx MODE REGISTER

R/W-0 u-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
UARTEN() — uUsIDL IREN() RTSMD — UEN1 UENO
bit 15 bit 8
R/C-0, HC R/W-0 R/W-0, HC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WAKE LPBACK ABAUD RXINV BRGH PDSELA1 PDSELO STSEL
bit 7 bit 0
Legend: C = Clearable bit HC = Hardware Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 UARTEN: UARTX Enable bit(")
1 = UARTX is enabled; all UARTXx pins are controlled by UARTx as defined by UEN1:UENO
0 = UARTXx is disabled; all UARTXx pins are controlled by PORT latches; UARTx power consumption
minimal
bit 14 Unimplemented: Read as ‘0’
bit 13 USIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12 IREN: IrDA® Encoder and Decoder Enable bit(?)
1 = IrDA encoder and decoder enabled
0 = IrDA encoder and decoder disabled
bit 11 RTSMD: Mode Selection for UXRTS Pin bit
1 = UxRTS pin in Simplex mode
0 = UxXRTS pin in Flow Control mode
bit 10 Unimplemented: Read as ‘0’
bit 9-8 UEN1:UENO: UARTXx Enable bits
11 = UxTX, UxRX and BCLKXx pins are enabled and used; UxCTS pin controlled by PORT latches
10 = UxTX, UxRX, UxCTS and UxRTS pins are enabled and used
01 = UxTX, UxRX and UxRTS pins are enabled and used; UxCTS pin controlled by PORT latches
00 = UxTX and UxRX pins are enabled and used; UXCTS and UxRTS/BCLKXx pins controlled by PORT
latches
bit 7 WAKE: Wake-up on Start Bit Detect During Sleep Mode Enable bit
1 = UARTx will continue to sample the UxRX pin; interrupt generated on falling edge, bit cleared in
hardware on following rising edge
0 = No wake-up enabled
bit 6 LPBACK: UARTx Loopback Mode Select bit
1 = Enable Loopback mode
0 = Loopback mode is disabled
bit 5 ABAUD: Auto-Baud Enable bit

1 = Enable baud rate measurement on the next character — requires reception of a Sync field (55h);
cleared in hardware upon completion
0 = Baud rate measurement disabled or completed

Note 1: If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 9.4 “Peripheral Pin Select” for more information.

2: This feature is only available for the 16x BRG mode (BRGH = 0).
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REGISTER 16-1: UxMODE: UARTx MODE REGISTER (CONTINUED)

bit 4 RXINV: Receive Polarity Inversion bit
1 = UxRX Idle state is ‘0’
0 = UxRX Idle state is ‘1’
bit 3 BRGH: High Baud Rate Enable bit
1 = BRG generates 4 clocks per bit period (4x baud clock, High-Speed mode)
0 = BRG generates 16 clocks per bit period (16x baud clock, Standard mode)
bit 2-1 PDSEL1:PDSELO: Parity and Data Selection bits
11 = 9-bit data, no parity
10 = 8-bit data, odd parity
01 = 8-bit data, even parity
00 = 8-bit data, no parity
bit 0 STSEL: Stop Bit Selection bit
1 = Two Stop bits
0 = One Stop bit

Note 1: If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 9.4 “Peripheral Pin Select” for more information.

2: This feature is only available for the 16x BRG mode (BRGH = 0).
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REGISTER 16-2: UxSTA: UARTx STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 u-0 R/W-0 HC R/W-0 R-0 R-1
UTXISEL1 | UTXINV(Y | UTXISELO — UTXBRK UTXEN® UTXBF TRMT
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-1 R-0 R-0 R/C-0 R-0
URXISEL1 URXISELO ADDEN RIDLE PERR FERR OERR URXDA
bit 7 bit 0
Legend: C = Clearable bit HC = Hardware Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15,13 UTXISEL1:UTXISELO: Transmission Interrupt Mode Selection bits

11 = Reserved; do not use

10 = Interrupt when a character is transferred to the Transmit Shift Register (TSR) and as a result, the
transmit buffer becomes empty

01 = Interrupt when the last character is shifted out of the Transmit Shift Register; all transmit
operations are completed

00 = Interrupt when a character is transferred to the Transmit Shift Register (this implies there is at
least one character open in the transmit buffer)

bit 14 UTXINV: IrDA® Encoder Transmit Polarity Inversion bit(!)
IREN = 0:
1= UxTX Idle ‘0’
0 = UxTX Idle ‘1’
IREN = 1:
1= UxTX Idle ‘1’
0 = UxTX Idle ‘0’

bit 12 Unimplemented: Read as ‘0’

bit 11 UTXBRK: Transmit Break bit
1 = Send Sync Break on next transmission — Start bit, followed by twelve ‘0’ bits, followed by Stop bit;
cleared by hardware upon completion
0 = Sync Break transmission disabled or completed
bit 10 UTXEN: Transmit Enable bit(?)
1 = Transmit enabled, UxTX pin controlled by UARTx
0 = Transmit disabled, any pending transmission is aborted and buffer is reset. UXTX pin controlled by
PORT.
bit 9 UTXBF: Transmit Buffer Full Status bit (read-only)
1 = Transmit buffer is full
0 = Transmit buffer is not full, at least one more character can be written
bit 8 TRMT: Transmit Shift Register Empty bit (read-only)
1 = Transmit Shift Register is empty and transmit buffer is empty (the last transmission has completed)
0 = Transmit Shift Register is not empty, a transmission is in progress or queued
bit 7-6 URXISEL1:URXISELO: Receive Interrupt Mode Selection bits
11 = Interrupt is set on RSR transfer, making the receive buffer full (i.e., has 4 data characters)
10 = Interrupt is set on RSR transfer, making the receive buffer 3/4 full (i.e., has 3 data characters)

0x = Interruptis set when any character is received and transferred from the RSR to the receive buffer.
Receive buffer has one or more characters.

Note 1: Value of bit only affects the transmit properties of the module when the IrDA encoder is enabled (IREN = 1).

2: If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 9.4 “Peripheral Pin Select” for more information.
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REGISTER 16-2: UxSTA: UARTx STATUS AND CONTROL REGISTER (CONTINUED)

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

ADDEN: Address Character Detect bit (bit 8 of received data = 1)

1 = Address Detect mode enabled. If 9-bit mode is not selected, this does not take effect.

0 = Address Detect mode disabled

RIDLE: Receiver Idle bit (read-only)

1 = Receiver is Idle

0 = Receiver is active

PERR: Parity Error Status bit (read-only)

1 = Parity error has been detected for the current character (character at the top of the receive FIFO)
0 = Parity error has not been detected

FERR: Framing Error Status bit (read-only)

1 = Framing error has been detected for the current character (character at the top of the receive FIFO)
0 = Framing error has not been detected

OERR: Receive Buffer Overrun Error Status bit (clear/read-only)

1 = Receive buffer has overflowed
0 = Receive buffer has not overflowed (clearing a previously set OERR bit (1 — 0 transition) will reset
the receiver buffer and the RSR to the empty state

URXDA: Receive Buffer Data Available bit (read-only)

1 = Receive buffer has data, at least one more character can be read
0 = Receive buffer is empty

Value of bit only affects the transmit properties of the module when the IrDA encoder is enabled (IREN = 1).

If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 9.4 “Peripheral Pin Select” for more information.

© 2008 Microchip Technology Inc. Preliminary DS39905B-page 185



PIC24FJ256GA110 FAMILY

NOTES:
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17.0 PARALLEL MASTER PORT Key features of the PMP module include:
(PMP) + Up to 16 Programmable Address Lines
» Up to 2 Chip Select Lines
* Programmable Strobe Options:
- Individual Read and Write Strobes or;

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference

source. For more information, refer to the - Read/Write Strobe with Enable Strobe
“PIC24F Family Reference Manual’, « Address Auto-Increment/Auto-Decrement
“Section 13. Parallel Master Port « Programmable Address/Data Multiplexing
(PMP)” (DS39713). * Programmable Polarity on Control Signals

The Parallel Master Port (PMP) module is a parallel * Legacy Parallel Slave Port Support

8-bit I/0 module, specifically designed to communicate » Enhanced Parallel Slave Support:

with a wide variety of parallel devices, such as commu- - Address Support

nlcatlo.n peripherals, LCDs, externgl memory devices - 4-Byte Deep Auto-Incrementing Buffer
and microcontrollers. Because the interface to parallel )

peripherals varies significantly, the PMP is highly + Programmable Wait States
configurable. + Selectable Input Voltage Levels

FIGURE 17-1: PMP MODULE OVERVIEW

Address Bus —
Data Bus —

Control Lines E—

PMA<0>

PIC24F PMALL

Parallel Master Port
PMA<1>
PMALH

Up to 16-Bit Address
PMA<13:2> $»| EEPROM

PMA<14>
PMCS1 4

PMA<15>
PMCS2

PMBE

FIFO

PMRD Microcontroller LCD Buffer

PMRD/PMWR

PMWR
PMENB

b o

PMD<7:0>

X PNA<TO> g A A

PMA<15:8> 8-Bit Data
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REGISTER 17-1: PMCON: PARALLEL MASTER PORT CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMPEN — PSIDL ADRMUX1 ADRMUXO0 PTBEEN PTWREN PTRDEN
bit 15 bit 8
R/W-0 R/W-0 R/w-0(" R/w-0(" R/w-0(" R/W-0 R/W-0 R/W-0
CSF1 CSFO ALP CS2P CS1P BEP WRSP RDSP
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 15 PMPEN: Parallel Master Port Enable bit

1 = PMP enabled
0 = PMP disabled, no off-chip access performed
bit 14 Unimplemented: Read as ‘0’
bit 13 PSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-11 ADRMUX1:ADRMUXO0: Address/Data Multiplexing Selection bits
11 = Reserved
10 = All 16 bits of address are multiplexed on PMD<7:0> pins
01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins, upper 3 bits are multiplexed on

PMA<10:8>
00 = Address and data appear on separate pins
bit 10 PTBEEN: Byte Enable Port Enable bit (16-Bit Master mode)

1 = PMBE port enabled
0 = PMBE port disabled
bit 9 PTWREN: Write Enable Strobe Port Enable bit
1 = PMWR/PMENB port enabled
0 = PMWR/PMENB port disabled
bit 8 PTRDEN: Read/Write Strobe Port Enable bit
1 = PMRD/PMWR port enabled
0 = PMRD/PMWR port disabled
bit 7-6 CSF1:CSFO0: Chip Select Function bits
11 = Reserved
10 = PMCS1 functions as chip set
01 = Reserved
00 = Reserved
bit 5 ALP: Address Latch Polarity bit(!)
1 = Active-high (PMALL and PMALH)
0 = Active-low (PMALL and PMALH)
bit 4 CS2P: Chip Select 2 Polarity bit(")
1 = Active-high (PMCS2/PMCS2)
0 = Active-low (PMCS2/PMCS2)
bit 3 CS1P: Chip Select 1 Polarity bit(")

1 = Active-high (PMCS1/PMCS1)
0 = Active-low (PMCS1/PMCS1)

Note 1: These bits have no effect when their corresponding pins are used as address lines.
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REGISTER 17-1: PMCON: PARALLEL MASTER PORT CONTROL REGISTER (CONTINUED)

bit 2 BEP: Byte Enable Polarity bit

1 = Byte enable active-high (PMBE)
0 = Byte enable active-low (PMBE)
bit 1 WRSP: Write Strobe Polarity bit
For Slave modes and Master mode 2 (PMMODE<9:8> = 00, 01, 10):
1 = Write strobe active-high (PMWR)
0 = Write strobe active-low (PMWR)
For Master mode 1 (PMMODE<9:8>=11):
1 = Enable strobe active-high (PMENB)
0 = Enable strobe active-low (PMENB)
bit 0 RDSP: Read Strobe Polarity bit
For Slave modes and Master mode 2 (PMMODE<9:8> = 00, 01, 10):
1 = Read strobe active-high (PMRD)
0 = Read strobe active-low (PMRD)
For Master mode 1 (PMMODE<9:8>=11):
1 = Read/write strobe active-high (PMRD/PMWR)
0 = Read/write strobe active-low (PMRD/PMWR)

Note 1: These bits have no effect when their corresponding pins are used as address lines.
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REGISTER 17-2: PMMODE: PARALLEL MASTER PORT MODE REGISTER

R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUSY IRQM1 IRQMO INCM1 INCMO MODE16 MODE"1 MODEO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wAITB1M | wairBo™ |  WAITM3 WAITM2 WAITM1 WAITMO | WAITE1™M | wAITEO™
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 15 BUSY: Busy bit (Master mode only)

1 = Port is busy (not useful when the processor stall is active)
0 = Portis not busy
bit 14-13 IRQM1:IRQMO: Interrupt Request Mode bits
11 = Interrupt generated when Read Buffer 3 is read or Write Buffer 3 is written (Buffered PSP mode)
or on a read or write operation when PMA<1:0> = 11 (Addressable PSP mode only)
10 = No interrupt generated, processor stall activated
01 = Interrupt generated at the end of the read/write cycle
00 = No interrupt generated
bit 12-11 INCM1:INCMO: Increment Mode bits
11 = PSP read and write buffers auto-increment (Legacy PSP mode only)
10 = Decrement ADDR<10:0> by 1 every read/write cycle
01 = Increment ADDR<10:0> by 1 every read/write cycle
00 = No increment or decrement of address
bit 10 MODE16: 8/16-Bit Mode bit
1 = 16-bit mode: Data register is 16 bits, a read or write to the Data register invokes two 8-bit transfers
0 = 8-bit mode: Data register is 8 bits, a read or write to the Data register invokes one 8-bit transfer
bit 9-8 MODE1:MODEO: Parallel Port Mode Select bits
11 = Master mode 1 (PMCS1, PMRD/PMWR, PMENB, PMBE, PMA<x:0> and PMD<7:0>)
10 = Master mode 2 (PMCS1, PMRD, PMWR, PMBE, PMA<x:0> and PMD<7:0>)
01 = Enhanced PSP, control signals (PMRD, PMWR, PMCS1, PMD<7:0> and PMA<1:0>)
00 = Legacy Parallel Slave Port, control signals (PMRD, PMWR, PMCS1 and PMD<7:0>)
bit 7-6 WAITB1:WAITBO: Data Setup to Read/Write Wait State Configuration bits(!)
11 = Data wait of 4 Tcy; multiplexed address phase of 4 Tcy
10 = Data wait of 3 TcY; multiplexed address phase of 3 Tcy
01 = Data wait of 2 Tcy; multiplexed address phase of 2 Tcy
00 = Data wait of 1 Tcy; multiplexed address phase of 1 Tcy
bit 5-2 WAITM3:WAITMO: Read to Byte Enable Strobe Wait State Configuration bits
1111 = Wait of additional 15 Tcy

0001 = Wait of additional 1 Tcy
0000 = No additional wait cycles (operation forced into one Tcy)@)
bit 1-0 WAITE1:WAITEOQ: Data Hold After Strobe Wait State Configuration bits(")

11 = Waitof 4 Tcy
10 = Wait of 3 Tcy
01 = Wait of 2 Tcy
00 = Wait of 1 Tcy

Note 1: WAITB and WAITE bits are ignored whenever WAITM3:WAITMO = 0000.
2: Asingle cycle delay is required between consecutive read and/or write operations.
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REGISTER 17-3: PMADDR: PARALLEL MASTER PORT ADDRESS REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CS2 CSs1 ADDR<13:8>

bit 15 bit 8

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADDR<7:0>

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 15 CS2: Chip Select 2 bit

1 = Chip select 2 is active
0 = Chip select 2 is inactive

bit 14 CS1: Chip Select 1 bit

1 = Chip select 1 is active
0 = Chip select 1 is inactive

bit 13-0 ADDR13:ADDRO: Parallel Port Destination Address bits

REGISTER 17-4: PMAEN: PARALLEL MASTER PORT ENABLE REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTEN15 PTEN14 PTEN13 PTEN12 PTEN11 PTEN10 PTEN9 PTENS8
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTEN7 PTENG6 PTEN5 PTEN4 PTEN3 PTEN2 PTEN1 PTENO
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 15-14 PTEN15:PTEN14: PMCSx Strobe Enable bit
1 = PMA15 and PMA14 function as either PMA<15:14> or PMCS2 and PMCS1
0 = PMA15 and PMA14 function as port I/O
bit 13-2 PTEN13:PTEN2: PMP Address Port Enable bits
1 = PMA<13:2> function as PMP address lines
0 = PMA<13:2> function as port I/O
bit 1-0 PTEN1:PTENO: PMALH/PMALL Strobe Enable bits

1 = PMA1 and PMAO function as either PMA<1:0> or PMALH and PMALL
0 = PMA1 and PMAO pads functions as port I/O

© 2008 Microchip Technology Inc. Preliminary DS39905B-page 191



PIC24FJ256GA110 FAMILY

REGISTER 17-5: PMSTAT: PARALLEL MASTER PORT STATUS REGISTER

R-0 R/W-0, HS u-0 uU-0 R-0 R-0 R-0 R-0
IBF IBOV — — IB3F IB2F IB1F IBOF
bit 15 bit 8
R-1 R/W-0, HS uU-0 u-0 R-1 R-1 R-1 R-1
OBE OBUF — — OB3E OB2E OB1E OBOE
bit 7 bit 0
Legend: HS = Hardware Set bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 IBF: Input Buffer Full Status bit
1 = All writable input buffer registers are full
0 = Some or all of the writable input buffer registers are empty
bit 14 IBOV: Input Buffer Overflow Status bit
1 = A write attempt to a full input byte register occurred (must be cleared in software)
0 = No overflow occurred
bit 13-12 Unimplemented: Read as ‘0’
bit 11-8 IB3F:IBOF Input Buffer x Status Full bits
1 = Input buffer contains data that has not been read (reading buffer will clear this bit)
0 = Input buffer does not contain any unread data
bit 7 OBE: Output Buffer Empty Status bit
1 = All readable output buffer registers are empty
0 = Some or all of the readable output buffer registers are full
bit 6 OBUF: Output Buffer Underflow Status bits
1 = Aread occurred from an empty output byte register (must be cleared in software)
0 = No underflow occurred
bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 OB3E:OBOE Output Buffer x Status Empty bit

1 = Output buffer is empty (writing data to the buffer will clear this bit)
0 = Output buffer contains data that has not been transmitted
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REGISTER 17-6: PADCFG1: PAD CONFIGURATION CONTROL REGISTER

U-0 u-0 u-0 u-0 u-0 u-0 U-0 U-0
bit 15 bit 8
U-0 u-0 u-0 u-0 u-0 u-0 R/W-0 R/W-0
— — — — — — RTSECSEL(M| PMPTTL
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 15-2 Unimplemented: Read as ‘0’
bit 1 RTSECSEL: RTCC Seconds Clock Output Select bit(1)

1 = RTCC seconds clock is selected for the RTCC pin
0 = RTCC alarm pulse is selected for the RTCC pin

bit 0 PMPTTL: PMP Module TTL Input Buffer Select bit

1 = PMP module inputs (PMDx, PMCS1) use TTL input buffers
0 = PMP module inputs use Schmitt Trigger input buffers

Note 1: To enable the actual RTCC output, the RTCOE (RCFGCAL<10>)) bit must also be set.

© 2008 Microchip Technology Inc. Preliminary DS39905B-page 193



PIC24FJ256GA110 FAMILY

FIGURE 17-2: LEGACY PARALLEL SLAVE PORT EXAMPLE
Master PIC24F Slave Address Bus  mem—
Data Bus —
PMD<7:0> | P PMD<7:0> Control Lines ~ ———
PMCS1 > PMCS1
BVIRD > PMRD
PMWR > PMWR
FIGURE 17-3: ADDRESSABLE PARALLEL SLAVE PORT EXAMPLE
Master PMA<1:0> PIC24F Slave
PMA<1:0> > v v
PMD<7:0> Write Read
PMD<7:0> | Address Address
Decode Decode
<= PMDOUTIL (0) PMDIN1L (0)
PMCS1 > PMCS1 <= PMDOUT1H (1) PMDIN1H (1)
EIVED) » PMRD <~ PMDOUT2L (2) PMDINZ2L (2)
PMWR > PMWR €+ PMDOUT2H (3) PMDIN2H (3)
Address Bus _
Data Bus —
Control Lines e
TABLE 17-1: SLAVE MODE ADDRESS RESOLUTION
PMA<1:0> Output Register (Buffer) Input Register (Buffer)
00 PMDOUT1<7:0> (0) PMDIN1<7:0> (0)
01 PMDOUT1<15:8> (1) PMDIN1<15:8> (1)
10 PMDOUT2<7:0> (2) PMDIN2<7:0> (2)
11 PMDOUT2<15:8> (3) PMDIN2<15:8> (3)
FIGURE 17-4: MASTER MODE, DEMULTIPLEXED ADDRESSING (SEPARATE READ AND

WRITE STROBES, TWO CHIP SELECTS)

PIC24F

—}% PMA<13:0>
HE PMD<7:0>
—

—
— X
— X

PMCS1

PMCS2

PMRD

PMWR

Address Bus
Data Bus
Control Lines
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Control Lines
PMWR

FIGURE 17-5: MASTER MODE, PARTIALLY MULTIPLEXED ADDRESSING (SEPARATE READ
AND WRITE STROBES, TWO CHIP SELECTS)

PIC24F — <] Pua<ize>
< vacros
4@ PMCS1
4|Z| PMCS2 Address Bus —
4@ PMALL Multiplexed ——

Data and

4@ PMRD Address Bus

FIGURE 17-6: MASTER MODE, FULLY MULTIPLEXED ADDRESSING (SEPARATE READ AND
WRITE STROBES, TWO CHIP SELECTS)
PIC24F —>[X] ot
4& PMCSH1
4& PMCS2
4@ PMALL
4|X| PMALH Multiplexed —
Data and
EZ PMRD Address Bus
4|X| PMWR Control Lines
FIGURE 17-7: EXAMPLE OF A MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> | P 373 AT O > A<15:0>
PMALL D<7:0>
< : iy D<7:0>
CE
A<15:8
ﬁ 373 = > ﬁ m
PMALH A I
PMCS1 Address Bus —
PMRD Data Bus ——
PMWR Control Lines —
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FIGURE 17-8: EXAMPLE OF A PARTIALLY MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> | 7y P 373 LATOP 'y P A<10:0>
PMALL I D<7:0>
- P D<7:0>
PMA<10:8> 21082 |—> CE
PMCS1 OE  WR| Address Bus —
PMRD * A Data Bus —
PMWR Control Lines _—
FIGURE 17-9: EXAMPLE OF AN 8-BIT MULTIPLEXED ADDRESS AND DATA APPLICATION
PIC24F Parallel Peripheral
PMD<7:0> |l | AD<7:0>
PMALL > ALE
PMCS1 » C__S Address Bus —
PMRD L E Data Bus ——
PMWR > WR Control Lines _—
FIGURE 17-10: PARALLEL EEPROM EXAMPLE (UP TO 15-BIT ADDRESS, 8-BIT DATA)
PIC24F Parallel EEPROM
PMA<n:0> P A<n:0>
PMD<7:0> | el | D<7:0>
PMCS1 »(CE Address B
m - E ress bus —
BMWR - 7R Data Bus —
Control Lines E—
FIGURE 17-11: PARALLEL EEPROM EXAMPLE (UP TO 15-BIT ADDRESS, 16-BIT DATA)
PIC24F Parallel EEPROM
PMA<n:0> P A<n:1>
PMD<7:0> | el | D<7:0>
PMBE > AQ
Pﬁ > % Address Bus —
PMRD » OE
- R Data Bus —
PMWR > \WR
Control Lines e
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FIGURE 17-12: LCD CONTROL EXAMPLE (BYTE MODE OPERATION)

PIC24F LCD Controller
PM<7:0> | P D<7:0>
PMAO »| RS
PMRD/PMWR »| R/IW
PMCST > E Address Bus —
Data Bus —

Control Lines E—
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NOTES:
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18.0 REAL-TIME CLOCK AND
CALENDAR (RTCC)

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 29. Real-Time Clock and
Calendar (RTCC)” (DS39696).

FIGURE 18-1: RTCC BLOCK DIAGRAM

RTCC Clock Domain - CPU Clock Domain

32.768 kHz Input | | RCFGCAL

from SOSC Oscillator
RTCC Prescalers ALCEGRPT

Repeat Counter H |

I |
—— RTCC Interrupt

| Alarm Pulse ™~ @

RTCC Pin

- RTCC Interrupt Logic

I
| s
| 05e | | YEAR
\ B
I || I MTHDY
RTCC Timer RTCVAL <)
I | I WKDYHR
Alarm
| Event [ I MINSEC
!
| | I ~
| 4 L | ALMTHDY
| [ e gy | AvAL e { [
| | A | ALMINSEC
I
I
I
I
I

RTCOE
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18.1 RTCC Module Registers

The RTCC module registers are organized into three
categories:

* RTCC Control Registers
* RTCC Value Registers
» Alarm Value Registers

18.1.1 REGISTER MAPPING

To limit the register interface, the RTCC Timer and
Alarm Time registers are accessed through corre-
sponding register pointers. The RTCC Value register
window (RTCVALH and RTCVALL) uses the RTCPTR
bits (RCFGCAL<9:8>) to select the desired Timer
register pair (see Table 18-1).

By writing the RTCVALH byte, the RTCC Pointer value,
RTCPTR<1:0> bits, decrement by one until they reach
‘00’. Once they reach ‘00’, the MINUTES and SEC-
ONDS value will be accessible through RTCVALH and
RTCVALL until the pointer value is manually changed.

TABLE 18-1: RTCVAL REGISTER MAPPING
RTCPTR RTCC Value Register Window
<1:0> RTCVAL<15:8> | RTCVAL<7:0>
00 MINUTES SECONDS
01 WEEKDAY HOURS
10 MONTH DAY
11 — YEAR

The Alarm Value register window (ALRMVALH and
ALRMVALL) uses the ALRMPTR bits
(ALCFGRPT<9:8>) to select the desired Alarm register
pair (see Table 18-2).

By writing the ALRMVALH byte, the Alarm Pointer
value, ALRMPTR<1:0> bits, decrement by one until
they reach ‘00’. Once they reach ‘00’, the ALRMMIN
and ALRMSEC value will be accessible through
ALRMVALH and ALRMVALL until the pointer value is
manually changed.

EXAMPLE 18-1:

TABLE 18-2: ALRMVAL REGISTER
MAPPING
ALRMPTR Alarm Value Register Window
<1:0> | ALRMVAL<15:8> | ALRMVAL<7:0>

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

Considering that the 16-bit core does not distinguish
between 8-bit and 16-bit read operations, the user must
be aware that when reading either the ALRMVALH or
ALRMVALL bytes will decrement the ALRMPTR<1:0>
value. The same applies to the RTCVALH or RTCVALL
bytes with the RTCPTR<1:0> being decremented.

Note: This only applies to read operations and
not write operations.

18.1.2 WRITE LOCK

In order to perform a write to any of the RTCC Timer
registers, the RTCWREN bit (RCFGCAL<13>) must be
set (refer to Example 18-1).

Note: To avoid accidental writes to the timer, it is
recommended that the RTCWREN bit
(RCFGCAL<13>) is kept clear at any
other time. For the RTCWREN bit to be
set, there is only 1 instruction cycle time
window allowed between the unlock
sequence and the setting of RTCWREN;
therefore, it is recommended that code
follow the procedure in Example 18-1.
For applications written in C, the unlock
sequence should be implemented using
in-line assembly.

SETTING THE RTCWREN BIT

asm volatile("disi #5");

asm volatile ("mov #0x55, w7");

asm volatile("mov w7, NVMKEY");
asm volatile ("mov #0xAA, w8");

asm volatile("mov w8, NVMKEY");
asm volatile("bset RCFGCAL, #13");

//set the RTCWREN bit
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18.1.3 RTCC

REGISTER 18-1:

CONTROL REGISTERS

RCFGCAL: RTCC CALIBRATION AND CONFIGURATION REGISTER("

R/W-0 u-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0
RTCEN(? — RTCWREN | RTCSYNC | HALFSEC® | RTCOE RTCPTR1 | RTCPTRO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CALO
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 15

bit 14
bit 13

bit 12

bit 11

bit 10

bit 9-8

Note 1:

RTCEN: RTCC Enable bit(?)

1 = RTCC module is enabled

0 = RTCC module is disabled

Unimplemented: Read as ‘0’

RTCWREN: RTCC Value Registers Write Enable bit

1 = RTCVALH and RTCVALL registers can be written to by the user

0 = RTCVALH and RTCVALL registers are locked out from being written to by the user

RTCSYNC: RTCC Value Registers Read Synchronization bit

1 = RTCVALH, RTCVALL and ALCFGRPT registers can change while reading due to a rollover ripple
resulting in an invalid data read. If the register is read twice and results in the same data, the data
can be assumed to be valid.

0 = RTCVALH, RTCVALL or ALCFGRPT registers can be read without concern over a rollover ripple

HALFSEC: Half-Second Status bit®)

1 = Second half period of a second

0 = First half period of a second

RTCOE: RTCC Output Enable bit

1 = RTCC output enabled

0 = RTCC output disabled

RTCPTR1:RTCPTRO: RTCC Value Register Window Pointer bits

Points to the corresponding RTCC Value registers when reading RTCVALH and RTCVALL registers;

the RTCPTR<1:0> value decrements on every read or write of RTCVALH until it reaches ‘00’.

RTCVAL<15:8>:

00 = MINUTES

01 = WEEKDAY

10 = MONTH

11 = Reserved

RTCVAL<7:0>:

00 = SECONDS
01 =HOURS
10 = DAY

11 = YEAR

The RCFGCAL register is only affected by a POR.

2: A write to the RTCEN bit is only allowed when RTCWREN = 1.
3: This bit is read-only. It is cleared to ‘0’ on a write to the lower half of the MINSEC register.
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REGISTER 18-1: RCFGCAL: RTCC CALIBRATION AND CONFIGURATION REGISTER!") (CONTINUED)

bit 7-0 CAL7:CALO: RTC Drift Calibration bits
01111111 = Maximum positive adjustment; adds 508 RTC clock pulses every one minute

01111111 = Minimum positive adjustment; adds 4 RTC clock pulses every one minute
00000000 = No adjustment
11111111 = Minimum negative adjustment; subtracts 4 RTC clock pulses every one minute

10000000 = Maximum negative adjustment; subtracts 512 RTC clock pulses every one minute

Note 1: The RCFGCAL register is only affected by a POR.
2: A write to the RTCEN bit is only allowed when RTCWREN = 1.
3: This bit is read-only. It is cleared to ‘0’ on a write to the lower half of the MINSEC register.

REGISTER 18-2: PADCFG1: PAD CONFIGURATION CONTROL REGISTER

U-0 U-0 U-0 u-0 uU-0 uU-0 u-0 U-0
bit 15 bit 8
uU-0 uU-0 uU-0 u-0 uU-0 uU-0 R/W-0 R/W-0
— — — — — — RTSECSEL™ | PMPTTL
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 15-2 Unimplemented: Read as ‘0’
bit 1 RTSECSEL: RTCC Seconds Clock Output Select bit("

1 = RTCC seconds clock is selected for the RTCC pin
0 = RTCC alarm pulse is selected for the RTCC pin

bit 0 PMPTTL: PMP Module TTL Input Buffer Select bit

1 = PMP module inputs (PMDx, PMCS1) use TTL input buffers
0 = PMP module inputs use Schmitt Trigger input buffers

Note 1: To enable the actual RTCC output, the RTCOE (RCFGCAL<10>)) bit must also be set.
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REGISTER 18-3: = ALCFGRPT: ALARM CONFIGURATION REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ALRMEN CHIME AMASK3 AMASK2 AMASK1 AMASKO | ALRMPTR1 | ALRMPTRO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO
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 15 ALRMEN: Alarm Enable bit
1 = Alarm is enabled (cleared automatically after an alarm event whenever ARPT<7:0> = 00h and
CHIME = 0)
0 = Alarm is disabled
bit 14 CHIME: Chime Enable bit

1 = Chime is enabled; ARPT<7:0> bits are allowed to roll over from 00h to FFh
0 = Chime is disabled; ARPT<7:0> bits stop once they reach 00h

bit 13-10 AMASK3:AMASKO: Alarm Mask Configuration bits

0000 = Every half second
0001 = Every second

0010 = Every 10 seconds
0011 = Every minute

0100 = Every 10 minutes
0101 = Every hour

0110 = Once a day

0111 = Once a week

1000 = Once a month

1001 = Once a year (except when configured for February 29th, once every 4 years)
101x = Reserved — do not use
11xx = Reserved —do not use

bit 9-8 ALRMPTR1:ALRMPTRO: Alarm Value Register Window Pointer bits
Points to the corresponding Alarm Value registers when reading ALRMVALH and ALRMVALL registers;
the ALRMPTR<1:0> value decrements on every read or write of ALRMVALH until it reaches ‘00’.
ALRMVAL<15:8>:
00 = ALRMMIN
01 = ALRMWD
10 = ALRMMNTH
11 = Unimplemented
ALRMVAL<7:0>:
00 = ALRMSEC
01 = ALRMHR
10 = ALRMDAY
11 = Unimplemented

bit 7-0 ARPT7:ARPTO: Alarm Repeat Counter Value bits
11111111 = Alarm will repeat 255 more times

00000000 = Alarm will not repeat
The counter decrements on any alarm event. The counter is prevented from rolling over from 00h to
FFh unless CHIME = 1.
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18.1.4 RTCVAL REGISTER MAPPINGS

REGISTER 18-4: YEAR: YEAR VALUE REGISTER("

uU-0 uU-0 uU-0 U-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
YRTEN3 YRTEN2 YRTEN1 YRTENO YRONE3 YRONE2 YRONE1 YRONEO
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 15-8 Unimplemented: Read as ‘0’
bit 7-4 YRTEN3:YRTENO: Binary Coded Decimal Value of Year’s Tens Digit; Contains a value from 0 to 9
bit 3-0 YRONES3:YRONEQO: Binary Coded Decimal Value of Year’s Ones Digit; Contains a value from 0 to 9

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

REGISTER18-5: MTHDY: MONTH AND DAY VALUE REGISTER("

u-0 U-0 U-0 R-x R-x R-x R-x R-x

— — — MTHTENO MTHONE3 MTHONE2 MTHONE1 MTHONEO
bit 15 bit 8

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

— — DAYTEN1 DAYTENO DAYONE3 DAYONE2 DAYONE1 DAYONEO
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 15-13 Unimplemented: Read as ‘0’

bit 12 MTHTENO: Binary Coded Decimal Value of Month’s Tens Digit; Contains a value of 0 or 1

bit 11-8 MTHONE3:MTHONEQ: Binary Coded Decimal Value of Month’s Ones Digit; Contains a value from 0 to 9
bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 DAYTEN1:DAYTENO: Binary Coded Decimal Value of Day’s Tens Digit; Contains a value from 0 to 3

bit 3-0 DAYONE3:DAYONEQ: Binary Coded Decimal Value of Day’s Ones Digit; Contains a value from 0 to 9

Note 1: A write to this register is only allowed when RTCWREN = 1.
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REGISTER 18-6: WKDYHR: WEEKDAY AND HOURS VALUE REGISTER(")

u-0 u-0 uU-0 u-0 uU-0 R/W-x R/W-x R/W-x
— — — — — WDAY2 WDAY1 WDAY0
bit 15 bit 8
u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — HRTEN1 HRTENO HRONE3 HRONE2 HRONE1 HRONEO
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 15-11 Unimplemented: Read as ‘0’
bit 10-8 WDAY2:WDAYO: Binary Coded Decimal Value of Weekday Digit; Contains a value from 0 to 6
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 HRTEN1:HRTENO: Binary Coded Decimal Value of Hour’s Tens Digit; Contains a value from 0 to 2
bit 3-0 HRONE3:HRONEQO: Binary Coded Decimal Value of Hour’s Ones Digit; Contains a value from 0 to 9

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

REGISTER 18-7:  MINSEC: MINUTES AND SECONDS VALUE REGISTER

uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— MINTEN2 MINTENA1 MINTENO MINONES3 MINONE2 MINONE1 MINONEO
bit 15 bit 8
uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— SECTEN2 SECTENT1 SECTENO | SECONE3 | SECONE2 | SECONE1 | SECONEO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 MINTEN2:MINTENO: Binary Coded Decimal Value of Minute’s Tens Digit; Contains a value from 0 to 5
bit 11-8 MINONE3:MINONEQ: Binary Coded Decimal Value of Minute’s Ones Digit; Contains a value from 0 to 9
bit 7 Unimplemented: Read as ‘0’
bit 6-4 SECTEN2:SECTENO: Binary Coded Decimal Value of Second’s Tens Digit; Contains a value from 0 to 5
bit 3-0 SECONE3:SECONEQ: Binary Coded Decimal Value of Second’s Ones Digit; Contains a value from 0 to 9
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18.1.5 ALRMVAL REGISTER MAPPINGS

REGISTER 18-8: ALMTHDY: ALARM MONTH AND DAY VALUE REGISTER(")

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

— — — MTHTENO MTHONE3 MTHONE2 MTHONE1 MTHONEO
bit 15 bit 8

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

— — DAYTEN1 DAYTENO DAYONE3 DAYONEZ2 DAYONE1 DAYONEO
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 15-13 Unimplemented: Read as ‘0’

bit 12 MTHTENO: Binary Coded Decimal Value of Month’s Tens Digit; Contains a value of 0 or 1

bit 11-8 MTHONE3:MTHONEQ: Binary Coded Decimal Value of Month’s Ones Digit; Contains a value from 0 to 9
bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 DAYTEN1:DAYTENO: Binary Coded Decimal Value of Day’s Tens Digit; Contains a value from 0 to 3

bit 3-0 DAYONE3:DAYONEQ: Binary Coded Decimal Value of Day’s Ones Digit; Contains a value from 0 to 9

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

REGISTER 18-9: ALWDHR: ALARM WEEKDAY AND HOURS VALUE REGISTER!")

u-0 u-0 uU-0 uU-0 uU-0 R/W-x R/W-x R/W-x
— — — — — WDAY2 WDAY1 WDAY0
bit 15 bit 8
u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — HRTEN1 HRTENO HRONE3 HRONE2 HRONE1 HRONEO
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 15-11 Unimplemented: Read as ‘0’
bit 10-8 WDAY2:WDAYO: Binary Coded Decimal Value of Weekday Digit; Contains a value from 0 to 6
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 HRTEN1:HRTENO: Binary Coded Decimal Value of Hour’s Tens Digit; Contains a value from 0 to 2
bit 3-0 HRONE3:HRONEQO: Binary Coded Decimal Value of Hour’s Ones Digit; Contains a value from 0 to 9

Note 1: A write to this register is only allowed when RTCWREN = 1.
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REGISTER 18-10:

ALMINSEC: ALARM MINUTES AND SECONDS VALUE REGISTER

u-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— MINTEN2 MINTEN1 MINTENO MINONE3 MINONE2 MINONE"1 MINONEO
bit 15 bit 8

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

— SECTEN2 SECTEN1 SECTENO SECONE3 | SECONE2 | SECONE1 SECONEO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14-12
bit 11-8
bit 7

bit 6-4
bit 3-0

Unimplemented: Read as ‘0’

Unimplemented: Read as ‘0’

18.2 Calibration

The real-time crystal input can be calibrated using the
periodic auto-adjust feature. When properly calibrated,
the RTCC can provide an error of less than 3 seconds
per month. This is accomplished by finding the number
of error clock pulses for one minute and storing the
value into the lower half of the RCFGCAL register. The
8-bit signed value loaded into the lower half of

RCFGCAL is multiplied by four and will be either added

or subtracted from the RTCC timer, once every minute.

Refer to the steps below for RTCC calibration:

1. Using another timer resource on the device, the
user must find the error of the 32.768 kHz
crystal.

2. Once the error is known, it must be converted to
the number of error clock pulses per minute and
loaded into the RCFGCAL register.

EQUATION 18-1: RTCC CALIBRATION

Error (Clocks per Minute) = (Ideal Frequencyt —
Measured Frequency) * 60 = Clocks per Minute

1 Ideal frequency = 32,768 Hz

MINTEN2:MINTENO: Binary Coded Decimal Value of Minute’s Tens Digit; Contains a value from 0 to 5
MINONE3:MINONEQ: Binary Coded Decimal Value of Minute’s Ones Digit; Contains a value from 0 to 9

SECTEN2:SECTENO: Binary Coded Decimal Value of Second’s Tens Digit; Contains a value from 0 to 5
SECONE3:SECONEQ: Binary Coded Decimal Value of Second’s Ones Digit; Contains a value from 0 to 9

3. a) If the oscillator is faster then ideal (negative
result form step 2), the RCFGCAL register value
needs to be negative. This causes the specified
number of clock pulses to be subtracted from
the timer counter once every minute.

b) If the oscillator is slower then ideal (positive
result from step 2) the RCFGCAL register value
needs to be positive. This causes the specified
number of clock pulses to be subtracted from
the timer counter once every minute.

4. Divide the number of error clocks per minute by
4 to get the correct CAL value and load the
RCFGCAL register with the correct value.

(Each 1-bit increment in CAL adds or subtracts
4 pulses).

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

Note: It is up to the user to include in the error
value the initial error of the crystal, drift
due to temperature and drift due to crystal

aging.
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18.3 Alarm

» Configurable from half second to one year

* Enabled using the ALRMEN bit
(ALCFGRPT<15>, Register 18-3)

* One-time alarm and repeat alarm options
available

18.3.1 CONFIGURING THE ALARM

The alarm feature is enabled using the ALRMEN bit.
This bit is cleared when an alarm is issued. Writes to
ALRMVAL should only take place when ALRMEN = 0.

As shown in Figure 18-2, the interval selection of the
alarm is configured through the AMASK bits
(ALCFGRPT<13:10>). These bits determine which and
how many digits of the alarm must match the clock
value for the alarm to occur.

The alarm can also be configured to repeat based on a
preconfigured interval. The amount of times this occurs
once the alarm is enabled is stored in the ARPT bits,
ARPT7:ARPTO (ALCFGRPT<7:0>). When the value of
the ARPT bits equals 00h and the CHIME bit
(ALCFGRPT<14>) is cleared, the repeat function is
disabled and only a single alarm will occur. The alarm
can be repeated up to 255 times by loading
ARPT7:ARPTO with FFh.

After each alarm is issued, the value of the ARPT bits
is decremented by one. Once the value has reached
00h, the alarm will be issued one last time, after which
the ALRMEN bit will be cleared automatically and the
alarm will turn off.

Indefinite repetition of the alarm can occur if the CHIME
bit = 1. Instead of the alarm being disabled when the
value of the ARPT bits reaches 00h, it rolls over to FFh
and continues counting indefinitely while CHIME is set.

18.3.2 ALARM INTERRUPT

At every alarm event, an interrupt is generated. In addi-
tion, an alarm pulse output is provided that operates at
half the frequency of the alarm. This output is
completely synchronous to the RTCC clock and can be
used as a trigger clock to other peripherals.

Note:  Changing any of the registers, other then
the RCFGCAL and ALCFGRPT registers
and the CHIME bit while the alarm is
enabled (ALRMEN = 1), can result in a
false alarm event leading to a false alarm
interrupt. To avoid a false alarm event, the
timer and alarm values should only be
changed while the alarm is disabled
(ALRMEN = 0). Itis recommended that the
ALCFGRPT register and CHIME bit be

changed when RTCSYNC = 0.

FIGURE 18-2: ALARM MASK SETTINGS
Day of
Alarm Mask Setting the
(AMASK3:AMASKO0) Week Day Hours  Minutes Seconds

0000 — Every half second
0001 — Every second

0010 — Every 10 seconds

0011 — Every minute

0100 — Every 10 minutes

0101 — Every hour

0110 — Every day

0111 — Every week

1000 — Every month

O OFOOOO OO

1001 — Every yearm

O0/00 Od-00- 00
C0/00 OE= 05 L]
C0/00 OE:OE s L]
CI0/000E CET:Elm]  [][]
L0/ T e [m][m] 2 [+][]
CIE/700ET (][] e [m]{m] 2 [ ][]
CIC1/TE] [n]fe] s [m][m] 2 [+ ][]
CIE0/1a]le] [w][] e [m][m] s [=][e]
[m][m]/[a][a] [n][n][m][m]:[s][]

Note 1: Annually, except when configured for February 29.
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19.0 PROGRAMMABLE CYCLIC
REDUNDANCY CHECK (CRC)
GENERATOR

This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 30. Programmable Cyclic
Redundancy Check (CRC)” (DS39714).

Note:

The programmable CRC generator offers the following
features:

» User-programmable polynomial CRC equation
* Interrupt output
+ Data FIFO

The module implements a software configurable CRC
generator. The terms of the polynomial and its length
can be programmed using the X15:X1 bits
(CRCXOR<15:1>) and the PLEN3:PLENO bits
(CRCCON<3:0>), respectively.

Consider the CRC equation:
<16 4512 1454+
To program this polynomial into the CRC generator,

the CRC register bits should be set as shown in
Table 19-1.

TABLE 19-1: EXAMPLE CRC SETUP
Bit Name Bit Value
PLEN3:PLENO 1111
X15:X1 000100000010000

Note that for the value of X<15:1>, the 12th bit and the
5th bit are set to ‘1’, as required by the equation. The
0 bit required by the equation is always XORed. For a
16-bit polynomial, the 16th bit is also always assumed
to be XORed; therefore, the X<15:1> bits do not have
the O bit or the 16th bit.

The topology of a standard CRC generator is shown in
Figure 19-2.

FIGURE 19-1: CRC SHIFTER DETAILS
PLEN<3:0> 0 1 2 15
A A A A
CRC Shift Register
Hiﬂd X1 Hl)ld X2 Hold X3 X15 Hild
XOR out »| 0 ouT ;Jﬂ ouT | 0 0 ouT
»>(Per{IN >IN IN y > IN
DouT BITO ST BIT 1 ST BIT2 [l 1\ o BIT 15
r\/rl —\Jrl 7\/71 1
A A A
p_clk p_clk p_clk p_clk
CRC Read Bus
CRC Write Bus
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FIGURE 19-2: CRC GENERATOR RECONFIGURED FOR x16 + x12 + x5 + 1
XOR
»(e»{D Q-4(>D Qlew{D »| D ((>/\ » D Q C » D Q
soo’ » N DR +5
BIT O BIT 4 BIT 12 BIT 15
| |
p_clk p_clk p_clk p_clk

CRC Read Bus

CRC Write Bus

19.1 User Interface

19.11 DATA INTERFACE

To start serial shifting, a ‘1’ must be written to the
CRCGO bit.

The module incorporates a FIFO that is 8 deep when
PLEN (CRCCON<3:0>) > 7, and 16 deep, otherwise.
The data for which the CRC is to be calculated must
first be written into the FIFO. The smallest data element
that can be written into the FIFO is one byte. For
example, if PLEN =5, then the size of the data is
PLEN + 1 = 6. The data must be written as follows:

data[5:0] = crc_input[5:0]
data[7:6] = ‘bxx

Once data is written into the CRCWDAT MSb (as
defined by PLEN), the value of VWORD
(CRCCON<12:8>) increments by one. The serial
shifter starts shifting data into the CRC engine when
CRCGO =1 and VWORD >0. When the MSb is
shifted out, VWORD decrements by one. The serial
shifter continues shifting until the VWORD reaches 0.
Therefore, for a given value of PLEN, it will take
(PLEN + 1) * VWORD number of clock cycles to
complete the CRC calculations.

When VWORD reaches 8 (or 16), the CRCFUL bit will
be set. When VWORD reaches 0, the CRCMPT bit will
be set.

To continually feed data into the CRC engine, the rec-
ommended mode of operation is to initially “prime” the
FIFO with a sufficient number of words so no interrupt
is generated before the next word can be written. Once
that is done, start the CRC by setting the CRCGO bit to
‘1’. From that point onward, the VWORD bits should be
polled. If they read less than 8 or 16, another word can
be written into the FIFO.

To empty words already written into a FIFO, the
CRCGO bit must be set to ‘1’ and the CRC shifter
allowed to run until the CRCMPT bit is set.

Also, to get the correct CRC reading, it will be
necessary to wait for the CRCMPT bit to go high before
reading the CRCWDAT register.

If a word is written when the CRCFUL bit is set, the
VWORD Pointer will roll over to 0. The hardware will
then behave as if the FIFO is empty. However, the con-
dition to generate an interrupt will not be met; therefore,
no interrupt will be generated (See Section 19.1.2
“Interrupt Operation”).

At least one instruction cycle must pass after a write to
CRCWDAT before a read of the VWORD bits is done.

19.1.2 INTERRUPT OPERATION

When the VWORD4:VWORDO bits make a transition
from a value of ‘1’ to ‘0’, an interrupt will be generated.

19.2 Operation in Power Save Modes

19.2.1 SLEEP MODE

If Sleep mode is entered while the module is operating,
the module will be suspended in its current state until
clock execution resumes.

19.2.2 IDLE MODE

To continue full module operation in Idle mode, the
CSIDL bit must be cleared prior to entry into the mode.

If CSIDL = 1, the module will behave the same way as
it does in Sleep mode; pending interrupt events will be
passed on, even though the module clocks are not
available.
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19.3 Registers

There are four registers used to control programmable
CRC operation:

+ CRCCON

*+ CRCXOR

* CRCDAT

« CRCWDAT

REGISTER19-1: CRCCON: CRC CONTROL REGISTER

uU-0 U-0 R/W-0 R-0 R-0 R-0 R-0 R-0
— — CSIDL VWORD4 VWORD3 VWORD?2 VWORD1 VWORDO
bit 15 bit 8
R-0 R-1 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CRCFUL CRCMPT — CRCGO PLEN3 PLEN2 PLEN1 PLENO
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 15-14 Unimplemented: Read as ‘0’

bit 13 CSIDL: CRC Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

bit 12-8 VWORD4:VWORDO: Pointer Value bits

Indicates the number of valid words in the FIFO. Has a maximum value of 8 when PLEN3:PLENO > 7,
or 16 when PLEN3:PLENO < 7.

bit 7 CRCFUL: FIFO Full bit
1= FIFOis full
0 = FIFO is not full

bit 6 CRCMPT: FIFO Empty Bit

1= FIFO is empty

0 = FIFO is not empty
bit 5 Unimplemented: Read as ‘0’
bit 4 CRCGO: Start CRC bit

1 = Start CRC serial shifter
0 = CRC serial shifter turned off

bit 3-0 PLEN3:PLENO: Polynomial Length bits
Denotes the length of the polynomial to be generated minus 1.
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REGISTER 19-2: CRCXOR: CRC XOR POLYNOMIAL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
X15 X14 X13 X12 X1 X10 X9 X8
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
X7 X6 X5 X4 X3 X2 X1 —
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 15-1 X15:X1: XOR of Polynomial Term X" Enable bits
bit 0 Unimplemented: Read as ‘0’
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20.0 10-BIT HIGH-SPEED A/D
CONVERTER

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 17. 10-Bit A/D Converter”

(DS39705).

The 10-bit A/D Converter has the following key
features:

» Successive Approximation (SAR) conversion

» Conversion speeds of up to 500 ksps

* 16 analog input pins

» External voltage reference input pins

* Internal band gap reference inputs

» Automatic Channel Scan mode

» Selectable conversion trigger source

» 16-word conversion result buffer

» Selectable Buffer Fill modes

 Four result alignment options

» Operation during CPU Sleep and Idle modes

On all PIC24FJ256GA110 family devices, the 10-bit
A/D Converter has 16 analog input pins, designated
ANO through AN15. In addition, there are two analog
input pins for external voltage reference connections

(VRer+ and VREF-). These voltage reference inputs
may be shared with other analog input pins.

A block diagram of the A/D Converter is shown in
Figure 20-1.

To perform an A/D conversion:

1. Configure the A/D module:

a) Configure port pins as analog inputs and/or
select band gap reference input
(AD1PCFGL<15:0> and AD1PCFGH<1:0>).

b) Select voltage reference source to match
expected range on analog inputs
(AD1CON2<15:13>).

c) Select the analog conversion clock to
match desired data rate with processor
clock (AD1CON3<7:0>).

d) Select the appropriate sample/conversion
sequence (AD1CON1<7:5> and
AD1CON3<12:8>).

e) Select how conversion results are
presented in the buffer (AD1CON1<9:8>).

f)  Select interrupt rate (AD1CON2<5:2>).

g) Turn on A/D module (AD1CON1<15>).
2. Configure A/D interrupt (if required):

a) Clear the AD1IF bit.

b) Select A/D interrupt priority.

© 2008 Microchip Technology Inc.

Preliminary

DS39905B-page 213



PIC24FJ256GA110 FAMILY

FIGURE 20-1:

10-BIT HIGH-SPEED A/D CONVERTER BLOCK DIAGRAM

Internal Data Bus

16

Comparator

Conversion Logic
A

Pin Config Control

| I
AVDD —.—\ I
| ~ [VR* !
AVss —+— © !
I ] !
VREF+ [ 2 | VR :
>
| |
VREF- X]—l— !
| — ' V|
| , VINH
ANO g—'l ;
| I VINL SM
AN [ | 1
|
| |
AN2 &I— v [ 10-Bit SAR
| INH 1
AN3  XF— ' |
| |
AN4 XF— !
| i | Data Formatting
2
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| |
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|
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DS39905B-page 214

Preliminary

© 2008 Microchip Technology Inc.



PIC24FJ256GA110 FAMILY

REGISTER 20-1: AD1CON1: A/D CONTROL REGISTER 1

R/W-0 uU-0 R/W-0 uU-0 U-0 uU-0 R/W-0 R/W-0
ADON™M — ADSIDL — — — FORM!1 FORMO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0, HCS R/W-0, HCS
SSRC2 SSRCH1 SSRCO — — ASAM SAMP DONE
bit 7 bit 0
Legend: HCS = Hardware Clearable/Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 ADON: A/D Operating Mode bit(*)
1 = A/D Converter module is operating
0 = A/D Converter is off
bit 14 Unimplemented: Read as ‘0’
bit 13 ADSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-10 Unimplemented: Read as ‘0’
bit 9-8 FORM1:FORMO: Data Output Format bits
11 = Signed fractional (sddd dddd dd00 0000)
10 = Fractional (dddd dddd dd00 0000)
01 = Signed integer (ssss sssd dddd dddd)
00 = Integer (0000 00dd dddd dddd)
bit 7-5 SSRC2:SSRCO0: Conversion Trigger Source Select bits
111 = Internal counter ends sampling and starts conversion (auto-convert)
110 = Reserved
101 = Reserved
100 = CTMU event ends sampling and starts conversion
011 = Timer5 compare ends sampling and starts conversion
010 = Timer3 compare ends sampling and starts conversion
001 = Active transition on INTO pin ends sampling and starts conversion
000 = Clearing SAMP bit ends sampling and starts conversion
bit 4-3 Unimplemented: Read as ‘0’
bit 2 ASAM: A/D Sample Auto-Start bit
1 = Sampling begins immediately after last conversion completes. SAMP bit is auto-set.
0 = Sampling begins when SAMP bit is set
bit 1 SAMP: A/D Sample Enable bit
1 = A/D sample/hold amplifier is sampling input
0 = A/D sample/hold amplifier is holding
bit 0 DONE: A/D Conversion Status bit
1 = A/D conversion is done
0 = A/D conversion is NOT done
Note 1: Values of ADC1BUFx registers will not retain their values once the ADON bit is cleared. Read out the

conversion values from the buffer before disabling the module.
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REGISTER 20-2: AD1CON2: A/D CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 r-0 uU-0 R/W-0 uU-0 uU-0
VCFG2 VCFG1 VCFGO r — CSCNA — —
bit 15 bit 8
R-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUFS — SMPI3 SMPI2 SMPI1 SMPIO BUFM ALTS
bit 7 bit 0
Legend: U = Unimplemented bit, read as ‘0’
R = Readable bit W = Writable bit r = Reserved bit’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-13 VCFG2:VCFGO: Voltage Reference Configuration bits
VCFG2:VCFGO VR+ VR-
000 AVDD AVss
001 External VREF+ pin AVss
010 AVDD External VREF- pin
011 External VREF+ pin External VREF- pin
1xx AVDD AVss
bit 12 Reserved: Maintain as ‘0’
bit 11 Unimplemented: Read as ‘0’
bit 10 CSCNA: Scan Input Selections for CHO+ S/H Input for MUX A Input Multiplexer Setting bit
1 = Scan inputs
0 = Do not scan inputs
bit 9-8 Unimplemented: Read as ‘0’
bit 7 BUFS: Buffer Fill Status bit (valid only when BUFM = 1)
1 = A/D is currently filling buffer 08-0F, user should access data in 00-07
0 = A/D is currently filling buffer 00-07, user should access data in 08-0F
bit 6 Unimplemented: Read as ‘0’
bit 5-2 SMPI3:SMPI0: Sample/Convert Sequences Per Interrupt Selection bits
1111 = Interrupts at the completion of conversion for each 16th sample/convert sequence
1110 = Interrupts at the completion of conversion for each 15th sample/convert sequence
0001 = Interrupts at the completion of conversion for each 2nd sample/convert sequence
0000 = Interrupts at the completion of conversion for each sample/convert sequence
bit 1 BUFM: Buffer Mode Select bit
1 = Buffer configured as two 8-word buffers (ADC1BUFn<15:8> and ADC1BUFn<7:0>)
0 = Buffer configured as one 16-word buffer (ADC1BUFn<15:0>)
bit 0 ALTS: Alternate Input Sample Mode Select bit

1 = Uses MUX A input multiplexer settings for first sample, then alternates between MUX B and MUX A

input multiplexer settings for all subsequent samples
0 = Always uses MUX A input multiplexer settings
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REGISTER 20-3: AD1CON3: A/D CONTROL REGISTER 3

R/W-0 r-0 r-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADRC r r SAMC4 SAMC3 SAMC2 SAMC1 SAMCO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADCS7 ADCS6 ADCS5 ADCS4 ADCS3 ADCS2 ADCS1 ADCSO0
bit 7 bit 0
Legend: r = Reserved bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 ADRC: A/D Conversion Clock Source bit

1 = A/D internal RC clock
0 = Clock derived from system clock

bit 14-13 Reserved: Maintain as ‘0’

bit 12-8 SAMC4:SAMCO: Auto-Sample Time bits
11111 =31 TaD

00001 =1 TAD
00000 = 0 TAD (not recommended)

bit 7-0 ADCS7:ADCSO0: A/D Conversion Clock Select bits
11111111 =256« Tcy

00000001 =2+ TCY
00000000 =Tcy
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REGISTER 20-4: AD1CHSO0: A/D INPUT SELECT REGISTER

R/W-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CHONB — — cHosB4( | cHosB3™ | cHosB2" | cHosB1(™M | cHosBo(
bit 15 bit 8
R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CHONA — — CHOSA4 CHOSA3 CHOSA2 CHOSA1 CHOSAO
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 15 CHONB: Channel 0 Negative Input Select for MUX B Multiplexer Setting bit

1 = Channel 0 negative input is AN1
0 = Channel 0 negative input is VR-

bit 14-13 Unimplemented: Read as ‘0’
bit 12-8 CHOSB4:CHOSBO: Channel 0 Positive Input Select for MUX B Multiplexer Setting bits(!)

11111 = Channel 0 positive input is internal band gap reference (VBG)
11110 = Channel 0 positive input is VBG/2
01111 = Channel O positive input is AN15
01110 = Channel 0 positive input is AN14
01101 = Channel 0 positive input is AN13
01100 = Channel 0 positive input is AN12
01011 = Channel 0 positive input is AN11
01010 = Channel 0 positive input is AN10
01001 = Channel 0 positive input is AN9
01000 = Channel 0 positive input is AN8
00111 = Channel 0 positive input is AN7
00110 = Channel 0 positive input is AN6
00101 = Channel 0 positive input is AN5
00100 = Channel 0 positive input is AN4
00011 = Channel 0 positive input is AN3
00010 = Channel 0 positive input is AN2
00001 = Channel 0 positive input is AN1
00000 = Channel 0 positive input is ANO

bit 7 CHONA: Channel 0 Negative Input Select for MUX A Multiplexer Setting bit

1 = Channel 0 negative input is AN1
0 = Channel 0 negative input is VR-

bit 6-5 Unimplemented: Read as ‘0’
bit 4-0 CHOSA4:CHOSAO: Channel 0 Positive Input Select for MUX A Multiplexer Setting bits
Implemented combinations are identical to those for CHOSB4:CHOSBO (above).

Note 1: Combinations ‘10000’ through ‘11101’ are unimplemented; do not use.
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REGISTER 20-5: AD1PCFGL: A/D PORT CONFIGURATION REGISTER (LOW)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PCFG15 PCFG14 PCFG13 PCFG12 PCFG11 PCFG10 ‘ PCFG9 | PCFG8
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PCFG7 PCFG6 PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGO
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 15-0 PCFG15:PCFGO: Analog Input Pin Configuration Control bits

1 = Pin for corresponding analog channel is configured in Digital mode; I/O port read enabled
0 = Pin configured in Analog mode; I/O port read disabled, A/D samples pin voltage

REGISTER 20-6: AD1PCFGH: A/D PORT CONFIGURATION REGISTER (HIGH)

uU-0 U-0 uU-0 U-0 U-0 u-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 uU-0 U-0 uU-0 U-0 R/W-0 R/W-0
— — — — — — PCFG17 PCFG16
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 15-2 Unimplemented: Read as ‘0’
bit 1 PCFG17: A/D Input Band Gap Scan Enable bit

1 = Internal band gap (VBG) channel enabled for input scan
0 = Analog channel disabled from input scan
bit 0 PCFG16: A/D Input Half Band Gap Scan Enable bit

1 = Internal VBG/2 channel enabled for input scan
0 = Analog channel disabled from input scan
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REGISTER 20-7:

AD1CSSL: A/D INPUT SCAN SELECT REGISTER (LOW)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSSL15 CSsL14 CSSL13 CSSsL12 CSSL11 ‘ CSSL10 ‘ CSSL9 CSSL8
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSSL7 CSSL6 CSSL5 CSssL4 CSSL3 CSSL2 CSSLA1 CSSLo
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 15-0

REGISTER 20-8:

CSSL15:CSSLO: A/D Input Pin Scan Selection bits

1 = Corresponding analog channel selected for input scan
0 = Analog channel omitted from input scan

AD1CSSH: A/D INPUT SCAN SELECT REGISTER (HIGH)

-n = Value at POR

u-0 U-0 U-0 uU-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 u-0 R/W-0 R/W-0
— — — — — — CSSL17 CSSL16
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-2
bit 1

bit 0

EQUATION 20-1:

Unimplemented: Read as ‘0’
CSSL17: A/D Input Band Gap Scan Selection bit

1 = Internal band gap (VBG) channel selected for input scan
0 = Analog channel omitted from input scan

CSSL16: A/D Input Half Band Gap Scan Selection bit

1 = Internal VBG/2 channel selected for input scan
0 = Analog channel omitted from input scan

A/D CONVERSION CLOCK PERIOD!"

TAD = Tcy * (ADCS + 1)

ADCS= AP
Toy

Note 1: Based on Tcy = 2 * Tosc; Doze mode and PLL are disabled.
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FIGURE 20-2:

10-BIT A/D CONVERTER ANALOG INPUT MODEL

<
5]
S}

Ric <250Q Sampling

Switch

VT =0.6V

@ : CPIN —

VT = 0.6V ILEAKAGE

—DH———DH

R

______ 6-11 pF +500 nA
L (Typical)
Legend: CPIN = Input Capacitance

VT = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to
various junctions

Ric = Interconnect Resistance
Rss = Sampling Switch Resistance
CHOLD = Sample/Hold Capacitance (from DAC)

ss <5 kQ (Typical)

CHOLD
= DAC capacitance

[~ =4.4 pF (Typical)

Vss

Note: CPIN value depends on device package and is not tested. Effect of CPIN negligible if Rs < 5 kQ.

FIGURE 20-3:

A/D TRANSFER FUNCTION

Output Code
(Binary (Decimal))

11 1111 1110 (1022) 4+ L

10 0000
10 0000
10 0000
10 0000
01 1111
01 1111
01 1111

00 0000 0001 (1) + 1+ 4

11 1111 1111 (1023) & — —

0011 (515) + + L
o010 (514) + L 1
0001 (513) + + L
0000(512) + + +
1111 (61) + £+ 4+
1110 (510) + + 4+
1101 (509) + —+ +

00 0000 0000 (0)

VR-

Voltage Level —p

1024

512*(VR+ — VR-)
1024

VR- +

1024
(VINH — VINL)

1023%(VR+ — VR-)

VR- +
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NOTES:
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21.0 TRIPLE COMPARATOR
MODULE

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
associated “PIC24F Family Reference

Manual” chapter.

The triple comparator module provides three dual-input
comparators. The inputs to the comparator can be con-
figured to use any one of four external analog inputs as
well, as a voltage reference input from either the
internal band gap reference divided by two (VBG/2) or
the comparator voltage reference generator.

The comparator outputs may be directly connected to
the CxOUT pins. When the respective COE equals ‘1’,
the 1/0 pad logic makes the unsynchronized output of
the comparator available on the pin.

A simplified block diagram of the module in shown in
Figure 21-1. Diagrams of the possible individual com-
parator configurations are shown in Figure 21-2.

Each comparator has its own control register,
CMxCON (Register 21-1), for enabling and configuring
its operation. The output and event status of all three
comparators is provided in the CMSTAT register
(Register 21-2).

FIGURE 21-1: TRIPLE COMPARATOR MODULE BLOCK DIAGRAM
EVPOL1:EVPOLO
CCH1:CCHO |
CREF
—‘ Trigger/nterrupt | CEVT _
Logic COE
VIN- | > X
c1 ' . s X'
VIN+ .
CXxINB gl; n
Input C1F§i)rEJT
CXINC |X|— Select cout
Logic
CxIND [X}— 9
VBG/2 EVPOL1:EVPOLO |
Trigger/Interrupt ﬂ»
Logic COE
VIN- | X .
vine| C2 >—¢ e - XI
P C20UT
coutr _ Pin
EVPOL1:EVPOLO
CXINA X—— |
Trigger/Interrupt CEVT
CVREF g]— . CEVT _
Logic COE
VIN- | > . :
T 3
C30UT
cour _ Pin
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FIGURE 21-2: INDIVIDUAL COMPARATOR CONFIGURATIONS
Comparator Off
CON =0, CREF = x, CCH1:CCHO = xx
COE
o VIN- | ° .
VIN+ Cx ]
—+ Off (Read as ‘0) CxOUT
Pin

Comparator CxINB > CxINA Compare
CON =1, CREF = 0, CCH1:CCHO0 =00

COE

VIN-
cxiNg [Y——e—N— ,

VIN+ Cx ' _&
cxiNa [ ——e——+ CxOUT

Comparator CxINC > CxINA Compare
CON =1, CREF = 0, CCH1:CCHO0 =01

COE

VIN-
CxINC [ ——e—1— .
-
Vi | X —
OxiNA D= CcxoUT

Pin

Pin
Comparator CxIND > CxINA Compare
CON =1, CREF = 0, CCH1:CCH0 =10

CXIND M—
CxINA M+

COE

Cx —/I_&

CxOUT
Pin

Comparator VBG > CxINA Compare
CON =1, CREF = 0,CCH1:CCHO0 =11

COE

VBG/2 — & YN | °

CxINA M-F

Cx —/:M

CxOuUT
Pin

Comparator CxINB > CVREF Compare
CON =1, CREF =1, CCH1:CCHO0 = 00

COE

VIN-
cxiNg e~ !
—/
VIN+ Cx ' _&
CVREF &—’—‘F CxOuUT

Comparator CxINC > CVREF Compare
CON =1, CREF =1, CCH1:CCHO0 =01

COE

VIN-
CxINC |X|—o— — ,
_—/
VIN+ Cx ' ‘@
CVREF g '—0— + CxOUT

Pin

Pin
Comparator CxIND > CVREF Compare
CON=1,CREF =1, CCH1:CCH0 =10

CXIND M—

COE

Cx —/:_&

Comparator VBG > CVREF Compare
CON=1,CREF =1, CCH1:CCHO =11

COE

VBG2 — o YN- |7

Cx ——/"|X|

CVREF g'—O—V”\H + cxOUT | CVRErF % '—O—V”\H + CxOUT
Pin Pin
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REGISTER 21-1: CMxCON: COMPARATOR x CONTROL REGISTERS

(COMPARATORS 1 THROUGH 3)

R/W-0 R/W-0 R/W-0 uU-0 U-0 u-0 R/W-0 R-0
CON COE | cPOL - | = — CEVT cout
bit 15 bit 8
R/W-0 R/W-0 u-0 R/W-0 u-0 u-0 R/W-0 R/W-0
EVPOLA1 EVPOLO — CREF — — CCH1 CCHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 CON: Comparator Enable bit
1 = Comparator is enabled
0 = Comparator is disabled
bit 14 COE: Comparator Output Enable bit
1 = Comparator output is present on the CxOUT pin.
0 = Comparator output is internal only
bit 13 CPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 12-10 Unimplemented: Read as ‘0’
bit 9 CEVT: Comparator Event bit
1= Comparator event defined by to EVPOL1:EVPOLO has occurred; subsequent triggers and
interrupts are disabled until the bit is cleared
0 = Comparator event has not occurred
bit 8 COUT: Comparator Output bit
When CPOL = o:
1= VIN+ > VIN-
0 = VIN+ < VIN-
When CPOL = 1:
1= VIN+ < VIN-
0 = VIN+ > VIN-
bit 7-6 EVPOL1:EVPOLO: Trigger/Event/Interrupt Polarity Select bits
11 = Trigger/event/interrupt generated on any change of the comparator output (while CEVT = 0)
10 = Trigger/event/interrupt generated on transition of the comparator output:
If CPOL = 0 (non-inverted polarity):
High-to-low transition only.
If CPOL = 1 (inverted polarity):
Low-to-high transition only.
01 = Trigger/Event/Interrupt generated on transition of comparator output:
If CPOL = 0 (non-inverted polarity):
Low-to-high transition only.
If CPOL = 1 (inverted polarity):
High-to-low transition only.
00 = Trigger/Event/Interrupt generation is disabled
bit 5 Unimplemented: Read as ‘0’
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REGISTER 21-1: CMxCON: COMPARATOR x CONTROL REGISTERS
(COMPARATORS 1 THROUGH 3) (CONTINUED)

bit 4 CREF: Comparator Reference Select bits (non-inverting input)
1 = Non-inverting input connects to internal CVREF voltage
0 = Non-inverting input connects to CXINA pin

bit 3-2 Unimplemented: Read as ‘0’

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

11 = Inverting input of comparator connects to VBG/2

10 = Inverting input of comparator connects to CXIND pin
01 = Inverting input of comparator connects to CXINC pin
00 = Inverting input of comparator connects to CXINB pin

REGISTER 21-2: CMSTAT: COMPARATOR MODULE STATUS REGISTER

R/W-0 u-0 u-0 uU-0 U-0 R-0 R-0 R-0
CMIDL — — — — C3EVT C2EVT C1EVT
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 R-0 R-0 R-0
— — — — — C30UT C20UT C10UT
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 15 CMIDL: Comparator Stop in Idle Mode bit

1 = Discontinue operation of all comparators when device enters Idle mode
0 = Continue operation of all enabled comparators in Idle mode

bit 14-11 Unimplemented: Read as ‘0’
bit 10 C3EVT: Comparator 3 Event Status bit (read-only)

Shows the current event status of Comparator 3 (CM3CON<9>).
bit 9 C2EVT: Comparator 2 Event Status bit (read-only)

Shows the current event status of Comparator 2 (CM2CON<9>).
bit 8 C1EVT: Comparator 1 Event Status bit (read-only)

Shows the current event status of Comparator 1 (CM1CON<9>).
bit 7-3 Unimplemented: Read as ‘0’
bit 2 C30UT: Comparator 3 Output Status bit (read-only)

Shows the current output of Comparator 3 (CM3CON<8>).
bit 1 C20UT: Comparator 2 Output Status bit (read-only)

Shows the current output of Comparator 2 (CM2CON<8>).
bit 0 C10UT: Comparator 1 Output Status bit (read-only)

Shows the current output of Comparator 1 (CM1CON<8>).
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22.0 COMPARATOR VOLTAGE
REFERENCE

This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
“Section 20. Comparator Voltage
Reference Module” (DS39709).

Note:

221 Configuring the Comparator

Voltage Reference

The voltage reference module is controlled through the
CVRCON register (Register 22-1). The comparator
voltage reference provides two ranges of output

FIGURE 22-1:

voltage, each with 16 distinct levels. The range to be
used is selected by the CVRR bit (CVRCON<5>). The
primary difference between the ranges is the size of the
steps selected by the CVREF Selection bits
(CVR3:CVRO0), with one range offering finer resolution.

The comparator reference supply voltage can come
from either VDD and Vss, or the external VREF+ and
VREF-. The voltage source is selected by the CVRSS
bit (CVRCON<4>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output.

COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

VREF+}—0 CVRSS =1
~

AVDD }—o L

CVRSS =0

[es]
Py

P

CVREN

A U X

16 Steps <

PO VY

AT - = =AM 1AM

CVRR I

VREF- }—o

CVRSS =1

ICVRSS =0
L Avss

CVR3:CVRO

A

——® CVREF

16-to-1 MUX

=

-

]

~_ |

\
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REGISTER 22-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

uU-0 U-0 U-0 U-0 U-0 uU-0 uU-0 uU-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO
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 15-8 Unimplemented: Read as ‘0’
bit 7 CVREN: Comparator Voltage Reference Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit
1 = CVREF voltage level is output on CVREF pin
0 = CVREF voltage level is disconnected from CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit
1 = CVRsRc range should be 0 to 0.625 CVRSRC with CVRSRC/24 step size
0 = CVRsRc range should be 0.25 to 0.719 CVRSRC with CVRSRC/32 step size
bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source CVRSRC = VREF+ — VREF-
0 = Comparator reference source CVRSRC = AVDD — AVSS
bit 3-0 CVR3:CVRO0: Comparator VREF Value Selection 0 < CVR3:CVRO < 15 bits

When CVRR = 1:

CVREF = (CVR<3:0>/ 24) ¢ (CVRSRC)

When CVRR = 0:

CVREF = 1/4 ¢ (CVRSRC) + (CVR<3:0>/32) e (CVRSRC)
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23.0 CHARGE TIME
MEASUREMENT UNIT (CTMU)

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
associated “PIC24F Family Reference
Manual” chapter.

The Charge Time Measurement Unit is a flexible
analog module that provides accurate differential time
measurement between pulse sources, as well as
asynchronous pulse generation. lts key features
include:

» Four edge input trigger sources

» Polarity control for each edge source

» Control of edge sequence

» Control of response to edges

» Time measurement resolution of 1 nanosecond

» Accurate current source suitable for capacitive
measurement

Together with other on-chip analog modules, the CTMU
can be used to precisely measure time, measure
capacitance, measure relative changes in capacitance,
or generate output pulses that are independent of the
system clock. The CTMU module is ideal for interfacing
with capacitive-based sensors.

The CTMU is controlled through two registers,
CTMUCON and CTMUICON. CTMUCON enables the
module, and controls edge source selection, edge
source polarity selection, and edge sequencing. The
CTMUICON register has controls the selection and trim
of the current source.

23.1 Measuring Capacitance

The CTMU module measures capacitance by generat-
ing an output pulse with a width equal to the time
between edge events on two separate input channels.
The pulse edge events to both input channels can be
selected from four sources: two internal peripheral
modules (OC1 and Timer1) and two external pins
(CTEDG1 and CTEDG2). This pulse is used with the
module’s precision current source to calculate
capacitance according to the relationship

-c. Y
[=Ce =

For capacitance measurements, the A/D converter
samples an external capacitor (CAPP) on one of its
input channels after the CTMU output’s pulse. A preci-
sion resistor (RPR) provides current source calibration
on a second A/D channel. After the pulse ends, the
converter determines the voltage on the capacitor. The
actual calculation of capacitance is performed in
software by the application.

Figure 23-1 shows the external connections used for
capacitance measurements, and how the CTMU and
A/D modules are related in this application. This
example also shows the edge events coming from
Timer1, but other configurations using external edge
sources are possible. A detailed discussion on measur-
ing capacitance and time with the CTMU module is
provided in the “PIC24F Family Reference Manual’.

FIGURE 23-1:

CAPACITANCE MEASUREMENT

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR

—K—1
ANXx |
|
ANY |
|
P |
T~ L
Caprp RPR

PIC24FJ Device
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23.2 Measuring Time

Time measurements on the pulse width can be similarly
performed, using the A/D module’s internal capacitor
(CAaD) and a precision resistor for current calibration.
Figure 23-2 shows the external connections used for
time measurements, and how the CTMU and A/D mod-
ules are related in this application. This example also
shows both edge events coming from the external
CTEDG pins, but other configurations using internal
edge sources are possible. A detailed discussion on
measuring capacitance and time with the CTMU module
is provided in the “PIC24F Family Reference Manual.

23.3

The CTMU module can also generate an output pulse
with edges that are not synchronous with the device’s
system clock. More specifically, it can generate a pulse
with a programmable delay from an edge event input to
the module.

Pulse Generation and Delay

FIGURE 23-2:
MEASUREMENT

When the module is configured for pulse generation
delay by setting the TGEN bit (CTMUCON<12>), the
internal current source is connected to the B input of
Comparator 2. A capacitor (CDELAY) is connected to
the Comparator 2 pin C2INB, and the comparator volt-
age reference, CVREF, is connected to C2INA. CVREF
is then configured for a specific trip point. The module
begins to charge CDELAY when an edge event is
detected. When CDELAY charges above the CVREF trip
point, a pulse is output on CTPLS. The length of the
pulse delay is determined by the value of CDELAY and
the CVREF trip point.

Figure 23-3 shows the external connections for pulse
generation, as well as the relationship of the different
analog modules required. While CTEDGH1 is shown as
the input pulse source, other options are available. A
detailed discussion on pulse generation with the CTMU
module is provided in the “PIC24F Family Reference
Manual”.

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR TIME
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FIGURE 23-3:
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TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE
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REGISTER 23-1: CTMUCON: CTMU CONTROL REGISTER

R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CTMUEN — CTMUSIDL TGEN EDGEN EDGSEQEN | IDISSEN CTTRIG
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT
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 15 CTMUEN: CTMU Enable bit

1 = Module is enabled
0 = Module is disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 CTMUSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12 TGEN: Time Generation Enable bit
1 = Enables edge delay generation
0 = Disables edge delay generation
bit 10 EDGEN: Edge Enable bit
1 = Edges are not blocked
0 = Edges are blocked
bit 10 EDGSEQEN: Edge Sequence Enable bit
1 = Edge 1 event must occur before Edge 2 event can occur
0 = No edge sequence is needed
bit 9 IDISSEN: Analog Current Source Control bit
1 = Analog current source output is grounded
0 = Analog current source output is not grounded
bit 8 CTTRIG: Trigger Control bit
1 = Trigger output is enabled
0 = Trigger output is disabled
bit 7 EDG2POL: Edge 2 Polarity Select bit
1 = Edge 2 programmed for a positive edge response
0 = Edge 2 programmed for a negative edge response
bit 6-5 EDG2SEL1:EDG2SELO: Edge 2 Source Select bits
11 = CTED1 pin
10 = CTED2 pin
01 = OC1 module
00 = Timer1 module
bit 4 EDG1POL: Edge 1 Polarity Select bit

1 = Edge 1 programmed for a positive edge response
0 = Edge 1 programmed for a negative edge response
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REGISTER 23-1: CTMUCON: CTMU CONTROL REGISTER (CONTINUED)

bit 3-2 EDG1SEL1:EDG1SELO: Edge 1 Source Select bits
11 = CTED1 pin
10 = CTED2 pin
01 = OC1 module
00 = Timer1 module
bit 1 EDG2STAT: Edge 2 Status bit

1 = Edge 2 event has occurred
0 = Edge 2 event has not occurred

bit 0 EDG1STAT: Edge 1 Status bit

1 = Edge 1 event has occurred
0 = Edge 1 event has not occurred

REGISTER 23-2: CTMUICON: CTMU CURRENT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIMO IRNG1 IRNGO
bit 15 bit 8
u-0 U-0 U-0 uU-0 U-0 U-0 U-0 U-0
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 15-10 ITRIM5:ITRIMO: Current Source Trim bits
011111 = Maximum positive change from nominal current
011110

000001 = Minimum positive change from nominal current
000000 = Nominal current output specified by IRNG1:IRNGO
111111 = Minimum negative change from nominal current
100010

100001 = Maximum negative change from nominal current

bit 9-8 IRNG1:IRNGO: Current Source Range Select bits

11 =100 x Base current

10 = 10 x Base current

01 = Base current level (0.55 pA nominal)
00 = Current source disabled

bit 7-0 Unimplemented: Read as ‘0’
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24.0 SPECIAL FEATURES

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
following sections of the “PIC24F Family
Reference Manual”:

+ Section 9. “Watchdog Timer (WDT)”
(DS39697)

+ Section 32. “High-Level Device
Integration” (DS39719)

+ Section 33. “Programming and
Diagnostics” (DS39716)

PIC24FJ256GA110 family devices include several
features intended to maximize application flexibility and
reliability, and minimize cost through elimination of
external components. These are:

* Flexible Configuration

» Watchdog Timer (WDT)

+ Code Protection

» JTAG Boundary Scan Interface
* In-Circuit Serial Programming
¢ In-Circuit Emulation

241 Configuration Bits

The Configuration bits can be programmed (read as ‘0’),
or left unprogrammed (read as ‘1’), to select various
device configurations. These bits are mapped starting at
program memory location F80000h. A detailed explana-
tion of the various bit functions is provided in
Register 24-1 through Register 24-5.

Note that address F80000h is beyond the user program
memory space. In fact, it belongs to the configuration
memory space (800000h-FFFFFFh) which can only be
accessed using table reads and table writes.

2411 CONSIDERATIONS FOR
CONFIGURING PIC24FJ256GA110
FAMILY DEVICES

In PIC24FJ256GA110 family devices, the configuration
bytes are implemented as volatile memory. This means
that configuration data must be programmed each time
the device is powered up. Configuration data is stored
in the three words at the top of the on-chip program
memory space, known as the Flash Configuration
Words. Their specific locations are shown in
Table 24-1. These are packed representations of the
actual device Configuration bits, whose actual
locations are distributed among several locations in
configuration space. The configuration data is automat-
ically loaded from the Flash Configuration Words to the
proper Configuration registers during device Resets.

Note:  Configuration data is reloaded on all types

of device Resets.

When creating applications for these devices, users
should always specifically allocate the location of the
Flash Configuration Word for configuration data. This is
to make certain that program code is not stored in this
address when the code is compiled.

The upper byte of all Flash Configuration Words in pro-
gram memory should always be ‘1111 1111’. This
makes them appear to be NOP instructions in the
remote event that their locations are ever executed by
accident. Since Configuration bits are not implemented
in the corresponding locations, writing ‘1’s to these
locations has no effect on device operation.

Note:  Performing a page erase operation on the
last page of program memory clears the
Flash Configuration Words, enabling code
protection as a result. Therefore, users
should avoid performing page erase
operations on the last page of program

memory.

TABLE 24-1: FLASH CONFIGURATION WORD LOCATIONS FOR PIC24FJ256GA110 FAMILY

DEVICES
Configuration Word Addresses
Device
1 2 3
PIC24FJ128GA1 157FEh 157FC 157FA
PIC24FJ192GA1 20BFEh 20BFC 20BFA
PIC24FJ256GA1 2ABFEh 2ABFC 2ABFA
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REGISTER 24-1:

CW1: FLASH CONFIGURATION WORD 1

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1
bit 23 bit 16
rx RIPO-1 R/PO-1 RIPO-1 RIPO-1 -1 RIPO-1 R/PO-1
r | Jtacen | ecP | oewrer | BEBUG | r | ics1 | icso
bit 15 bit 8
RIPO-1 RIPO-1 U-1 RIPO-1 RIPO-1 RIPO-1 RIPO-1 RIPO-1
FWDTEN | WINDIS — FWPSA | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO
bit 7 bit 0
Legend: r = Reserved bit

R = Readable bit
-n = Value when device is unprogrammed

PO = Program Once bit U = Unimplemented bit, read as ‘0’

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 23-16
bit 15
bit 14

bit 13

bit 12

bit 11

bit 10

bit 9-8

bit 7

bit 6

bit 5
bit 4

Note 1:

Unimplemented: Read as ‘1’

Reserved: The value is unknown; program as ‘0’

JTAGEN: JTAG Port Enable bit(")

1 = JTAG port is enabled

0 = JTAG port is disabled

GCP: General Segment Program Memory Code Protection bit
1 = Code protection is disabled

0 = Code protection is enabled for the entire program memory space
GWRP: General Segment Code Flash Write Protection bit

1 = Writes to program memory are allowed

0 = Writes to program memory are disabled

DEBUG: Background Debugger Enable bit

1 = Device resets into Operational mode
0 = Device resets into Debug mode

Reserved: Always maintain as ‘1’

ICS1:1CS0: Emulator Pin Placement Select bits

11 = Emulator functions are shared with PGEC1/PGED1
10 = Emulator functions are shared with PGEC2/PGED2
01 = Emulator functions are shared with PGEC3/PGED3
00 = Reserved; do not use

FWDTEN: Watchdog Timer Enable bit

1 = Watchdog Timer is enabled

0 = Watchdog Timer is disabled

WINDIS: Windowed Watchdog Timer Disable bit

1 = Standard Watchdog Timer enabled

0 = Windowed Watchdog Timer enabled; FWDTEN must be ‘1’
Unimplemented: Read as ‘1’

FWPSA: WDT Prescaler Ratio Select bit
1 = Prescaler ratio of 1:128
0 = Prescaler ratio of 1:32

The JTAGEN bit can only be modified using In-Circuit Serial Programming™ (ICSP™). It cannot be

modified while programming the device through the JTAG interface.
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REGISTER 24-1: CW1: FLASH CONFIGURATION WORD 1 (CONTINUED)

bit 3-0 WDTPS3:WDTPSO0: Watchdog Timer Postscaler Select bits
1111 =1:32,768
1110 = 1:16,384
1101 = 1:8,192
1100 = 1:4,096
1011 =1:2,048
1010 = 1:1,024
1001 =1:512
1000 = 1:256
0111 =1:128
0110 =1:64
0101 = 1:32
0100 = 1:16
0011 =1:8
0010=14
0001 =1:2
0000 =1:1

Note 1: The JTAGEN bit can only be modified using In-Circuit Serial Programming™ (ICSP™). It cannot be
modified while programming the device through the JTAG interface.
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REGISTER 24-2: CW2: FLASH CONFIGURATION WORD 2

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1
- - 1 -1 -1 -1 - - -
bit 23 bit 16
R/PO-1 U-1 U-1 U-1 r-0 R/PO-1 R/PO-1 R/PO-1
Eeso | — | - 1 = ] r | FNOSC2 | FNOSC1 | FNOSCO
bit 15 bit 8
R/PO-1 R/PO-1 R/PO-1 R/PO-1 U-1 R/PO-1 R/PO-1 R/PO-1
FCKSM1 | FCKSMO | OSCIOFCN | 1oLiwAay |  — [ 12c2seL® | POoscMD1 | POSCMDO
bit 7 bit 0
Legend: r = Reserved bit
R = Readable bit PO = Program-once bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed 1’ = Bit is set ‘0’ = Bit is cleared
bit 23-16 Unimplemented: Read as ‘1’
bit 15 IESO: Internal External Switchover bit
1 = IESO mode (Two-Speed Start-up) enabled
0 = IESO mode (Two-Speed Start-up) disabled
bit 14-12 Unimplemented: Read as ‘1’
bit 11 Reserved: Always maintain as ‘0’
bit 10-8 FNOSC2:FNOSCO: Initial Oscillator Select bits
111 = Fast RC Oscillator with Postscaler (FRCDIV)
110 = Reserved
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator with postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)
bit 7-6 FCKSM1:FCKSMO: Clock Switching and Fail-Safe Clock Monitor Configuration bits
1x = Clock switching and Fail-Safe Clock Monitor are disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled
bit 5 OSCIOFCN: OSCO Pin Configuration bit
If POSCMD1:POSCMDO = 11 or 00:
1 = OSCO/CLKO/RC15 functions as CLKO (Fosc/2)
0 = OSCO/CLKO/RC15 functions as port I/O (RC15)
If POSCMD1:POSCMDO0 = 10 or 01:
OSCIOFCN has no effect on OSCO/CLKO/RC15.
bit 4 IOL1WAY: IOLOCK One-Way Set Enable bit
1= The IOLOCK bit (OSCCON<6>)can be set once, provided the unlock sequence has been
completed. Once set, the Peripheral Pin Select registers cannot be written to a second time.
0 = The IOLOCK bit can be set and cleared as needed, provided the unlock sequence has been
completed
bit 3 Unimplemented: Read as ‘1’
bit 2 I2C2SEL: 12C2 Pin Select bit(")

1 = Use SCL2/SDA2 pins for 12C2
0 = Use ASCL2/ASDAZ2 pins for 12C2

Note 1: Implemented in 100-pin devices only; otherwise unimplemented, read as ‘1’.

DS39905B-page

236 Preliminary © 2008 Microchip Technology Inc.




PIC24FJ256GA110 FAMILY

REGISTER 24-2: CW2: FLASH CONFIGURATION WORD 2 (CONTINUED)

bit 1-0

Note 1:

POSCMD1:POSCMDO: Primary Oscillator Configuration bits
11 = Primary oscillator disabled

10 = HS Oscillator mode selected

01 = XT Oscillator mode selected

00 = EC Oscillator mode selected

Implemented in 100-pin devices only; otherwise unimplemented, read as ‘1’.

REGISTER 24-3: CW3: FLASH CONFIGURATION WORD 3

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1
bit 23 | | | | | | | bit 16
R/PO-1 R/PO-1 R/PO-1 U-1 U-1 U-1 U-1 R/PO-1
WPEND | wpcrG | wpbis | — | — | — |  — | wPFPs
bit 15 bit 8
R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1
WPFP7 | WPFP6 | WPFP5 | WPFP4 | WPFP3 | WPFP2 | WPFP1 | WPFPO
bit 7 bit 0
Legend:
R = Readable bit PO = Program-once bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed 1’ = Bit is set ‘0’ = Bit is cleared
bit 23-16 Unimplemented: Read as ‘1’
bit 15 WPEND: Segment Write Protection End Page Select bit
1 = Protected code segment lower boundary is at the bottom of program memory (000000h); upper
boundary is the code page specified by WPFP8:WPFPO
0 = Protected code segment upper boundary is at the last page of program memory; lower boundary
is the code page specified by WPFP8:WPFPOQ
bit 14 WPCFG: Configuration Word Code Page Protection Select bit
1 = Last page (at the top of program memory) and Flash Configuration Words are not protected
0 = Last page and Flash Configuration Words are code-protected
bit 13 WPDIS: Segment Write Protection Disable bit
1 = Segmented code protection disabled
0 = Segmented code protection enabled; protected segment defined by WPEND, WPCFG and
WPFPx Configuration bits
bit 12-9 Unimplemented: Read as ‘1’
bit 8-0 WPFP8:WPFPO: Protected Code Segment Boundary Page bits

Designates the 16K word program code page that is the boundary of the protected code segment,
starting with Page 0 at the bottom of program memory.

If WPEND = 1:

Last address of designated code page is the upper boundary of the segment.

If WPEND = 0:

First address of designated code page is the lower boundary of the segment.
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REGISTER 24-4: DEVID: DEVICE ID REGISTER

u u U U U U U u
bit 23 bit 16
u u R R R R R R
— — FAMID7 FAMID6 FAMIDS FAMID4 FAMID3 FAMID2
bit 15 bit 8
R R R R R R R R
FAMID1 FAMIDO DEV5 DEV4 DEV3 DEV2 DEV1 DEVO
bit 7 bit 0
Legend: R = Read-only bit U = Unimplemented bit

bit 23-14 Unimplemented: Read as ‘1’

bit 13-6 FAMID7:FAMIDO: Device Family Identifier bits
01000000 = PIC24FJ256GA110 family
bit 5-0 DEV5:DEVO0: Individual Device ldentifier bits

001000 =PIC24FJ128GA106
001010 =PIC24FJ128GA108
001110 =PIC24FJ128GA110
010000 = PIC24FJ192GA106
010010 =PIC24FJ192GA108
010110 =PIC24FJ192GA110
011000 =PIC24FJ256GA106
011010 = PIC24FJ256GA108
011110 = PIC24FJ256GA110

REGISTER 24-5: DEVREV: DEVICE REVISION REGISTER

U U U U U U U U
bit 23 bit 16
U U ] U U U U R
— — — — — — — MAJRV2
bit 15 bit 8
R R ] U ] R R R
MAJRV1 MAJRVO — — — DOT2 DOT1 DOTO
bit 7 bit 0
Legend: R =Read-only bit U = Unimplemented bit
bit 23-9 Unimplemented: Read as ‘0’
bit 8-6 MAJRV2:MAJRVO0: Major Revision Identifier bits
bit 5-3 Unimplemented: Read as ‘0’
bit 2-0 DOT2:DOTO: Minor Revision Identifier bits
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24.2 On-Chip Voltage Regulator

All PIC24FJ256GA110 family devices power their core
digital logic at a nominal 2.5V. This may create an issue
for designs that are required to operate at a higher
typical voltage, such as 3.3V. To simplify system
design, all devices in the PIC24FJ256GA110 family
incorporate an on-chip regulator that allows the device
to run its core logic from VDD.

The regulator is controlled by the ENVREG pin. Tying VDD
to the pin enables the regulator, which in turn, provides
power to the core from the other VDD pins. When the reg-
ulator is enabled, a low ESR capacitor (such as ceramic)
must be connected to the VDDCORE/VCAP pin
(Figure 24-1). This helps to maintain the stability of the
regulator. The recommended value for the filter capacitor
(CEFC)is provided in Section 27.1 “DC Characteristics”.

If ENVREG is tied to Vss, the regulator is disabled. In
this case, separate power for the core logic at a nomi-
nal 2.5V must be supplied to the device on the
VDDCORE/VCAP pin to run the I/O pins at higher voltage
levels, typically 3.3V. Alternatively, the VDDCORE/VCAP
and VDD pins can be tied together to operate at a lower
nominal voltage. Refer to Figure 24-1 for possible
configurations.

2421 VOLTAGE REGULATOR TRACKING
MODE AND LOW-VOLTAGE
DETECTION

When it is enabled, the on-chip regulator provides a
constant voltage of 2.5V nominal to the digital core
logic.

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

When the device enters Tracking mode, it is no longer
possible to operate at full speed. To provide information
about when the device enters Tracking mode, the
on-chip regulator includes a simple, Low-Voltage
Detect circuit. When VDD drops below full-speed oper-
ating voltage, the circuit sets the Low-Voltage Detect
Interrupt Flag, LVDIF (IFS4<8>). This can be used to
generate an interrupt and put the application into a
low-power operational mode, or trigger an orderly
shutdown.

Low-Voltage Detection is only available when the
regulator is enabled.

FIGURE 24-1: CONNECTIONS FOR THE

ON-CHIP REGULATOR

Regulator Enabled (ENVREG tied to VDD):
3.3V

PIC24FJ256GA
VDD
ENVREG

N VDDCORE/VCAP

CEFC 1~ v
(10 uF typ) ss

Regulator Disabled (ENVREG tied to ground):

25vM 33y

PIC24FJ256GA
VDD
ENVREG

VDDCORE/VCAP

Vss

Regulator Disabled (VDD tied to VDDCORE):

2.5v(1

PIC24FJ256GA
VDD
ENVREG

VDDCORE/VCAP

Vss

Note 1: These are typical operating voltages. Refer
to Section 27.1 “DC Characteristics” for
the full operating ranges of VDD and
VDDCORE.

2422 ON-CHIP REGULATOR AND POR

When the voltage regulator is enabled, it takes approxi-
mately 500 us for it to generate output. During this time,
designated as TSTARTUP, code execution is disabled.
TSTARTUP is applied every time the device resumes
operation after any power-down, including Sleep mode.

If the regulator is disabled, a separate Power-up Timer
(PWRT) is automatically enabled. The PWRT adds a
fixed delay of 64 ms nominal delay at device start-up.

© 2008 Microchip Technology Inc.

Preliminary

DS39905B-page 239



PIC24FJ256GA110 FAMILY

2423 ON-CHIP REGULATOR AND BOR

When the on-chip regulator is  enabled,
PIC24FJ256GA110 family devices also have a simple
brown-out capability. If the voltage supplied to the reg-
ulator is inadequate to maintain the tracking level, the
regulator Reset circuitry will generate a Brown-out
Reset. This event is captured by the BOR flag bit
(RCON<1>). The brown-out voltage specifications are
provided in the “PIC24FJ Family Reference Manual’,
Section 7. “Reset” (DS39712).

2424 POWER-UP REQUIREMENTS

The on-chip regulator is designed to meet the power-up
requirements for the device. If the application does not
use the regulator, then strict power-up conditions must
be adhered to. While powering up, VDDCORE must
never exceed VDD by 0.3 volts.

Note: For more information, see Section 27.0
“Electrical Characteristics”.

2425  VOLTAGE REGULATOR STANDBY
MODE

When enabled, the on-chip regulator always consumes
a small incremental amount of current over IDD/IPD,
including when the device is in Sleep mode, even
though the core digital logic does not require power. To
provide additional savings in applications where power
resources are critical, the regulator automatically
disables itself whenever the device goes into Sleep
mode. This feature is controlled by the VREGS bit
(RCON<8>). By default, this bit is cleared, which
enables Standby mode. When waking up from Standby
mode, the regulator will require around 190 us to
wake-up. This extra time is needed to ensure that the
regulator can source enough current to power the
Flash memory.

For applications which require a faster wake-up time, it
is possible to disable regulator Standby mode. The
VREGS bit (RCON<8>) can be set to turn off Standby
mode so that the Flash stays powered when in Sleep
mode and the device can wake-up in 10 pus. When
VREGS is set, the power consumption while in Sleep
mode, will be approximately 40 pA higher than power
consumption when the regulator is allowed to enter
Standby mode.

24.3 Watchdog Timer (WDT)

For PIC24FJ256GA110 family devices, the WDT is
driven by the LPRC oscillator. When the WDT is
enabled, the clock source is also enabled.

The nominal WDT clock source from LPRC is 31 kHz.
This feeds a prescaler that can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the FWPSA Configuration bit.
With a 31 kHz input, the prescaler yields a nominal
WDT time-out period (TwDT) of 1 ms in 5-bit mode, or
4 ms in 7-bit mode.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPS3:WDTPS0
Configuration bits (CW1<3:0>), which allow the selec-
tion of a total of 16 settings, from 1:1 to 1:32,768. Using
the prescaler and postscaler, time-out periods ranging
from 1 ms to 131 seconds can be achieved.

The WDT, prescaler and postscaler are reset:

* On any device Reset

* On the completion of a clock switch, whether
invoked by software (i.e., setting the OSWEN bit
after changing the NOSC bits), or by hardware
(i.e., Fail-Safe Clock Monitor)

* When a PWRSAV instruction is executed
(i.e., Sleep or Idle mode is entered)

* When the device exits Sleep or Idle mode to
resume normal operation

* By a CLRWDT instruction during normal execution

If the WDT is enabled, it will continue to run during
Sleep or Idle modes. When the WDT time-out occurs,
the device will wake the device and code execution will
continue from where the PWRSAV instruction was exe-
cuted. The corresponding SLEEP or IDLE bits
(RCON<3:2>) will need to be cleared in software after
the device wakes up.

The WDT Flag bit, WDTO (RCON<4>), is not auto-
matically cleared following a WDT time-out. To detect
subsequent WDT events, the flag must be cleared in
software.

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.
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24.3.1 WINDOWED OPERATION

The Watchdog Timer has an optional fixed-window
mode of operation. In this Windowed mode, CLRWDT
instructions can only reset the WDT during the last 1/4
of the programmed WDT period. A CLRWDT instruction
executed before that window causes a WDT Reset,
similar to a WDT time-out.

Windowed WDT mode is enabled by programming the
WINDIS Configuration bit (CW1<6>) to ‘0’.

FIGURE 24-2: WDT BLOCK DIAGRAM

24.3.2 CONTROL REGISTER

The WDT is enabled or disabled by the FWDTEN
Configuration bit. When the FWDTEN Configuration bit
is set, the WDT is always enabled.

The WDT can be optionally controlled in software when
the FWDTEN Configuration bit has been programmed
to ‘0’. The WDT is enabled in software by setting the
SWDTEN control bit (RCON<5>). The SWDTEN
control bit is cleared on any device Reset. The software
WDT option allows the user to enable the WDT for
critical code segments and disable the WDT during
non-critical segments for maximum power savings.

WDTEN
|S:WDTEN @_4» LPRC Control

—_D—> Wake from Sleep

FWPSA
|
E Prescaler _ WDT
LPRC Input (5-bit/7-bit) | Counter

WDTPS3:WDTPSO
|
o | Postscaler [
" 1:1t0 1:32.768 >_qID—>WDT Overflow
Reset

31 kHz A 1 ms/4 ms

A

All Device Resets

Transition to

New Clock Source

Exit Sleep or

Idle Mode
CLRWDT Instr. i>

PWRSAV Instr.

Sleep or Idle Mode

24.4 Program Verification and
Code Protection

PIC24FJ256GA110 family devices provide two
complimentary methods to protect application code
from overwrites and erasures. These also help to
protect the device from inadvertent configuration
changes during run time.

24.41 GENERAL SEGMENT PROTECTION

For all devices in the PIC24FJ256GA110 family, the
on-chip program memory space is treated as a single
block, known as the General Segment (GS). Code pro-
tection for this block is controlled by one Configuration
bit, GCP. This bit inhibits external reads and writes to
the program memory space. It has no direct effect in
normal execution mode.

Write protection is controlled by the GWRP bit in the
Configuration Word. When GWRP is programmed to
‘0’, internal write and erase operations to program
memory are blocked.

2442 CODE SEGMENT PROTECTION

In addition to global General Segment protection, a
separate subrange of the program memory space can
be individually protected against writes and erases.
This area can be used for many purposes where a sep-
arate block of write and erase protected code is
needed, such as bootloader applications. Unlike
common boot block implementations, the specially pro-
tected segment in PIC24FJ256GA110 family devices
can be located by the user anywhere in the program
space, and configured in a wide range of sizes.

Code segment protection provides an added level of
protection to a designated area of program memory, by
disabling the NVM safety interlock whenever a write or
erase address falls within a specified range. They do
not override General Segment protection controlled by
the GCP or GWRP bits. For example, if GCP and
GWRP are enabled, enabling segmented code protec-
tion for the bottom half of program memory does not
undo General Segment protection for the top half.

© 2008 Microchip Technology Inc.

Preliminary

DS39905B-page 241



PIC24FJ256GA110 FAMILY

The size and type of protection for the segmented code
range are configured by the WPFPx, WPEND, WPCFG
and WPDIS bits in Configuration Word 3. Code seg-
ment protection is enabled by programming the WPDIS
bit (= 0). The WPFP bits specify the size of the segment
to be protected, by specifying the 512-word code page
that is the start or end of the protected segment. The
specified region is inclusive, therefore, this page will
also be protected.

The WPEND bit determines if the protected segment
uses the top or bottom of the program space as a
boundary. Programming WPEND (= 0) sets the bottom
of program memory (000000h) as the lower boundary
of the protected segment. Leaving WPEND unpro-
grammed (= 1) protects the specified page through the
last page of implemented program memory, including
the Configuration Word locations.

A separate bit, WPCFG, is used to independently pro-
tect the last page of program space, including the Flash
Configuration Words. Programming WPCFG (= 0) pro-
tects the last page regardless of the other bit settings.
This may be useful in circumstances where write pro-
tection is needed for both a code segment in the bottom
of memory, as well as the Flash Configuration Words.

The various options for segment code protection are
shown in Table 24-2.

2443 CONFIGURATION REGISTER

PROTECTION

The Configuration registers are protected against
inadvertent or unwanted changes or reads in two ways.
The primary protection method is the same as that of
the RP registers — shadow registers contain a compli-
mentary value which is constantly compared with the
actual value.

To safeguard against unpredictable events, Configura-
tion bit changes resulting from individual cell level
disruptions (such as ESD events) will cause a parity
error and trigger a device Reset.

The data for the Configuration registers is derived from
the Flash Configuration Words in program memory.
When the GCP bit is set, the source data for device
configuration is also protected as a consequence. Even
if General Segment protection is not enabled, the
device configuration can be protected by using the
appropriate code segment protection setting.

TABLE 24-2: SEGMENT CODE PROTECTION CONFIGURATION OPTIONS
Segment Configuration Bits
Write/Erase Protection of Code Segment
WPDIS | WPEND | WPCFG

1 X 1 No additional protection enabled; all program memory protection configured by
GCP and GWRP

1 X 0 Last code page protected, including Flash Configuration Words

0 1 0 Addresses from first address of code page defined by WPFP8:WPFPO through
end of implemented program memory (inclusive) protected, including Flash
Configuration Words

0 0 0 Address 000000h through last address of code page defined by WPFP8:WPFPO
(inclusive) protected

0 1 1 Addresses from first address of code page defined by WPFP8:WPFPO through
end of implemented program memory (inclusive) protected, including Flash
Configuration Words

0 0 1 Addresses from first address of code page defined by WPFP8:WPFPO through
end of implemented program memory (inclusive) protected
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24,5 JTAG Interface

PIC24FJ256GA110 family devices implement a JTAG
interface, which supports boundary scan device testing
as well as In-Circuit Serial Programming.

24.6 In-Circuit Serial Programming

P1C24FJ256 GA110 family microcontrollers can be seri-
ally programmed while in the end application circuit.
This is simply done with two lines for clock (PGECXx)
and data (PGEDx) and three other lines for power,
ground and the programming voltage. This allows cus-
tomers to manufacture boards with unprogrammed
devices and then program the microcontroller just
before shipping the product. This also allows the most
recent firmware or a custom firmware to be
programmed.

24.7 In-Circuit Debugger

When MPLAB® ICD 2 is selected as a debugger, the
in-circuit debugging functionality is enabled. This func-
tion allows simple debugging functions when used with
MPLAB IDE. Debugging functionality is controlled
through the PGECx (Emulation/Debug Clock) and
PGEDx (Emulation/Debug Data) pins.

To use the in-circuit debugger function of the device,
the design must implement ICSP connections to
MCLR, VDD, Vss and the PGECx/PGEDx pin pair des-
ignated by the ICS Configuration bits. In addition, when
the feature is enabled, some of the resources are not
available for general use. These resources include the
first 80 bytes of data RAM and two I/O pins.
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NOTES:
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25.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
* Integrated Development Environment
- MPLAB® IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C18 and MPLAB C30 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB ASM30 Assembler/Linker/Library
+ Simulators

- MPLAB SIM Software Simulator
» Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debugger

- MPLAB ICD 2
* Device Programmers

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer

- PICkit™ 2 Development Programmer

* Low-Cost Demonstration and Development
Boards and Evaluation Kits

251 MPLAB Integrated Development
Environment Software

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

- Simulator

- Programmer (sold separately)

- Emulator (sold separately)

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

« Customizable data windows with direct edit of
contents

» High-level source code debugging

« Visual device initializer for easy register
initialization

* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

» Extensive on-line help

* Integration of select third party tools, such as
HI-TECH Software C Compilers and IAR
C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

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

* Debug using:

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

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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25.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

+ Conditional assembly for multi-purpose
source files

+ Directives that allow complete control over the
assembly process

25.3 MPLAB C18 and MPLAB C30
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcontrol-
lers and the dsPIC30 and dsPIC33 family of digital sig-
nal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

25.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

» Enhanced code maintainability by grouping
related modules together

* Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

25.5 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
 Support for fixed-point and floating-point data
+ Command line interface

* Rich directive set

* Flexible macro language

* MPLAB IDE compatibility

25.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool.
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25.7 MPLAB ICE 2000
High-Performance
In-Circuit Emulator

The MPLAB ICE 2000 In-Circuit Emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC
microcontrollers. Software control of the MPLAB ICE
2000 In-Circuit Emulator is advanced by the MPLAB
Integrated Development Environment, which allows
editing, building, downloading and source debugging
from a single environment.

The MPLAB ICE 2000 is a full-featured emulator
system with enhanced trace, trigger and data monitor-
ing features. Interchangeable processor modules allow
the system to be easily reconfigured for emulation of
different processors. The architecture of the MPLAB
ICE 2000 In-Circuit Emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE 2000 In-Circuit Emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows® 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

25.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The MPLAB REAL ICE probe is connected to the design
engineer’s PC using a high-speed USB 2.0 interface and
is connected to the target with either a connector
compatible with the popular MPLAB ICD 2 system
(RJ11) or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

MPLAB REAL ICE is field upgradeable through future
firmware downloads in MPLAB IDE. In upcoming
releases of MPLAB IDE, new devices will be supported,
and new features will be added, such as software break-
points and assembly code trace. MPLAB REAL ICE
offers significant advantages over competitive emulators
including low-cost, full-speed emulation, real-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

259 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash PIC
MCUs and can be used to develop for these and other
PIC MCUs and dsPIC DSCs. The MPLAB ICD 2 utilizes
the in-circuit debugging capability built into the Flash
devices. This feature, along with Microchip’s In-Circuit
Serial Programming™ (ICSP™) protocol, offers cost-
effective, in-circuit Flash debugging from the graphical
user interface of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by setting breakpoints, single step-
ping and watching variables, and CPU STATUS and
peripheral registers. Running at full speed enables
testing hardware and applications in real time. MPLAB
ICD 2 also serves as a development programmer for
selected PIC devices.

25.10 MPLAB PM3 Device Programmer

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

The PICSTART Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.

25.12 PICKkit 2 Development Programmer

The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH’s PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.

25.13 Demonstration, Development and
Evaluation Boards

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

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

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

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

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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26.0 INSTRUCTION SET SUMMARY

Note: This chapter is a brief summary of the
PIC24F instruction set architecture, and is
not intended to be a comprehensive
reference source.

The PIC24F instruction set adds many enhancements
to the previous PIC® MCU instruction sets, while main-
taining an easy migration from previous PIC MCU
instruction sets. Most instructions are a single program
memory word. Only three instructions require two
program memory locations.

Each single-word instruction is a 24-bit word divided
into an 8-bit opcode, which specifies the instruction
type and one or more operands, which further specify
the operation of the instruction. The instruction set is
highly orthogonal and is grouped into four basic
categories:

* Word or byte-oriented operations
« Bit-oriented operations

« Literal operations

» Control operations

Table 26-1 shows the general symbols used in
describing the instructions. The PIC24F instruction set
summary in Table 26-2 lists all the instructions, along
with the status flags affected by each instruction.

Most word or byte-oriented W register instructions
(including barrel shift instructions) have three
operands:

» The first source operand which is typically a
register ‘Wb’ without any address modifier

* The second source operand which is typically a
register ‘Ws’ with or without an address modifier

» The destination of the result which is typically a
register ‘Wd’ with or without an address modifier

However, word or byte-oriented file register instructions
have two operands:

» The file register specified by the value ‘f’

* The destination, which could either be the file
register ‘¥’ or the WO register, which is denoted as
‘WREG’

Most bit-oriented instructions (including simple
rotate/shift instructions) have two operands:

* The W register (with or without an address
modifier) or file register (specified by the value of
‘Ws’ or f)

» The bit in the W register or file register
(specified by a literal value or indirectly by the
contents of register ‘Wb’)

The literal instructions that involve data movement may
use some of the following operands:

A literal value to be loaded into a W register or file
register (specified by the value of ‘k’)

» The W register or file register where the literal
value is to be loaded (specified by ‘Wb’ or f)

However, literal instructions that involve arithmetic or
logical operations use some of the following operands:

» The first source operand which is a register ‘Wb’
without any address modifier

» The second source operand which is a literal
value

» The destination of the result (only if not the same
as the first source operand) which is typically a
register ‘Wd’ with or without an address modifier

The control instructions may use some of the following
operands:

* A program memory address

* The mode of the table read and table write
instructions

All instructions are a single word, except for certain
double-word instructions, which were made
double-word instructions so that all the required infor-
mation is available in these 48 bits. In the second word,
the 8 MSbs are ‘0’s. If this second word is executed as
an instruction (by itself), it will execute as a NOP.

Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles, with the additional instruction cycle(s) executed
as a NOP. Notable exceptions are the BRA (uncondi-
tional/computed branch), indirect CALL/GOTO, all table
reads and writes, and RETURN/RETFIE instructions,
which are single-word instructions but take two or three
cycles.

Certain instructions that involve skipping over the sub-
sequent instruction require either two or three cycles if
the skip is performed, depending on whether the
instruction being skipped is a single-word or two-word
instruction. Moreover, double-word moves require two
cycles. The double-word instructions execute in two
instruction cycles.
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TABLE 26-1: SYMBOLS USED IN OPCODE DESCRIPTIONS

Field Description
#text Means literal defined by “text”
(text) Means “content of text”
[text] Means “the location addressed by text”
{} Optional field or operation
<n:m> Register bit field
.b Byte mode selection
.d Double-Word mode selection
.S Shadow register select
W Word mode selection (default)
bit4 4-bit bit selection field (used in word addressed instructions) € {0...15}
C,DC,N,QV, Z MCU Status bits: Carry, Digit Carry, Negative, Overflow, Sticky Zero
Expr Absolute address, label or expression (resolved by the linker)
f File register address € {0000h...1FFFh}
lit1 1-bit unsigned literal € {0,1}
lit4 4-bit unsigned literal € {0...15}
lits 5-bit unsigned literal € {0...31}
lit8 8-bit unsigned literal € {0...255}
lit10 10-bit unsigned literal € {0...255} for Byte mode, {0:1023} for Word mode
lit14 14-bit unsigned literal € {0...16384}
lit16 16-bit unsigned literal € {0...65535}
lit23 23-bit unsigned literal € {0...8388608}; LSB must be ‘0’
None Field does not require an entry, may be blank
PC Program Counter
Slit10 10-bit signed literal € {-512...511}
Slit16 16-bit signed literal € {-32768...32767}
Slit6 6-bit signed literal € {-16...16}
Wb Base W register € {W0..W15}
Wd Destination W register e { Wd, [Wd], [Wd++], [Wd--], [++W(d], [--Wd] }
Wdo Destination W register

{Wnd, [Wnd], [Wnd++], [Wnd--], [++Wnd], [--Wnd], [Wnd+Wb] }

Wm,Wn Dividend, Divisor working register pair (direct addressing)
Wn One of 16 working registers € {W0..W15}
Wnd One of 16 destination working registers € {W0..W15}
Wns One of 16 source working registers € {W0..W15}
WREG WO (working register used in file register instructions)
Ws Source W register € { Ws, [Ws], [Ws++], [Ws--], [++Ws], [--Ws] }
Wso Source W register € { Wns, [Wns], [Wns++], [Wns--], [++Wns], [--Wns], [Wns+Wb] }
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TABLE 26-2:

INSTRUCTION SET OVERVIEW

Mnemonie Assembly Syntax Description Words | Cycles | Affectod
ADD ADD f f=f+ WREG 1 1 C,DC, N, 0V, Z
ADD £, WREG WREG =f + WREG 1 1 C,DC,N, 0V, z
ADD #1it10,Wn Wd =1it10 + Wd 1 1 C,DC,N,0V, z
ADD Wb, Ws, Wd Wd =Wb + Ws 1 1 C,DC,N,0V,Z
ADD Wb, #1it5,Wd Wd = Wb + lits 1 1 C,DC,N, 0V, Z
ADDC ADDC £ f=f+WREG + (C) 1 1 C,DC,N, 0V, z
ADDC £, WREG WREG =f + WREG + (C) 1 1 C,DC,N, 0V, z
ADDC #1it10,Wn Wd =1it10 + Wd + (C) 1 1 C,DC,N,0V, z
ADDC Wb, Ws, Wd Wd =Wb + Ws + (C) 1 1 C,DC,N,0V, z
ADDC Wb, #1it5,Wd Wd = Wb + lits + (C) 1 1 C,DC,N, 0V, z
AND AND f f=f.AND. WREG 1 1 N, Z
AND £, WREG WREG = f .AND. WREG 1 1 N, Z
AND #1it10,Wn Wd =1it10 .AND. Wd 1 1 N, Z
AND Wb, Ws, Wd Wd = Wb .AND. Ws 1 1 N, Z
AND Wb, #1it5,Wd Wd = Wb .AND. lit5 1 1 N, Z
ASR ASR £ f = Arithmetic Right Shift 1 1 C,N,0v,z
ASR £, WREG WREG = Arithmetic Right Shift 1 1 C,N,0v,z
ASR Ws, Wd Wd = Arithmetic Right Shift Ws 1 1 C,N,0v,z
ASR Wb, Wns, Wnd Wnd = Arithmetic Right Shift Wb by Wns 1 1 N, Z
ASR Wb, #1it5, Wnd Wnd = Arithmetic Right Shift Wb by lit5 1 1 N, Z
BCLR BCLR £, #bit4d Bit Clear f 1 1 None
BCLR Ws, #bit4d Bit Clear Ws 1 1 None
BRA BRA C,Expr Branch if Carry 1 1(2) |None
BRA GE, Expr Branch if Greater than or Equal 1 1(2) |None
BRA GEU, Expr Branch if Unsigned Greater than or Equal 1 1(2) |None
BRA GT, Expr Branch if Greater than 1 1(2) |None
BRA GTU, Expr Branch if Unsigned Greater than 1 1(2) |None
BRA LE, Expr Branch if Less than or Equal 1 1(2) |None
BRA LEU, Expr Branch if Unsigned Less than or Equal 1 1(2) |None
BRA LT, Expr Branch if Less than 1 1(2) |None
BRA LTU, Expr Branch if Unsigned Less than 1 1(2) |None
BRA N, Expr Branch if Negative 1 1(2) |None
BRA NC, Expr Branch if Not Carry 1 1(2) |None
BRA NN, Expr Branch if Not Negative 1 1(2) |None
BRA NOV, Expr Branch if Not Overflow 1 1(2) |None
BRA NZ, Expr Branch if Not Zero 1 1(2) |None
BRA OV, Expr Branch if Overflow 1 1(2) |None
BRA Expr Branch Unconditionally 1 2 None
BRA Z,Expr Branch if Zero 1 1(2) |None
BRA Wn Computed Branch 1 2 None
BSET BSET £, #bit4 Bit Set f 1 1 None
BSET Ws, #bit4d Bit Set Ws 1 1 None
BSW BSW.C Ws, Wb Write C bit to Ws<Wb> 1 1 None
BSW.Z Ws, Wb Write Z bit to Ws<Wb> 1 1 None
BTG BTG £, #bit4d Bit Toggle f 1 1 None
BTG Ws, #bit4d Bit Toggle Ws 1 1 None
BTSC BTSC £, #bit4 Bit Test f, Skip if Clear 1 1 None
(2 0or3)
BTSC Ws, #bit4d Bit Test Ws, Skip if Clear 1 1 None
(20r3)
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TABLE 26-2:

INSTRUCTION SET OVERVIEW (CONTINUED)

Mnomonic Assembly Syntax Description Words | Cycles | Affectod
BTSS BTSS £, #bit4 Bit Test f, Skip if Set 1 1 None
(20r3)
BTSS Ws, #bit4d Bit Test Ws, Skip if Set 1 1 None
(2 0or3)
BTST BTST £, #bit4 Bit Test f 1 1 4
BTST.C Ws, #bit4d Bit Test Ws to C 1 1 C
BTST.Z Ws, #bit4d Bit Test Ws to Z 1 1 Z
BTST.C Ws, Wb Bit Test Ws<Wb>to C 1 1 C
BTST.Z Ws, Wb Bit Test Ws<Wb> to Z 1 1 VA
BTSTS BTSTS f,#bit4 Bit Test then Set f 1 1 VA
BTSTS.C Ws, #bit4 Bit Test Ws to C, then Set 1 1 C
BTSTS.Z Ws, #bit4 Bit Test Ws to Z, then Set 1 1 z
CALL CALL 1it23 Call Subroutine 2 2 None
CALL Wn Call Indirect Subroutine 1 2 None
CLR CLR £ f = 0x0000 1 1 None
CLR WREG WREG = 0x0000 1 1 None
CIR Ws Ws = 0x0000 1 1 None
CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO, Sleep
com com £ f=f 1 1 N, Z
coM £, WREG WREG = f 1 1 N,z
coM Ws, wd Wd = Ws 1 1 N,z
CP CcP f Compare f with WREG 1 1 C,DC,N, 0V, Z
cp Wb, #1it5 Compare Wb with lit5 1 1 C,DC,N, 0V, Z
cp Wb, Ws Compare Wb with Ws (Wb — Ws) 1 1 C,DC,N, 0V, z
CPO CPO £ Compare f with 0x0000 1 1 C,DC,N,0V,Z
CPO Ws Compare Ws with 0x0000 1 1 C,DC,N, 0V, Z
CPB CPB f Compare f with WREG, with Borrow 1 1 C,DC,N,0V, zZ
CPB Wb, #1it5 Compare Wb with lit5, with Borrow 1 1 C,DC,N, 0V, Z
CPB Wb, Ws Compare Wb with Ws, with Borrow 1 1 C,DC, N, 0V, Z
(Wb —Ws - C)
CPSEQ CPSEQ Wb, Wn Compare Wb with Wn, Skip if = 1 1 None
(20r3)
CPSGT CPSGT Wb, Wn Compare Wb with Wn, Skip if > 1 1 None
(20r3)
CPSLT CPSLT Wb, Wn Compare Wb with Wn, Skip if < 1 1 None
(2 0or3)
CPSNE CPSNE Wb, Wn Compare Wb with Wn, Skip if # 1 1 None
(20r3)
DAW DAW Wn Wn = Decimal Adjust Wn 1 1 C
DEC DEC £ f=f-1 1 1 C,DC,N,0V,Z
DEC £, WREG WREG =f -1 1 1 C,DC,N,0V,Z
DEC Ws, Wd Wd =Ws -1 1 1 C,DC,N,0V,Z
DEC2 DEC2 £ f=f-2 1 1 C,DC,N,0V,Z
DEC2 £, WREG WREG =f-2 1 1 C,DC,N,0V,Z
DEC2 Ws, Wd Wd =Ws -2 1 1 C,DC,N,0V,Z
DISI DISI #1itl4 Disable Interrupts for k Instruction Cycles 1 1 None
DIV DIV.SW Wm, Wn Signed 16/16-bit Integer Divide 1 18 N, Z,C, OV
DIV.SD Wm, Wn Signed 32/16-bit Integer Divide 1 18 N, Z,C, OV
DIV.UW Wm, Wn Unsigned 16/16-bit Integer Divide 1 18 N, Z,C, OV
DIV.UD Wm, Wn Unsigned 32/16-bit Integer Divide 1 18 N, Z,C, OV
EXCH EXCH Wns, Wnd Swap Wns with Wnd 1 1 None
FF1L FF1L Ws, Wnd Find First One from Left (MSb) Side 1 1 C
FF1R FF1R Ws, Wnd Find First One from Right (LSb) Side 1 1 C
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TABLE 26-2:

INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonie Assembly Syntax Description Words | Cycles | Affectod
GOTO GOTO Expr Go to Address 2 2 None
GOTO Wn Go to Indirect 1 2 None
INC INC £ f=f+1 1 1 C,DC,N,0V,Z
INC £, WREG WREG =f+1 1 1 C,DC,N,0V,Z
INC Ws, Wd Wd =Ws +1 1 1 C,DC,N,0V,Z
INC2 INC2 £ f=f+2 1 1 C,DC,N,0V,Z
INC2 £, WREG WREG =f+ 2 1 1 C,DC,N,0V,Z
INC2 Ws, Wd Wd =Ws + 2 1 1 C,DC,N,0V,Z
IOR IOR £ f=f.IOR. WREG 1 1 N, Z
IOR £, WREG WREG = f .IOR. WREG 1 1 N, Z
IOR #11t10,Wn Wd = 1it10 .IOR. Wd 1 1 N, Z
IOR Wb, Ws, Wd Wd = Wb .IOR. Ws 1 1 N, Z
IOR Wb, #1it5,Wd Wd = Wb .IOR. lit5 1 1 N, Z
LNK LNK #1itl4 Link Frame Pointer 1 1 None
LSR LSR £ f = Logical Right Shift f 1 1 C,N,0Vv,Z
LSR £, WREG WREG = Logical Right Shift f 1 1 C,N, 0V, Z
LSR Ws, Wd Wd = Logical Right Shift Ws 1 1 C,N,0v,Z
LSR Wb, Wns, Wnd Wnd = Logical Right Shift Wb by Wns 1 1 N, Z
LSR Wb, #1it5, Wnd Wnd = Logical Right Shift Wb by lit5 1 1 N, Z
MOV MOV £, Wn Move f to Wn 1 1 None
MOV [Wns+S1it10],Wnd Move [Wns+SIit10] to Wnd 1 1 None
MOV f Move fto f 1 1 N, Z
MOV f, WREG Move f to WREG 1 1 N, Z
MOV #1itl6,Wn Move 16-bit Literal to Wn 1 1 None
MOV.Db #1it8,Wn Move 8-bit Literal to Wn 1 1 None
MOV Wn, £ Move Wn to f 1 1 None
MOV Wns, [Wns+S1it10] Move Wns to [Wns+Slit10] 1 1
MOV Wso, Wdo Move Ws to Wd 1 1 None
MOV WREG, f Move WREG to f 1 1 N, Z
MOV.D Wns, Wd Move Double from W(ns):W(ns+1) to Wd 1 2 None
MOV.D Ws,Wnd Move Double from Ws to W(nd+1):W(nd) 1 2 None
MUL MUL.SS Wb, Ws, Wnd {Wnd+1, Wnd} = Signed(Wb) * Signed(Ws) 1 1 None
MUL. SU Wb, Ws, Wnd {Wnd+1, Wnd} = Signed(Wb) * Unsigned(Ws) 1 1 None
MUL.US Wb, Ws, Wnd {Wnd+1, Wnd} = Unsigned(Wb) * Signed(Ws) 1 1 None
MUL.UU Wb, Ws, Wnd {Wnd+1, Wnd} = Unsigned(Wb) * Unsigned(Ws) 1 1 None
MUL. SU Wb, #1it5, Wnd {Wnd+1, Wnd} = Signed(Wb) * Unsigned(lit5) 1 1 None
MUL.UU Wb, #1it5, Wnd {Wnd+1, Wnd} = Unsigned(Wb) * Unsigned(lit5) 1 1 None
MUL £ W3:W2 =f* WREG 1 1 None
NEG NEG £ f=f+1 1 1 |c,DC,N,0v,Z
NEG £, WREG WREG =+ 1 1 1 C,DC,N,0V,Z
NEG Ws, Wd Wd =Ws + 1 1 1 C,DC, N, 0V, Z
NOP NOP No Operation 1 1 None
NOPR No Operation 1 1 None
POP POP £ Pop f from Top-of-Stack (TOS) 1 1 None
POP Wdo Pop from Top-of-Stack (TOS) to Wdo 1 1 None
POP.D Wnd Pop from Top-of-Stack (TOS) to W(nd):W(nd+1) 1 2 None
POP.S Pop Shadow Registers 1 1 All
PUSH PUSH £ Push f to Top-of-Stack (TOS) 1 1 None
PUSH Wso Push Wso to Top-of-Stack (TOS) 1 1 None
PUSH.D Wns Push W(ns):W(ns+1) to Top-of-Stack (TOS) 1 2 None
PUSH.S Push Shadow Registers 1 1 None
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TABLE 26-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Mnomonic Assembly Syntax Description Words | Cyoles |~ Affectod
PWRSAV PWRSAV #1itl Go into Sleep or Idle mode 1 1 WDTO, Sleep
RCALL RCALL EXpr Relative Call 1 2 None

RCALL Wn Computed Call 1 2 None
REPEAT REPEAT #1it14 Repeat Next Instruction lit14 + 1 times 1 1 None
REPEAT Wn Repeat Next Instruction (Wn) + 1 times 1 1 None
RESET RESET Software Device Reset 1 1 None
RETFIE RETFIE Return from Interrupt 1 3(2) | None
RETLW RETLW #1it10,Wn Return with Literal in Wn 1 3(2) | None
RETURN RETURN Return from Subroutine 1 3(2) | None
RLC RLC £ f = Rotate Left through Carry f 1 1 C,N,Z
RLC f, WREG WREG = Rotate Left through Carry f 1 1 C,N,Z
RLC Ws, Wd Wd = Rotate Left through Carry Ws 1 1 C,N,Z
RLNC RLNC £ f = Rotate Left (No Carry) f 1 1 N, Z
RLNC £, WREG WREG = Rotate Left (No Carry) f 1 1 N, Z
RLNC Ws, Wd Wd = Rotate Left (No Carry) Ws 1 1 N, Z
RRC RRC £ f = Rotate Right through Carry f 1 1 C,N,z
RRC f, WREG WREG = Rotate Right through Carry f 1 1 C,N,Z
RRC Ws, Wd Wd = Rotate Right through Carry Ws 1 1 C,N,Z
RRNC RRNC £ f = Rotate Right (No Carry) f 1 1 N, Z
RRNC £, WREG WREG = Rotate Right (No Carry) f 1 1 N, Z
RRNC Ws, Wd Wd = Rotate Right (No Carry) Ws 1 1 N, Z
SE SE Ws, Wnd Wnd = Sign-Extended Ws 1 1 C,N,Z
SETM SETM £ f=FFFFh 1 1 None
SETM WREG WREG = FFFFh 1 1 None
SETM Ws Ws = FFFFh 1 1 None
SL SL £ f = Left Shift f 1 1 C,N,0v,z
SL £, WREG WREG = Left Shift f 1 1 C,N,0v,z
SL Ws, Wd Wd = Left Shift Ws 1 1 C,N,0v,z
SL Wb, Wns, Wnd Wnd = Left Shift Wb by Wns 1 1 N, Z
SL Wb, #1it5, Wnd Wnd = Left Shift Wb by lit5 1 1 N, Z
SUB SUB £ f=f-WREG 1 1 C,DC,N, 0V, Z
SUB £, WREG WREG = f- WREG 1 1 C,DC,N, 0V, z
SUB #1it10,Wn Wn = Wn - it10 1 1 C,DC,N, 0V, zZ
SUB Wb, Ws, Wd Wd =Wb - Ws 1 1 C,DC,N, 0V, Z
SUB Wb, #1it5,Wwd Wd = Wb - lits 1 1 C,DC,N, 0V, Z
SUBB SUBB £ f=f— WREG - (C) 1 1 C,DC,N,0V,Z
SUBB £, WREG WREG = f- WREG — (6) 1 1 C,DC,N, 0V, z
SUBB #1it10,Wn Wn=Wn—|it10—(6) 1 1 C,DC, N, 0V, Z
SUBB Wb, Ws, Wd Wd =Wb - Ws — (6) 1 1 C,DC, N, 0V, Z
SUBB Wo, #1it5,Wd wd =Wb—|it5—(6) 1 1 C,DC,N, 0V, Z
SUBR SUBR f f=WREG-f 1 1 C,DC, N, 0V, Z
SUBR £, WREG WREG = WREG - f 1 1 C,DC, N, 0V, Z
SUBR Wb, Ws, Wd Wd =Ws - Wb 1 1 C,DC,N,0V, Z
SUBR Wb, #1it5,Wd Wd = it5 — Wb 1 1 C,DC,N, 0V, Z
SUBBR SUBBR £ f=WREG-f- (6) 1 1 C,DC,N, 0V, z
SUBBR £, WREG WREG = WREG - f— (6) 1 1 C,DC,N, 0V, z
SUBBR Wb, Ws, Wd Wd =Ws - Wb — (6) 1 1 C,DC, N, 0V, Z
SUBBR Wb, #1it5,Wd Wwd = Iit5—Wb—(6) 1 1 C,DC, N, 0V, Z
SWAP SWAP.Db Wn Whn = Nibble Swap Wn 1 1 None
SWAP Wn Whn = Byte Swap Wn 1 1 None
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TABLE 26-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonie Assembly Syntax Description Words | Cyoles |~ Affectod
TBLRDH TBLRDH Ws, Wd Read Prog<23:16> to Wd<7:0> 1 2 None
TBLRDL TBLRDL Ws, Wd Read Prog<15:0> to Wd 1 2 None
TBLWTH TBLWTH Ws, Wd Write Ws<7:0> to Prog<23:16> 1 2 None
TBLWTL TBLWTL Ws, Wd Write Ws to Prog<15:0> 1 2 None
ULNK ULNK Unlink Frame Pointer 1 1 None
XOR XOR £ f=f.XOR. WREG 1 1 N, Z

XOR f, WREG WREG =f .XOR. WREG 1 1 N, Z
XOR #1it10,Wn Wd =1it10 .XOR. Wd 1 1 N, Z
XOR Wb, Ws, Wd Wd = Wb .XOR. Ws 1 1 N, Z
XOR Wob, #1it5, Wd Wd = Wb .XOR. lit5 1 1 N, Z
7ZE 7ZE Ws, Wnd Wnd = Zero-Extend Ws 1 1 C,Z,N
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NOTES:
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27.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of the PIC24FJ256GA110 family electrical characteristics. Additional information will
be provided in future revisions of this document as it becomes available.

Absolute maximum ratings for the PIC24FJ256GA110 family are listed below. Exposure to these maximum rating
conditions for extended periods may affect device reliability. Functional operation of the device at these, or any other
conditions above the parameters indicated in the operation listings of this specification, is not implied.

Absolute Maximum Ratings(?)

Ambient temperature UNAer DI@s..........coouiiiiiiii e -40°C to +100°C
SEOrage tEMPEIATUIE ... ..oeiiii ettt e et e e st s e e e -65°C to +150°C
Voltage on VDD With reSPECE t0 VSS ..ottt -0.3V to +4.0V
Voltage on any combined analog and digital pin and MCLR, with respect to VSS .........ccccocoun..... -0.3V to (VDD + 0.3V)
Voltage on any digital only pin With reSpect t0 VSS .......ooiiiiiiiii e -0.3V to +6.0V
Voltage on VDDCORE With reSPeCt t0 VSS ..o -0.3V to +3.0V
Maximum CUITENt OUL OF VSS PN ...t ettt e e e e e e et e e enee s 300 mA
Maximum current into VDD Pin (NOLE 1) .......ooiiiiiiiii et 250 mA
Maximum output current SUNK by @ny /O PiN.. ..o 25 mA
Maximum output current sourced by @any 1/0 PiN .......oo oo 25 mA
Maximum current SUNK DY @l POIS ...... .ot e et e e e sb e ee e e e stb e ee e e e aaees 200 mA
Maximum current sourced by all POrts (NOtE 1) .........ooo i 200 mA

Note 1: Maximum allowable current is a function of device maximum power dissipation (see Table 27-1).

TNOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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27.1 DC Characteristics

FIGURE 27-1: PIC24FJ256GA110 FAMILY VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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For frequencies between 16 MHz and 32 MHz, FMAX = (64 MHz/V) * (VDDCORE — 2V) + 16 MHz.

Note 1: When the voltage regulator is disabled, VDD and VDDCORE must be maintained so that
VDDCORE < VDD < 3.6V.

TABLE 27-1: THERMAL OPERATING CONDITIONS

Rating Symbol | Min Typ Max Unit
PIC24FJ256GA110 family:
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C

Power Dissipation:
Internal Chip Power Dissipation:
PINT = VDD x (IDD — X IOH) PD PINT + PI/O W
I/O Pin Power Dissipation:
Pr/o =% ({VDD - VOH} x IoH) + X (VOL x IOL)

Maximum Allowed Power Dissipation PDMAX (Ty = Ta)/BJA w

TABLE 27-2: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol | Typ Max Unit Notes
Package Thermal Resistance, 14x14x1 mm TQFP 0JA 50.0 — °C/W |(Note 1)
Package Thermal Resistance, 12x12x1 mm TQFP 0JA 69.4 — °C/W |(Note 1)
Package Thermal Resistance, 10x10x1 mm TQFP 0JA 76.6 — °C/W |(Note 1)

Note 1: Junction to ambient thermal resistance, Theta-JA (6JA) numbers are achieved by package simulations.
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TABL

E 27-3: DC CHARACTERISTICS: TEMPERATURE AND VOLTAGE SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)

Operating temperature ~ -40°C < TA < +85°C for Industrial

P:r:m Symbol Characteristic Min Typ“) Max Units Conditions
Operating Voltage
DC10 |[Supply Voltage
VDD 2.2 — 3.6 \% Regulator enabled
VDD VDDCORE — 3.6 \% Regulator disabled
VDDCORE 2.0 — 2.75 \Y, Regulator disabled
DC12 |VDR RAM Data Retention 1.5 — — \%
Voltage®
DC16 |VPOR VDD Start Voltage — Vss — \Y,
to Ensure Internal
Power-on Reset Signal
DC17 |SvbD VDD Rise Rate 0.05 — — V/ms [0-3.3Vin0.1s
to Ensure Internal 0-2.5V in 60 ms
Power-on Reset Signal
Note

1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only

and are not tested.

2: This is the limit to which VDD can be lowered without losing RAM data.
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TABLE 27-4: DC CHARACTERISTICS: OPERATING CURRENT (IpD)

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
Parameter | Typical® | Max Units Conditions

Operating Current (Ipp)(?
DC20 0.83 1.2 mA -40°C
DC20a 0.83 1.2 mA +25°C 2.0v®
DC20b 0.83 1.2 mA +85°C

1 MIPS
DC20d 1.1 1.6 mA -40°C
DC20e 1.1 1.6 mA +25°C 3.3v4
DC20f 1.1 1.6 mA +85°C
DC23 3.3 43 mA -40°C
DC23a 3.3 4.3 mA +25°C 2.0V
DC23b 3.3 43 mA +85°C

4 MIPS
DC23d 43 6.0 mA -40°C
DC23e 4.3 6.0 mA +25°C 3.3v4
DC23f 43 6.0 mA +85°C
DC24 18.2 24.0 mA -40°C
DC24a 18.2 24.0 mA +25°C 250
DC24b 18.2 24.0 mA +85°C

16 MIPS
DC24d 18.2 24.0 mA -40°C
DC24e 18.2 24.0 mA +25°C 3.3v4
DC24f 18.2 24.0 mA +85°C
DC31 15.0 20.0 pA -40°C
DC31a 15.0 20.0 pA +25°C 2.0v0
DC31b 20.0 26.0 pA +85°C

LPRC (31 kHz)
DC31d 57.0 75.0 pA -40°C
DC31e 57.0 75.0 pA +25°C 3.3v@
DC31f 95.0 124.0 pA +85°C
Note 1: Data in “Typical” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance
only and are not tested.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption. The test conditions for all IDD measurements are as follows: OSCI driven
with external square wave from rail to rail. All I/O pins are configured as inputs and pulled to VDD.

MCLR = VbD; WDT and FSCM are disabled. CPU, SRAM, program memory and data memory are
operational. No peripheral modules are operating and all of the Peripheral Module Disable (PMD) bits are set.

3:  On-chip voltage regulator disabled (ENVREG tied to Vss).

4: On-chip voltage regulator enabled (ENVREG tied to VDD), Low-Voltage Detect (LVD) and Brown-out

Detect (BOD) are enabled.
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TABLE 27-5: DC CHARACTERISTICS: IDLE CURRENT (lIDLE)

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
Pari\lr:eter Typical(1) Max Units Conditions
Idle Current (lIibLE)(2)
DC40 220 290 pA -40°C
DC40a 220 290 pA +25°C 2.0v®
DC40b 220 290 pA +85°C
1 MIPS
DC40d 300 390 pA -40°C
DC40e 300 390 pA +25°C 3.3v4
DC40f 320 420 pA +85°C
DC43 0.85 1.1 mA -40°C
DC43a 0.85 1.1 mA +25°C 2.0v®
DC43b 0.87 1.2 mA +85°C
4 MIPS
DC43d 1.1 14 mA -40°C
DC43e 1.1 14 mA +25°C 3.3v4
DC43f 1.1 14 mA +85°C
DC47 44 5.6 mA -40°C
DC47a 4.4 5.6 mA +25°C 2.5v(3)
DC47b 44 5.6 mA +85°C
16 MIPS
DC47c 44 5.6 mA -40°C
DC47d 44 5.6 mA +25°C 3.3v@
DC47e 44 5.6 mA +85°C
DC50 1.1 14 mA -40°C
DC50a 1.1 14 mA +25°C 2.0v®
DC50b 1.1 14 mA +85°C
FRC (4 MIPS)
DC50d 1.4 1.8 mA -40°C
DC50e 1.4 1.8 mA +25°C 3.3v@
DC50f 14 1.8 mA +85°C
DC51 4.3 6.0 pA -40°C
DC51a 45 6.0 pA +25°C 2.0v®
DC51b 7.2 25 pA +85°C
LPRC (31 kHz)
DC51d 38 50 pA -40°C
DC51e 44 60 pA +25°C 3.3v@
DC51f 70 110 pA +85°C

Note 1: Data in “Typical” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance

only and are not tested.

2: Base IIDLE current is measured with core off, OSCI driven with external square wave from rail to rail. All
1/0 pins are configured as inputs and pulled to Vbb. MCLR = VbD; WDT and FSCM are disabled. No
peripheral modules are operating and all of the Peripheral Module Disable (PMD) bits are set.

3:  On-chip voltage regulator disabled (ENVREG tied to Vss).

4: On-chip voltage regulator enabled (ENVREG tied to VDD), Low-Voltage Detect (LVD) and Brown-out
Detect (BOD) are enabled.
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TABLE 27-6:

DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

DC CHARACTERISTICS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
-40°C < TA < +85°C for Industrial

Operating temperature

Par:rcr:eter Typical(1) Max Units Conditions
Power-Down Current (Ipp)?)
DC60 0.1 1.0 pA -40°C
DC60a 0.15 1.0 pA +25°C 2.0v0
DC60b 3.7 18.0 pA +85°C
DC60c 0.2 1.3 pA -40°C
DC60d 0.25 1.3 pA +25°C 2.5V | Base Power-Down Current(®
DC60e 4.2 27.0 pA +85°C
DC60f 3.6 9.0 pA -40°C
DC60g 4.0 10.0 pA +25°C 3.3v4
DC60h 11.0 36.0 pA +85°C
DC61 1.75 3 pA -40°C
DC61a 1.75 3 pA +25°C 2.0v0
DC61b 1.75 3 pA +85°C
DC61c 24 4 pA -40°C
DC61d 24 4 pA +25°C 2.5V | Watchdog Timer Current: AlwpT(®
DC61e 24 4 pA +85°C
DC61f 238 5 pA -40°C
DC61g 2.8 5 pA +25°C 3.3v4
DC61h 238 5 pA +85°C
DC62 25 7.0 pA -40°C
DC62a 25 7.0 pA +25°C 2.0v0
DC62b 3.0 7.0 pA +85°C
DC62¢c 238 7.0 pA -40°C RTCC + Timert w/32 Ktz Crstal
DC62d 3.0 7.0 WA +25°C | 25V@ | el e
DC62e 3.0 7.0 pA +85°C
DC62f 3.5 10.0 pA -40°C
DC62g 35 10.0 pA +25°C 3.3v4
DC62h 4.0 10.0 pA +85°C

Note 1: Data in the Typical column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance
only and are not tested.

2: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and
pulled high. WDT, etc., are all switched off, and the Peripheral Module Disable (PMD) bits for all unused

peripherals are set.

3:  On-chip voltage regulator disabled (ENVREG tied to Vss).
4: On-chip voltage regulator enabled (ENVREG tied to VDD), Low-Voltage Detect (LVD) and Brown-out

Detect (BOD) are enabled.

5: The A current is the additional current consumed when the module is enabled. This current should be

added to the base IPD current.
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TABLE 27-7:

DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise

stated)
Operating temperature

-40°C < TA £ +85°C for Industrial

Par‘;'zm Sym Characteristic Min Typ(" Max Units Conditions
VIL  |Input Low Voltage®®
DI10 I/O Pins with ST Buffer Vss — 0.2 VbD \Y,
DI11 I/O Pins with TTL Buffer Vss — |0.15VDD \Y
DI15 MCLR Vss — 0.2 VbD \Y,
DI16 OSC1 (XT mode) Vss — 0.2 VbD \Y,
D17 OSC1 (HS mode) Vss — 0.2 VDD \Y
DI18 /0 Pins with 2C™ Buffer Vss — 0.3 VDD \Y,
DI19 I/O Pins with SMBus Buffer Vss — 0.8 \% SMBus enabled
VIH | Input High Voltage®
DI20 I/O Pins with ST Buffer:
with Analog Functions 0.8 VbD — VDD \
Digital Only 0.8 VDD — 5.5 \Y
DI21 I/O Pins with TTL buffer:
with Analog Functions 025VbD+0.8| — VDD \
Digital Only 025VbD+0.8| — 5.5 \Y
DI25 MCLR 0.8 VbD — VDD \Y,
DI26 OSC1 (XT mode) 0.7 VDD — VDD \Y
DI27 OSC1 (HS mode) 0.7 VDD — VDD \Y
DI28 I/O Pins with 12C Buffer:
with Analog Functions 0.7 VpbD — VDD \
Digital Only 0.7 VDD — 5.5 \Y
DI29 I/O Pins with SMBus Buffer: 2.5V < VPIN £VDD
with Analog Functions 21 VDD \%
Digital Only 21 5.5 \Y
DI30 |IcNPU | CNxx Pull-up Current 50 250 400 pA | VDD = 3.3V, VPIN = Vss
IiL Input Leakage Current(23)
DI50 I/0 Ports — — +1 pA | VSs < VPIN < VDD,
Pin at high-impedance
D151 Analog Input Pins — — +1 pA | VsSs < VPIN < VDD,
Pin at high-impedance
DI55 MCLR — — +1 pA | VSS < VPIN < VDD
DI56 OSC1 — — +1 pA | VSs <VPIN < VDD,
XT and HS modes
Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.

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

3: Negative current is defined as current sourced by the pin.

4: Refer to Table 1-4 for I/O pins buffer types.
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TABLE 27-8: DC CHARACTERISTICS: I/O PIN OUTPUT SPECIFICATIONS
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated
DC CHARACTERISTICS Operating t:mperat%re -40°C<TA< +85°C(for Industrial )
Par‘:'zm Sym Characteristic Min Typ(1) Max | Units Conditions
VoL Output Low Voltage
DO10 I/O Ports — — 0.4 V  |loL=8.5mA, VDD = 3.6V
— — 0.4 V  |loL=6.0 mA, VDD = 2.0V
DO16 OSC2/CLKO — — 0.4 V  |loL=8.5mA, VDD = 3.6V
— — 0.4 V  |loL=6.0 mA, VDD = 2.0V
VOoH Output High Voltage
D020 1/0 Ports 3.0 — — \Y IoH = -3.0 mA, VDD = 3.6V
24 — — V  |loH =-6.0 mA, VDD = 3.6V
1.65 — — V  |loH =-1.0 mA, VDD = 2.0V
1.4 — — V  |loH =-3.0 mA, VDD = 2.0V
DO26 OSC2/CLKO 24 — — V  |loH =-6.0 mA, VDD = 3.6V
1.4 — — V  |loH =-3.0 mA, VDD = 2.0V
Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only

and are not tested.

TABLE 27-9: DC CHARACTERISTICS: PROGRAM MEMORY
Standard Operating Conditions: 2.0V to 3.6V
DC CHARACTERISTICS (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for Industrial
Pilr:m Sym Characteristic Min Typ“) Max | Units Conditions
Program Flash Memory
D130 [EP Cell Endurance 10000 — — E/W |-40°C to +85°C
D131 |VPR |VDD for Read VMIN — 3.6 V  |VMIN = Minimum operating voltage
D132B |VPeEw |VDD for Self-Timed Write 2.25 — 3.6 V  |VMIN = Minimum operating voltage
D133A |Tiw  |Self-Timed Write Cycle Time — 3 — ms
D133B |TIE Self-Timed Page Erase Time| 40 — — ms
D134 |TReTD |Characteristic Retention 20 — — Year |Provided no other specifications are
violated
D135 |IpopP |Supply Current during — 7 — mA
Programming
Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated.
TABLE 27-10: INTERNAL VOLTAGE REGULATOR SPECIFICATIONS
Operating Conditions: -40°C < TAa < +85°C (unless otherwise stated)
P;‘:m Symbol Characteristics Min | Typ | Max | Units Comments
VRGOUT | Regulator Output Voltage — 25 — \%
CEFC External Filter Capacitor Value | 4.7 10 — uF | Series resistance < 3 Ohm
recommended; < 5 Ohm required.
TVREG — 50 — ps | ENVRERG tied to VDD
TPWRT — 64 — ms | ENVREG tied to Vss
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27.2 AC Characteristics and Timing Parameters

The information contained in this section defines the PIC24FJ256GA110 family AC characteristics and timing parameters.

TABLE 27-11: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

AC CHARACTERISTICS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for Industrial
Operating voltage VDD range as described in Section 27.1 “DC Characteristics”.

FIGURE 27-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load Condition 1 — for all pins except OSCO Load Condition 2 — for OSCO
VDD/2
RL Pin T CL
Vss
CL

Pin _T_ RL

464Q
50 pF for all pins except OSCO
15 pF for OSCO output

Vss CL

TABLE 27-12: CAPACITIVE LOADING REQUIREMENTS ON OUTPUT PINS

Pa";'zm Symbol Characteristic Min Typ(| Max | Units Conditions

DO50 |Cosc2 |OSCO/CLKO pin — — 15 pF |In XT and HS modes when
external clock is used to drive
OSCl.

DO56 |Cio All I/O pins and OSCO — — 50 pF |EC mode.

DO58 |Cs SCLx, SDAX — — | 400 | pF [In1?’C™ mode.

Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
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FIGURE 27-3: EXTERNAL CLOCK TIMING

Q4 Q1 ; Q2 Q3 Q@ Q1 Q2 Q3: Q4 Q1 . Q2 : Q3

OSCl

| le—0S20—» L e

0S30 0S30 0S31 0S31

-—— 0S25 4>

— = 0S40 0S41—, ~—

TABLE 27-13: EXTERNAL CLOCK TIMING REQUIREMENTS

Standard Operating Conditions: 2.50 to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
Pilr:m Sym Characteristic Min Typ(" Max Units Conditions
0S10 [Fosc |External CLKI Frequency DC — 32 MHz |EC
(external clocks allowed 4 — 8 MHz |ECPLL
only in EC mode)
Oscillator Frequency 3 — 10 MHz | XT
— 8 MHz |XTPLL
10 — 32 MHz [HS
31 — 33 kHz |SOSC
0S20 |Tosc |Tosc = 1/Fosc — — — —  |See parameter OS10
for Fosc value
0S25 |Tey |Instruction Cycle Time(?) 62.5 — DC ns
0OS30 |TosL, |External Clock in (OSCI) 0.45 x Tosc — — ns EC
TosH |High or Low Time
0S31 |TosR, |External Clock in (OSCI) — — 20 ns EC
TosF |Rise or Fall Time
0S40 |TckR |CLKO Rise Time(®) — 6 10 ns
0S41 |TckF |CLKO Fall Time(®) — 6 10 ns

Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.

2: Instruction cycle period (TCY) equals two times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at “Min.” values with an
external clock applied to the OSCI/CLKI pin. When an external clock input is used, the “Max.” cycle time
limit is “DC” (no clock) for all devices.

3: Measurements are taken in EC mode. The CLKO signal is measured on the OSCO pin. CLKO is low for
the Q1-Q2 period (1/2 Tcy) and high for the Q3-Q4 period (1/2 Tcy).
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TABLE 27-14: PLL CLOCK TIMING SPECIFICATIONS (VDD = 2.0V TO 3.6V)

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
Pilrgm Sym Characteristic(! Min Typ@ Max Units Conditions
0S50 [FPLLI |PLL Input Frequency 4 — 8 MHz |ECPLL, HSPLL, XTPLL
Range(z) modes
0S51 |Fsys |PLL Output Frequency 16 — 32 MHz
Range
0S52 |[TrLock |PLL Start-up Time — — 2 ms
(Lock Time)
0S53 |DcLk |CLKO Stability (Jitter) -2 1 +2 %

Note 1: These parameters are characterized but not tested in manufacturing.

2: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.

TABLE 27-15: AC CHARACTERISTICS: INTERNAL RC ACCURACY

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)

AC CHARACTERISTICS Operating temperature ~ -40°C < TA < +85°C for Industrial

Pilrgm Characteristic Min Typ Max | Units Conditions
Internal FRC Accuracy @ 8 MHz(")
F20 FRC -2 — 2 % +25°C 3.0V < VDD < 3.6V
-5 — 5 % -40°C < TA<+85°C | 3.0V <VDD<3.6V

Note 1: Frequency calibrated at 25°C and 3.3V. OSCTUN bits can be used to compensate for temperature drift.

TABLE 27-16: INTERNAL RC ACCURACY

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for Industrial

AC CHARACTERISTICS

Param

No Characteristic Min Typ Max | Units Conditions

LPRC @ 31 kHz("
F21 | 20 | — | 20 [ % | -40°C<Ta<+85°C [ 3.0V <VDD<3.6V
Note 1: Change of LPRC frequency as VDD changes.
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FIGURE 27-4: CLKO AND I/0 TIMING CHARACTERISTICS

/0 Pin >< ><

(Input) ; ;

.~ DI35
DI40

l(/(())uﬁ)izt) Old Value X New Value

—. = DO31
D032

Note: Refer to Figure 27-2 for load conditions.

TABLE 27-17: CLKO AND I/O TIMING REQUIREMENTS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)

AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
P:r;)m Sym Characteristic Min Typ“) Max Units Conditions
DO31 |TioR |Port Output Rise Time — 10 25 ns
D032 |TioF |Port Output Fall Time — 10 25 ns
DI35 TINP | INTX pin High or Low 20 — — ns

Time (output)
DI40 TRBP | CNx High or Low Time 2 — — Tey

(input)

Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated.
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TABLE 27-18: ADC MODULE SPECIFICATIONS

Standard Operating Conditions: 2.0V to 3.6V

AC CHARACTERISTICS (unless otherwise stated)
Operating temperature -40°C < TA<+85°C
Pi{gm Symbol Characteristic Min. Typ Max. Units Conditions
Device Supply
ADO1 |AVDD Module VDD Supply Greater of — Lesser of \%
VoD - 0.3 VoD +0.3
or2.0 or 3.6
ADO2 |AvVss Module Vss Supply Vss—-0.3 — Vss +0.3 \Y
Reference Inputs
ADO5 | VREFH Reference Voltage High AVss+1.7| — AVDD \Y,
ADO6 | VREFL Reference Voltage Low AVss — |AVDD-1.7 \%
ADO7 |VREF Absolute Reference Avss-03| — |AvDD+03| V
Voltage
Analog Input
AD10 | VINH-VINL | Full-Scale Input Span VREFL — VREFH \Y, (Note 2)
AD11 |VIN Absolute Input Voltage AVss-03| — |AVDD+0.3 \% —
AD12 |VINL Absolute VINL Input AVss - 0.3 AVDD/2 \Y,
Voltage
AD17 |RIN Recommended Impedance — — 25K Q 10-bit
of Analog Voltage Source
ADC Accuracy
AD20b | Nr Resolution — 10 — bits
AD21b | INL Integral Nonlinearity — +1 <+2 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3V
AD22b | DNL Differential Nonlinearity — 0.5 <+1 LSb |VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 3V
AD23b | GERR Gain Error — +1 +3 LSb |VINL = AVsSs = VREFL =0V,
AVDD = VREFH = 3V
AD24b | EOFF Offset Error — +1 12 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3V
AD25b | — Monotonicitym — — — — | Guaranteed
Note 1: The ADC conversion result never decreases with an increase in the input voltage and has no missing codes.

2: Measurements taken with external VREF+ and VREF- used as the ADC voltage reference.
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TABLE 27-19: ADC CONVERSION TIMING REQUIREMENTS(")

Standard Operating Conditions: 2.0V to 3.6V
AC CHARACTERISTICS (unless otherwise stated)
Operating temperature  -40°C < TA<+85°C
P:{:m Symbol Characteristic Min. Typ Max. Units Conditions
Clock Parameters
AD50 |TaD ADC Clock Period 75 — — ns Tcy =75 ns, AD1CON3
in default state
AD51 [tRC ADC Internal RC Oscillator — 250 — ns
Period
Conversion Rate
AD55 |tCONV Conversion Time — 12 — TAD
AD56 |FcNv Throughput Rate — — 500 ksps |AVDD > 2.7V
AD57 |tsAmP Sample Time — 1 — TAD
Clock Parameters
AD61 |tPss Sample Start Delay from setting 2 — 3 TAD
Sample bit (SAMP)
Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity

performance, especially at elevated temperatures.
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

64-Lead TQFP (10x10x1 mm) Example
MICROCHIP MICROCHIP
XXXXXXXXXX PIC24FJ256
XXXXXXXXXX GA106-I/
XXXXXXXXXX PT@
O YYWWNNN O 0820017
80-Lead TQFP (12x12x1 mm) Example
MICROCHIP MICROCHIP
XXXXXXXXXXXX PIC24FJ256GA
XXXXXXXXXXXX 108-1/PT €3
YYWWNNN 0820017
O O
100-Lead TQFP (12x12x1 mm) Example
MICROCHIP MICROCHIP
XXXXXXXXXXXX PIC24FJ256GA
XOXXXXXXXXXXX 110-1/PT@3
YYWWNNN 0820017
O O
100-Lead TQFP (14x14x1 mm) Example
MICROCHIP MICROCHIP
XXXXXXXXXXXX PIC24FJ256GA
XXXXXXXXXXXX 110-1/PF@©3
YYWWNNN 0820017
O O

Legend: XX..X Customer-specific information

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

Ww Week code (week of January 1 is week ‘01’)

NNN Alphanumeric traceability code

@ Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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28.2 Package Details
The following sections give the technical details of the packages.
64-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D
D1
anmaoaoommannoon
= =
Jf% = E
=N =
I -
b AR AR
NOTE 1 123 NOTE 2

AR A2

A1—
~—— L1
Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 64
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [0} 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:

1.
2. Chamfers at corners are optional; size may vary.
3.

4. Dimensioning and tolerancing per ASME Y14.5M.

Pin 1 visual index feature may vary, but must be located within the hatched area.
Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-085B
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64-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

- JOOoounnonnn——
| = ® =
= = |
% /7SILKSCREEN %

<

S | 1 A
S| SR | S

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits MIN [ Nom [ MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 1.50
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2085A
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80-Lead Plastic Thin Quad Flatpack (PT) — 12x12x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D
D1
[00000NNNAAQAAAANAND
= =
. = | c
T E =
bj NN \\\ —

B A1
=— L1
Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 80
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [} 0° 3.5° 7°
Overall Width E 14.00 BSC
Overall Length D 14.00 BSC
Molded Package Width E1 12.00 BSC
Molded Package Length D1 12.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom § 11° 12° 13°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-092B
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80-Lead Plastic Thin Quad Flatpack (PT) — 12x12x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

C1
LI
— ——
* — . —
i S | —
B U S— —
_f — —
G — —
— —
— —
— —
— — c2
— —
— —
— —
— —
— —
— —
— —
— / —
- LI
" |—— X1 —| |- E
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN__ | NOM | MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 13.40
Contact Pad Spacing C2 13.40
Contact Pad Width (X80) X1 0.30
Contact Pad Length (X80) Y1 1.50
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2092A
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100-Lead Plastic Thin Quad Flatpack (PT) — 12x12x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

@)

D1

QT anRnnnAN T TARARAND

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Leads N 100
Lead Pitch e 0.40 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° 3.5° 7°
Overall Width E 14.00 BSC
Overall Length D 14.00 BSC
Molded Package Width E1 12.00 BSC
Molded Package Length D1 12.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.13 0.18 0.23
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-100B
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100-Lead Plastic Thin Quad Flatpack (PT) — 12x12x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
C1
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L X1 " L E
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.40 BSC
Contact Pad Spacing C1 13.40
Contact Pad Spacing C2 13.40
Contact Pad Width (X100) X1 0.20
Contact Pad Length (X100) Y1 1.50
Distance Between Pads G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2100A
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100-Lead Plastic Thin Quad Flatpack (PF) — 14x14x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 100
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° 3.5° 7°
Overall Width E 16.00 BSC
Overall Length D 16.00 BSC
Molded Package Width E1 14.00 BSC
Molded Package Length D1 14.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-110B
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100-Lead Plastic Thin Quad Flatpack (PF) — 14x14x1 mm Body, 2.00 mm [TQFP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

Notes:
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RECOMMENDED LAND PATTERN

F

Units MILLIMETERS

Dimension Limits MIN | NOM

MAX

Contact Pitch

E 0.50 BSC

Contact Pad Spacing C1 15.40

Contact Pad Spacing C2 15.40

Contact Pad Width (X100) X1

0.30

Contact Pad Length (X100) Y1

1.50

Distance Between Pads G 0.20

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2110A
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APPENDIX A: REVISION HISTORY

Revision A (December 2007)

Original data sheet for the PIC24FJ256GA 110 family of
devices.

Revision B (February 2008)

Updates to Section 27.0 “Electrical Characteristics”
and minor edits to text throughout document.
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Setup EXamPIe .....oovvieiiiiiiieiee e 209
User Interface ..........oooviiiiiiiiieeceee e 210
CTMU
Measuring Capacitance.........cccoceevviieeiiiiieeniieecs 229
Measuring TiMe.......ccoociiiiiiiieeceee e 230
Pulse Delay and Generation..............ccceevueiieenncenns 230
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

+ Technical Support

» Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like areply? Y N

Device: PIC24FJ256GA110 Family Literature Number: DS39905B
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

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

PIC24FJ 256 GA1 10T -1/PT - XXX Examples:
a) PIC24FJ128GA106-I/PT:
Microchip Trademark General purpose PIC24F, 128-Kbyte program

memory, 64-pin, Industrial temp., TQFP package.
b)  PIC24FJ256GA110-I/PT:

Flash Memory Family General purpose PIC24F, 256-Kbyte program
memory, 100-pin, Industrial temp., TQFP package.

Architecture

Program Memory Size (KB)

Product Group

Pin Count

Tape and Reel Flag (if applicable)

Temperature Range

Package
Pattern
Architecture 24 = 16-bit modified Harvard without DSP
Flash Memory Family FJ = Flash program memory
Product Group GA1 = General purpose microcontrollers
Pin Count 06 = 64-pin
08 = 80-pin
10 = 100-pin
Temperature Range | = -40°C to +85°C (Industrial)
Package PF = 100-lead (14x14x1 mm) TQFP (Thin Quad Flatpack)
PT = 64-lead, 80-lead, 100-lead (12x12x1 mm)
TQFP (Thin Quad Flatpack)
Pattern Three-digit QTP, SQTP, Code or Special Requirements
(blank otherwise)
ES = Engineering Sample
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WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://support.microchip.com
Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470

China - Qingdao
Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-4182-8400
Fax: 91-80-4182-8422

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459

Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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