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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

16-Bit

32MHz

12C, PMP, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
85

192KB (65.5K x 24)

FLASH

16K x 8

2V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-TQFP

100-TQFP (12x12)
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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MICROCHIP

PIC24FJ256GA110 FAMILY

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

Power Management:

* On-Chip 2.5V Voltage Regulator

» Switch between Clock Sources in Real Time

« |dle, 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 12C™ modules support Multi-Master/Slave modes

and 7-Bit/10-Bit Addressing

Four UART modules:

- Supports RS-485, RS-232, LIN/J2602 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
§ ’g = = — ® g g o
PIC24FJ @ 58| 2 s @ | 2 |s3| & : e | B2 2|2
Device a ? g ; Y E ; E g 3 é o “L‘—) -?::‘ é g 5 5
e | £ |g%| 3| 2|8z |° 21| ®
s 0 & E § O E % =
64GA106 64 64K 16K 31 5 9 9 4 3 3 16 3 Y Y Y
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
64GA108 80 64K 16K 42 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
64GA110 100 64K 16K 46 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

Pin Diagram (100-Pin TQFP)
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Legend: Shaded pins indicate pins tolerant to up to +5.5 VDC.
RPn represents remappable pins for Peripheral Pin Select (PPS) feature.

RP22/CN52/PMBE/RD3

RP23/CN51/RD2
RP24/CN50/RD1

RPI43/CN20/RD14

RP5/CN21/RD15

RP10/CN17/PMA9/RF4
RP17/CN18/PMA8/RF5

Vss

SOSCO/C3INC/
RPI37/T1CK/CNO/RC14

SOSCI/C3IND/CN1/RC13
RP11/CN49/RDO
RP12/CN56/PMCS1/RD11
RP3/CN55/PMCS2/RD10
RP4/CN54/RD9
RTCC/RP2/CN53/RD8
ASDA2/RPI35/CN44/RA15
ASCL2/RPI36/CN43/RA14
Vss
OSCO/CLKO/CN22/RC15
OSCI/CLKI/CN23/RC12
VDD

TDO/CN38/RA5
TDI/CN37/RA4
SDA2/CN36/RA3
SCL2/CN35/RA2
SCL1/CN83/RG2
SDA1/CN84/RG3
ASCK1/RPI45/INTO/CN72/RF6
RPI44/CN73/RF7
RP15/CN74/RF8
RP30/CN70/RF2
RP16/CN71/RF3
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PIC24FJ256GA110 FAMILY

TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP, QFN 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 o — CTMU Pulse Output.
CVREF 23 29 34 (0] — Comparator Voltage Reference Output.
ENVREG 57 7 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.
OSCO 40 50 64 (0] ANA | Main Oscillator Output Connection.
PGEC1 15 19 24 1/0 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 44 110 ST Parallel Master Port Address Bit O 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 0 — | modes).
PMA4 5 1 o —
PMA5 4 10 o} —
PMAG 16 24 29 (0] —
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 (0] —
PMCS1 45 57 71 I/0 ST/TTL | Parallel Master Port Chip Select 1 Strobe/Address Bit 15.
PMCS2 44 56 70 O 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 I/0 ST/TTL
PMD3 63 79 99 110 ST/TTL
PMD4 64 80 100 110 ST/TTL
PMD5 1 1 3 110 ST/TTL
PMD6 2 4 I/0 ST/TTL
PMD7 3 5 I/0 ST/TTL
PMRD 53 67 82 (0] — Parallel Master Port Read Strobe.
PMWR 52 66 81 (0] — 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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PIC24FJ256GA110 FAMILY

TABLE 1-4: PIC24FJ256GA110 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
Pin Number
Function 64-Pin 80-Pin 100-Pin /10 Input Description
Buffer
TQFP, QFN TQFP TQFP
RAO — — 17 I/0 ST PORTA Digital 1/0.
RA1 — — 38 110 ST
RA2 — — 58 110 ST
RA3 — — 59 110 ST
RA4 — — 60 110 ST
RA5 — — 61 110 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 I/0 ST
RB12 27 33 41 I/0 ST
RB13 28 34 42 I/10 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 I/0 ST
RC4 — — 9 I/0 ST
RC12 39 49 63 110 ST
RC13 47 59 73 110 ST
RC14 48 60 74 110 ST
RC15 40 50 64 I/0 ST
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

[2C™ = 12C/SMBus input buffer

© 2010 Microchip Technology Inc.
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PIC24FJ256GA110 FAMILY

REGISTER 7-6: 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 INT2IF T5IF T4IF OC4IF OC3IF —

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
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 TA4IF: 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 IC71F: 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

© 2010 Microchip Technology Inc. DS39905E-page 79



PIC24FJ256GA110 FAMILY

REGISTER 7-26:

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
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3-0

Unimplemented: Read as ‘0’

IC5IP<2:0>: 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
Unimplemented: Read as ‘0’

IC41P<2:0>: 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
Unimplemented: Read as ‘0’

IC3IP<2:0>: 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
Unimplemented: Read as ‘0’
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PIC24FJ256GA110 FAMILY

REGISTER 7-29:

IPC12: INTERRUPT PRIORITY CONTROL REGISTER 12

u-0 u-0 u-0 u-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — MI2C2IP2 MI2C2IP1 MI2C2IP0O
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— SI2C2IP2 SI2C2IP1 SI2C2IP0 — — — —
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 MI2C2IP<2:0>: Master 12C2 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 SI2C2IP<2:0>: Slave 12C2 Event 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’

© 2010 Microchip Technology Inc.
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PIC24FJ256GA110 FAMILY

REGISTER 7-37:

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 SPF3IP0
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’

SPI3IP<2:0>: 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’

SPF3IP<2:0>: 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’

U4TXIP<2:0>: 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’

U4RXIP<2:0>: 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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PIC24FJ256GA110 FAMILY

REGISTER 8-3: OSCTUN: FRC OSCILLATOR TUNE REGISTER
u-0 uU-0 uU-0 uU-0 uU-0 U-0 U-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® TUN3® TUN2W TUN1®D 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 TUN<5:0>: 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 TUN<5:0> may not change the FRC frequency in equal steps over the FRC

tuning range and may not be monotonic.

8.4 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.

8.4.1 ENABLING CLOCK SWITCHING

To enable clock switching, the FCKSM1 Configuration
bit in CW 2 must be programmed to ‘0’. (Refer to
Section 25.1 “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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10.4.2 AVAILABLE PERIPHERALS

The peripherals managed by the Peripheral Pin Select
are all digital only peripherals. These include general
serial communications (UART and SPI), general purpose
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/0 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.

10.4.2.1 Peripheral Pin Select Function
Priority

Pin-selectable peripheral outputs (e.g. OC, UART
Transmit) take priority over general purpose digital
functions on a pin, such as PMP and port I/O. Special-
ized digital outputs, such as USB functionality, will take
priority over PPS outputs on the same pin. The pin
diagrams provided at the beginning of this data sheet
list peripheral outputs in order of priority. Refer to them
for priority concerns on a particular pin.

Unlike PIC24F devices with fixed peripherals,
pin-selectable peripheral inputs never take ownership
of a pin. The pin’s output buffer is controlled by the
TRISx setting or by a fixed peripheral on the pin. If the
pin is configured in Digital mode, the PPS input will
operate correctly. If an analog function is enabled on
the pin, the PPS input will be disabled.

10.4.3 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-selectable pin is handled in two different
ways, depending on if an input or an output is being
mapped.

10.4.3.1 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 10-1
through Register 10-21). 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 Select options supported by the device.

10.4.3.2 Output Mapping

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 10-22
through Register 10-37). The value of the bit field cor-
responds to one of the peripherals and that peripheral’s
output is mapped to the pin (see Table 10-3).

Because of the mapping technique, the list of peripher-
als 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.

10.4.3.3  Alternate Fixed Pin Mapping

To provide a migration option from earlier high pin count
PIC24F devices, PIC24FJ256GA110 family devices
implement an additional option for mapping the clock
output (SCK) of SPI1. This option permits users to map
SCK10UT specifically to the fixed pin function, ASCK1.
The SCK1CM bit (ALTRP<0>) controls this mapping;
setting the bit maps SCK10UT to ASCK1.

The SCK1CM bit must be set (= 1) before enabling the
SPImodule. It must remain set while transactions using
SPI1 are in progress, in order to prevent transmission
errors; when the module is disabled, the bit must be
cleared. Additionally, no other RPOUT register should
be configured to output the SCK10UT function while
SCK1CM is set.
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REGISTER 10-9: RPINR10: PERIPHERAL PIN SELECT INPUT REGISTER 10

U-0 U-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
U-0 U-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 IC8R<5:0>: Assign Input Capture 8 (IC8) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IC7R<5:0>: Assign Input Capture 7 (IC7) to Corresponding RPn or RPIn Pin bits

REGISTER 10-10: RPINR11: PERIPHERAL PIN SELECT INPUT REGISTER 11

u-0 u-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

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

— — OCFAR5 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 OCFBR<5:0>: Assign Output Compare Fault B (OCFB) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 OCFAR<5:0>: Assign Output Compare Fault A (OCFA) to Corresponding RPn or RPIn Pin bits
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REGISTER 10-26: 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 RP9R0
bit 15 bit 8

uU-0 uU-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 Unimplemented: Read as ‘0’
bit 13-8 RP9R<5:0>: RP9 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP9 (see Table 10-3 for peripheral function numbers).

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP8R<5:0>: RP8 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP8 (see Table 10-3 for peripheral function numbers).

REGISTER 10-27: RPORS5: PERIPHERAL PIN SELECT OUTPUT REGISTER 5

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

— — RP11R5 RP11R4 RP11R3 RP11R2 RP11R1 RP11R0
bit 15 bit 8

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

— — RP10R5 RP10R4 RP10R3 RP10R2 RP10R1 RP10R0O
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 RP11R<5:0>: RP11 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP11 (see Table 10-3 for peripheral function numbers).

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP10R<5:0>: RP10 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP10 (see Table 10-3 for peripheral function numbers).
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REGISTER 10-38: ALTRP: ALTERNATE PERIPHERAL PIN MAPPING REGISTER

uU-0 uU-0 uU-0 u-0 u-0 uU-0 uU-0 u-0
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 uU-0 u-0 u-0 R/W-0
— — — — — — — SCK1CM
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 Unimplemented: Read as ‘0’
bit 0 SCK1CM: SCK1 Output Mapping Select bit

1 = SCK1 output function is mapped to ASCK1 pin only
0 = SCK1 output function is mapped according to RPORn registers
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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 IFSx

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 IFSx
b) Set the SPIXIE bit in the respective IECx register.
register. b) Set the SPIXIE bit in the respective IECx
c) Write the SPIXIP bits in the respective IPCx register.
register. c) Write the SPIxIP bits in the respective IPCx
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 15-2: 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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17.1 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 17-1
shows the formula for computation of the baud rate
with BRGH = 0.

EQUATION 17-1: UART BAUD RATE WITH

BRGH = 012
Baud Rate= — <
16 + (UXBRG + 1)
_ Fcy _
UXBRG = 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 17-1 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 17-2 shows the formula for computation of
the baud rate with BRGH = 1.

EQUATION 17-2: UART BAUD RATE WITH

BRGH =112
BaudRate= — Y
4« (UXBRG + 1)
_ Fcy
UXBRG=  — madRae

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 FCcy/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 17-1: BAUD RATE ERROR CALCULATION (BRGH = 0)(1)

Desired Baud Rate = Fcy/(16 (UXBRG + 1))
Solving for UXBRG value:
UxBRG

UXBRG = ((4000000/9600)/16) — 1
UXBRG = 25
Calculated Baud Rate = 4000000/(16 (25 + 1))
= 9615

Error
Desired Baud Rate
(9615 — 9600)/9600
0.16%

((Fcy/Desired Baud Rate)/16) — 1

(Cdlculated Baud Rate — Desired Baud Rate)

Note 1: Based on Fcy = Fosc/2, Doze mode and PLL are disabled.
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25.2 On-Chip Voltage Regulator FIGURE 25-1: CONNECTIONS FOR THE
ON-CHIP REGULATOR

All PIC24FJ256GA110 family devices power their core
digital logic at a nominal 2.5V. This may create an issue Regulator Enabled (ENVREG tied to VDD):
for designs that are required to operate at a higher

typical voltage, such as 3.3V. To simplify system 3.3v

design, all devices in the PIC24FJ256GA110 family PIC24FJ256GA
incorporate an on-chip regulator that allows the device VDD

to run its core logic from VDD. ENVREG

The regulator is controlled by the ENVREG pin. Tying VDD VDDGORE/VGAP

to the pin enables the regulator, which in turn, provides CEFC ;

power to the core from the other VDD pins. When the reg- (10 WF typ) Vss

ulator is enabled, a low-ESR capacitor (such as ceramic) —_—
must be connected to the VDDCORE/VCAP pin )
(Figure 25-1). This helps to maintain the stability of the
regulator. The recommended value for the filter capacitor
(CeFc)is provided in Section 28.1“DC Characteristics”. Regulator Disabled (ENVREG tied to ground):

If ENVREG is tied to Vss, the regulator is disabled. In
. : . 25V 33v@
this case, separate power for the core logic at a nomi- ==

nal 2.5V must be supplied to the device on the PIC24FJ256GA
VDDCORE/VCAP pin to run the I/O pins at higher voltage VDD

levels, typically 3.3V. Alternatively, the VDDCORE/VCAP ENVREG

and VDD pins can be tied together to operate at a lower

nominal voltage. Refer to Figure 25-1 for possible VDDCORE/VCAP
configurations. Vss

25.21 VOLTAGE REGULATOR TRACKING
MODE AND LOW-VOLTAGE
DETECTION

When it is enabled, the on-chip regulator provides a Regulator Disabled (VDD tied to VDDCORE):
constant voltage of 2.5V nominal to the digital core

logic. 2.5V

PIC24FJ256GA

The regulator can provide this level from a VDD of about v
DD

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 ENVREG
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 Vss
follows VDD with a typical voltage drop of 100 mV. —_

VDDCORE/VCAP

When the device enters Tracking mode, it is no longer

possible to operate at full speed. To provide information Note 1: These are typical operating voltages. Refer

about when the device enters Tracking mode, the to Section 28.1 “DC Characteristics” for

on-chip regulator includes a simple, Low-Voltage the full operating ranges of Vbb and
VDDCORE.

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.
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TABLE 28-6: DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD) (CONTINUED)

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Par;rgeter Typical® Max Units Conditions
Power-Down Current (IPD): PMD Bits are Set, PMSLP Bit is 0@
DC62 25 7.0 pA -40°C
DC62a 25 7.0 pA +25°C
DC62m 3.0 7.0 pA +60°C 2.0v®
DC62b 3.0 7.0 pA +85°C
DC62j 6.0 12.0 pA +125°C
DC62c 2.8 7.0 pA -40°C
DC62d 3.0 7.0 pA +25°C )
DC62n 3.0 7.0 A +60°C 2.5V E;?gg ;:?365(15)‘”/ 32 kHz Crystal:
DC62e 3.0 7.0 pA +85°C
DC62k 6.0 12.0 pA +125°C
DC62f 3.5 10.0 pA -40°C
DC62g 35 10.0 pA +25°C
DC62p 4.0 10.0 pA +60°C 3.3v®
DC62h 4.0 10.0 pA +85°C
DC62I 8.0 18.0 pA +125°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.

3:  On-chip voltage regulator disabled (ENVREG tied to Vss).

4:  On-chip voltage regulator enabled (ENVREG tied to VDD).

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 28-7: DC CHARACTERISTICS: I/0O PIN INPUT SPECIFICATIONS (CONTINUED)

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)

DC CHARACTERISTICS Operating temperature ~ -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pe;\:sm Sym Characteristic Min Typ® | Max | Units Conditions
Input Leakage Current(@3)

DI50 I/O Ports — — +1 pA | VsSs < VPIN VDD,

Pin at high-impedance
D151 Analog Input Pins — — +1 pA | Vss < VPIN £VDD,

Pin at high-impedance
D155 MCLR — — +1 pA | VsSs < VPIN < VDD
DI56 OSCH1 — — +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.

5. VIH requirements are met when internal pull-ups are enabled.

TABLE 28-8: DC CHARACTERISTICS: I/0O PIN OUTPUT SPECIFICATIONS

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)

DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA £ +125°C for Extended
Pe;\:sm Sym Characteristic Min Typ® | Max | Units Conditions
VoL |Output Low Voltage
DO10 I/O Ports — — 0.4 \Y, loL=8.5mA, VDD = 3.6V
— — 0.4 \ loL =6.0 mA, VDD = 2.0V
DO16 OSC2/CLKO — — 0.4 \% loL=8.5mA, VDD = 3.6V
— — 0.4 \Y, loL=6.0 mA, VDD = 2.0V
VoH | Output High Voltage
D020 I/O Ports 3.0 — — \% IoH = -3.0 mA, VDD = 3.6V
24 — — \Y, IoH =-6.0 mA, VDD = 3.6V
1.65 — — \ IoH =-1.0 mA, VDD = 2.0V
1.4 — — \Y, IoH =-3.0 mA, VDD = 2.0V
DO26 OSC2/CLKO 24 — — \% IoH =-6.0 mA, VDD = 3.6V
1.4 — — \Y IoH =-3.0 mA, VbD = 2.0V
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.
5.  VIH requirements are met when internal pull-ups are enabled.
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FIGURE 28-15: OUTPUT COMPARE TIMINGS

0Cx % 1 ! Xk
(Output Compare or PWM Mode) oo .
OC11—=, e —: ., <—0C10
TABLE 28-28: OUTPUT COMPARE
P?\Irg\m. Symbol Characteristic Min Max Unit Condition
ocn1 TccR OC1 Output Rise Time — 10 ns —
0oC10 TccF OC1 Output Fall Time — 10 ns —
FIGURE 28-16: PWM MODULE TIMING REQUIREMENTS
e 0C20 - >
OCFx \ /
+—— 0C15 — .
PWM l ><
TABLE 28-29: PWM TIMING REQUIREMENTS
Pa’\;zlm. Symbol Characteristic Min | Typ® | Max | Unit Condition
OC15 |TFD Fault Input to PWM 1/O — — 25 ns |VDD = 3.0V, -40°C to +85°C
Change
OC20 |TFH Fault Input Pulse Width 50 — — ns |VDD = 3.0V, -40°C to +85°C

Data in “Typ” column is at 3.3V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1:
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