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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC24FJ64GA004 FAMILY
OSCI 9 6 30 I ANA Main Oscillator Input Connection.

OSCO 10 7 31 O ANA Main Oscillator Output Connection.

PGEC1 5 2 22 I/O ST In-Circuit Debugger/Emulator and ICSP™ Programming 
Clock.PGEC2 22 19 9 I/O ST

PGEC3 14 12 42 I/O ST

PGED1 4 1 21 I/O ST In-Circuit Debugger/Emulator and ICSP Programming 
Data.PGED2 21 18 8 I/O ST

PGED3 15 11 41 I/O ST

PMA0 10 7 3 I/O ST/TTL Parallel Master Port Address Bit 0 Input (Buffered Slave 
modes) and Output (Master modes).

PMA1 12 9 2 I/O ST/TTL Parallel Master Port Address Bit 1 Input (Buffered Slave 
modes) and Output (Master modes).

PMA2 — — 27 O — Parallel Master Port Address (Demultiplexed Master 
modes).PMA3 — — 38 O —

PMA4 — — 37 O —

PMA5 — — 4 O —

PMA6 — — 5 O —

PMA7 — — 13 O —

PMA8 — — 32 O —

PMA9 — — 35 O —

PMA10 — — 12 O —

PMA11 — — — O —

PMA12 — — — O —

PMA13 — — — O —

PMBE 11 8 36 O — Parallel Master Port Byte Enable Strobe.

PMCS1 26 23 15 O — Parallel Master Port Chip Select 1 Strobe/Address Bit 14.

PMD0 23 20 10 I/O ST/TTL Parallel Master Port Data (Demultiplexed Master mode) or 
Address/Data (Multiplexed Master modes).PMD1 22 19 9 I/O ST/TTL

PMD2 21 18 8 I/O ST/TTL

PMD3 18 15 1 I/O ST/TTL

PMD4 17 14 44 I/O ST/TTL

PMD5 16 13 43 I/O ST/TTL

PMD6 15 12 42 I/O ST/TTL

PMD7 14 11 41 I/O ST/TTL

PMRD 24 21 11 O — Parallel Master Port Read Strobe.

PMWR 25 22 14 O — Parallel Master Port Write Strobe.

TABLE 1-2: PIC24FJ64GA004 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Function

Pin Number

I/O
Input 
Buffer

Description28-Pin
SPDIP/

SSOP/SOIC

28-Pin
QFN

44-Pin
QFN/TQFP

Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output I2C™ = I2C/SMBus input buffer

Note 1: Alternative multiplexing when the I2C1SEL Configuration bit is cleared.
 2010-2013 Microchip Technology Inc. DS39881E-page 13
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4.2 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 4-3. 

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 (PSV) area
(see Section 4.3.3 “Reading Data From Program
Memory Using Program Space Visibility”).

PIC24FJ64GA004 family devices implement a total of
8 Kbytes of data memory. Should an EA point to a
location outside of this area, an all zero word or byte will
be returned.

4.2.1 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 (LSBs) of each word have even addresses, while
the Most Significant Bytes (MSBs) have odd
addresses.

FIGURE 4-3: DATA SPACE MEMORY MAP FOR PIC24FJ64GA004 FAMILY DEVICES(1) 

0000h

07FEh

FFFEh

LSB
AddressLSBMSB

MSB
Address

0001h

07FFh

1FFFh

FFFFh

8001h 8000h
7FFFh

0801h 0800h

2001h

Near

1FFEh

SFRSFR Space

Data RAM

2000h

7FFFh

Program Space
Visibility Area

Note 1: Data memory areas are not shown to scale.

2: Upper memory limit for PIC24FJ16GAXXX devices is 17FFh.

27FEh(2)

2800h
27FFh(2)

2801h

Space

Data Space

Implemented
Data RAM

Unimplemented
Read as ‘0’
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6.2.1 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. 

6.2.2 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.

6.2.2.1 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, TFSCM, 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 s 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.

6.3 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 FNOSCx bits in the CW2 register (see
Table 6-2). The RCFGCAL and NVMCON registers are
only affected by a POR.
 2010-2013 Microchip Technology Inc. DS39881E-page 57
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REGISTER 7-5: 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

— — AD1IF U1TXIF U1RXIF SPI1IF 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 INT0IF

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 U1TXIF: 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 SPI1IF: 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 OC1IF: Output Compare Channel 1 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
DS39881E-page 66  2010-2013 Microchip Technology Inc.
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bit 1 IC1IF: Input Capture Channel 1 Interrupt Flag Status bit

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

bit 0 INT0IF: External Interrupt 0 Flag Status bit

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

REGISTER 7-5: IFS0: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)
 2010-2013 Microchip Technology Inc. DS39881E-page 67
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REGISTER 10-13: RPINR22: PERIPHERAL PIN SELECT INPUT REGISTER 22

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

— — — SCK2R4 SCK2R3 SCK2R2 SCK2R1 SCK2R0

bit 15 bit 8

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

— — — 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 15-13 Unimplemented: Read as ‘0’ 

bit 12-8 SCK2R<4:0>: Assign SPI2 Clock Input (SCK2IN) to the Corresponding RPn Pin bits

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 SDI2R<4:0>: Assign SPI2 Data Input (SDI2) to the Corresponding RPn Pin bits

REGISTER 10-14: RPINR23: PERIPHERAL PIN SELECT INPUT REGISTER 23

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 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — 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 15-5 Unimplemented: Read as ‘0’ 

bit 4-0 SS2R<4:0>: Assign SPI2 Slave Select Input (SS2IN) to the Corresponding RPn Pin bits
 2010-2013 Microchip Technology Inc. DS39881E-page 117
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11.0 TIMER1 

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 11-1 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
TCKPS<1:0> 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. If interrupts are required, set the Timer1 Inter-
rupt Enable bit, T1IE. Use the priority bits,
T1IP<2:0>, to set the interrupt priority.

FIGURE 11-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM 

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”,
“Timers” (DS39704).
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FIGURE 12-1: TIMER2/3 AND TIMER4/5 (32-BIT) BLOCK DIAGRAM
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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: This peripheral’s inputs must be assigned to an available RPn pin before use. Please see
Section 10.4 “Peripheral Pin Select (PPS)” for more information.

3: The A/D Event Trigger is available only on Timer2/3.
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PIC24FJ64GA004 FAMILY
bit 4-2 SPRE<2:0>: Secondary Prescale bits (Master mode)

111 = Secondary prescale 1:1
110 = Secondary prescale 2:1
...
000 = Secondary prescale 8:1

bit 1-0 PPRE<1:0>: 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

REGISTER 15-2: SPIxCON1: SPIx CONTROL REGISTER 1 (CONTINUED)

Note 1: If DISSCK = 0, SCKx must be configured to an available RPn pin. See Section 10.4 “Peripheral Pin 
Select (PPS)” for more information.

2: If DISSDO = 0, SDOx must be configured to an available RPn pin. See Section 10.4 “Peripheral Pin 
Select (PPS)” 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 10.4 “Peripheral Pin Select 
(PPS)” for more information.

REGISTER 15-3: 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 is enabled
0 = Framed SPIx support is disabled

bit 14 SPIFSD: SPIx Frame Sync Pulse Direction Control on SSx Pin bit

1 = Frame sync pulse input (slave)
0 = Frame sync pulse output (master)

bit 13 SPIFPOL: SPIx 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: SPIx 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: SPIx Enhanced Buffer Enable bit

1 = Enhanced Buffer is enabled
0 = Enhanced Buffer is disabled (Legacy mode)
 2010-2013 Microchip Technology Inc. DS39881E-page 147
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FIGURE 16-1: I2C™ BLOCK DIAGRAM    
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PIC24FJ64GA004 FAMILY
bit 5 ACKDT: Acknowledge Data bit (when operating as I2C master, applicable during master receive)

Value that will be transmitted when the software initiates an Acknowledge sequence.
1 = Sends a NACK during Acknowledge
0 = Sends an ACK during Acknowledge

bit 4 ACKEN: Acknowledge Sequence Enable bit (when operating as I2C master, applicable during master receive)

1 = Initiates Acknowledge sequence on SDAx and SCLx pins and transmits the ACKDT data bit.
Hardware is clear at the end of master Acknowledge sequence.

0 = Acknowledge sequence is not in progress

bit 3 RCEN: Receive Enable bit (when operating as I2C master)

1 = Enables Receive mode for I2C. Hardware is clear at the end of eighth bit of master receive data byte.
0 = Receive sequence is not in progress

bit 2 PEN: Stop Condition Enable bit (when operating as I2C master)

1 = Initiates Stop condition on SDAx and SCLx pins. Hardware is clear at the end of master Stop sequence.
0 = Stop condition is not in progress

bit 1 RSEN: Repeated Start Condition Enable bit (when operating as I2C master)

1 = Initiates Repeated Start condition on SDAx and SCLx pins. Hardware is clear at the end of master
Repeated Start sequence.

0 = Repeated Start condition is not in progress

bit 0 SEN: Start Condition Enable bit (when operating as I2C master)

1 = Initiates Start condition on SDAx and SCLx pins. Hardware is clear at the end of master Start sequence.
0 = Start condition is not in progress

REGISTER 16-1: I2CxCON: I2Cx CONTROL REGISTER (CONTINUED)

Note 1: In Slave mode, the module will not automatically clock stretch after receiving the address byte.
 2010-2013 Microchip Technology Inc. DS39881E-page 155
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bit 5 D/A: Data/Address bit (when operating as I2C slave)

1 = Indicates that the last byte received was data
0 = Indicates that the last byte received was a device address
Hardware is clear at a device address match. Hardware is set by a write to I2CxTRN or by reception of
a slave byte.

bit 4 P: Stop bit 

1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
Hardware is set or clear when Start, Repeated Start or Stop is 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 is set or clear when Start, Repeated Start or Stop is detected.

bit 2 R/W: Read/Write Information bit (when operating as I2C slave)

1 = Read – Indicates data transfer is output from slave
0 = Write – Indicates data transfer is input to slave
Hardware is set or clear after reception of an I2C device address byte.

bit 1 RBF: Receive Buffer Full Status bit 

1 = Receive is complete, I2CxRCV is full
0 = Receive is not complete, I2CxRCV is empty
Hardware is set when I2CxRCV is written with received byte. Hardware is clear when software reads
I2CxRCV.

bit 0 TBF: Transmit Buffer Full Status bit

1 = Transmit is in progress, I2CxTRN is full
0 = Transmit is complete, I2CxTRN is empty
Hardware is set when software writes I2CxTRN. Hardware is clear at completion of data transmission.

REGISTER 16-2: I2CxSTAT: I2Cx STATUS REGISTER (CONTINUED)

Note 1: In both Master and Slave modes, the ACKSTAT bit is only updated when transmitting data resulting in the 
reception of an ACK or NACK from another device. Do not check the state of ACKSTAT when receiving 
data, either as a slave or a master. Reading ACKSTAT after receiving address or data bytes returns an 
invalid result.

REGISTER 16-3: I2CxMSK: I2Cx SLAVE MODE ADDRESS MASK REGISTER

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

— — — — — — AMSK9 AMSK8

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 AMSK5 AMSK4 AMSK3 AMSK2 AMSK1 AMSK0

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 AMSK<9:0>: Mask for Address Bit x Select bits

1 = Enables masking for bit x of incoming message address; bit match is not required in this position
0 = Disables masking for bit x; bit match is required in this position
 2010-2013 Microchip Technology Inc. DS39881E-page 157
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17.0 UNIVERSAL ASYNCHRONOUS 
RECEIVER TRANSMITTER 
(UART)

The Universal Asynchronous Receiver Transmitter
(UART) module is one of the serial I/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/J2602, RS-232 and RS-485 interfaces. The module
also supports 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 17-1. The UART module consists of these key
important hardware elements:

• Baud Rate Generator

• Asynchronous Transmitter

• Asynchronous Receiver

FIGURE 17-1: UARTx SIMPLIFIED BLOCK DIAGRAM

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”,
“UART” (DS39708).

Note: In this section, the UART modules are
referred to together as UARTx or
separately as UART1 and UART2.

UxRX

IrDA®

Hardware Flow Control

UARTx Receiver

UARTx Transmitter UxTX

UxCTS

UxRTS

BCLKx

Baud Rate Generator

Note: This peripheral’s inputs and outputs must be assigned to an available RPn pin before use. Please
see Section 10.4 “Peripheral Pin Select (PPS)” for more information.
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20.0 PROGRAMMABLE CYCLIC 
REDUNDANCY CHECK (CRC) 
GENERATOR

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 X<15:1> bits
(CRCXOR<15:1>) and the PLEN<3:0> bits
(CRCCON<3:0>), respectively.

Consider the following equation:

EQUATION 20-1: CRC POLYNOMIAL

To program this polynomial into the CRC generator,
the CRC register bits should be set as shown in
Table 20-1.

TABLE 20-1: EXAMPLE CRC SETUP

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 0 bit or the 16th bit.

A simplified block diagram of the module is shown in
Figure 20-1. The general topology of the shift engine is
shown in Figure 20-2.

FIGURE 20-1: CRC BLOCK DIAGRAM

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”,
“Programmable Cyclic Redundancy
Check (CRC)” (DS39714).

Bit Name Bit Value

PLEN<3:0> 1111

X<15:1> 000100000010000

x16 + x12 + x5 + 1

Variable FIFO

(8x16 or 16x8)

CRCDAT

CRC Shift Engine

CRCWDAT

FIFO Empty Event 
Set CRCIF

Shift Clock (2 FCY)
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FIGURE 21-1: 10-BIT HIGH-SPEED A/D CONVERTER BLOCK DIAGRAM

Comparator

10-Bit SAR Conversion Logic

VREF+

DAC

AN12

AN8(1)

AN9

AN10

AN11

AN4

AN5

AN6(1)

AN7(1)

AN0

AN1

AN2

AN3

VREF-

Sample Control

S/H

AVSS

AVDD

ADC1BUF0:
ADC1BUFF

AD1CON1

AD1CON2

AD1CON3

AD1CHS

AD1PCFG

AD1CSSL

Control Logic

Data Formatting

Input MUX Control
Conversion Control

Pin Config. Control

Internal Data Bus

16

VR+VR-

M
U

X
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X
 B

VINH

VINL
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Note 1: Analog Channels, AN6 through AN8, are available on 44-pin devices only.
2: Band Gap Voltage (VBG) reference is internally connected to Analog Channel AN15, which does not appear on any pin.

VBG(2)
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TABLE 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 

-40°C  TA  +125°C for Extended 

Param 
No. 

Symbol Characteristic Min Typ(1) Max Units Conditions

Operating Voltage

DC10 Supply Voltage

VDD VBORMIN — 3.6 V Regulator enabled

VDD VDDCORE — 3.6 V Regulator disabled

VDDCORE 2.0 — 2.75 V Regulator disabled

DC12 VDR RAM Data Retention 
Voltage(2)

1.5 — — V

DC16 VPOR VDD Start Voltage
to Ensure Internal
Power-on Reset Signal

— — VSS V

DC17 SVDD VDD Rise Rate
to Ensure Internal
Power-on Reset Signal

0.05 — — V/ms 0-3.3V in 0.1s
0-2.5V in 60 ms

DC18 VBOR Brown-out Reset 
Voltage

1.8 2.1 2.2 V

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: This is the limit to which VDD can be lowered without losing RAM data.
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3e

3e

3e

XXXXXXXX

28-Lead QFN (6X6 mm)

XXXXXXXX
YYWWNNN

24FJ48GA

Example

002/ML
1310017

XXXXXXXXXX

44-Lead QFN (8x8x0.9 mm)

XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

24FJ32GA

Example

004-I/ML
1310017

44-Lead TQFP (10x10x1 mm)

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

Example

24FJ32GA
004-I/PT

1310017
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APPENDIX A: REVISION HISTORY

Revision A (March 2007)

Original data sheet for the PIC24FJ64GA004 family of
devices.

Revision B (March 2007)

Changes to Table 26-8; packaging diagrams updated.

Revision C (January 2008)

• Update of electrical specifications to include DC 
characteristics for Extended Temperature 
devices.

• Update for A/D converter chapter to include 
information on internal band gap voltage 
reference.

• Added “Appendix B: “Additional Guidance for 
PIC24FJ64GA004 Family Applications”.

• General revisions to incorporate corrections 
included in document errata to date (DS80333).

Revision D (January 2010)

• Update of electrical specifications to include 60°C 
specifications for power-down current to DC 
characteristics.

• Removes references to JTAG programming 
throughout the document.

• Other minor typographic corrections throughout.

Revision E (May 2013)

• Updates all pin diagrams to indicate 5V tolerant 
pins.

• Updates all package labeling diagrams.

• Changes the VREGS bit name (RCON<8>) to 
PMSLP in all occurrences throughout the data 
sheet; also updates the description of the bit’s 
functionality in Register 6-1. (The actual operation 
of the bit remains unchanged.)

• Adds additional explanatory text to the following 
sections:

- Section 9.2.1 ”Sleep Mode”

- Section 10.4.2.1 ”Peripheral Pin Select 
Function Priority”

- Section 24.2.3 ”On-Chip Regulator and 
POR”

• Updates Section 2.0 “Guidelines for Getting 
Started with 16-Bit Microcontrollers” with the 
most current information on VCAP selection.

• Replaces Table 6-3 (Reset Delay Times) with an 
updated version.

• Updates Section 7.0 ”Interrupt Controller” by 
adding a description of the INTTREG register 
(Register 7-31).

• Updates Section 8.0 ”Oscillator Configuration” 
by correcting the external oscillator inputs in 
Figure 8-1 and a new unlock code sequence in 
Example 8-1.

• Replaces Example 10-2 with a new code example.

• Updates Section 19.0 ”Real-Time Clock and 
Calendar (RTCC)” to add introductory text and 
amend input sources in Figure 19-1.

• Updates Section 20.0 ”Programmable Cyclic 
Redundancy Check (CRC) Generator” with a 
more current version (no technical changes to the 
module or its operation).

• Updates Section 26.0 ”Instruction Set Summary”:

- Updates syntax of ASR, DAW, LSR, MOV 
and SL instructions to conform with the 
Programmer’s Reference Manual

- Adds previously omitted instruction, FBCL 

• Adds to Section 27.0 ”Electrical Characteristics”:

- New Specification DC18 (VBOR) to Table 27-3

- New Specifications DI60a (IICL), DI60b (IICH) 
and DI60c (IICT) to Table 27-7

- New Table 27-10 (Comparator Specifications) 
and Table 27-11 (Comparator Voltage Refer-
ence Specifications); previous Table 27-10 is 
now renumbered as Table 27-12, and all 
subsequent tables renumbered accordingly

- New Table 27-17 (Internal RC Oscillator 
Specifications)

- New specifications, AD08 (IVREF), AD09 
(ZREF) and AD13 (Leakage Current), to 
Table 27-20

- Combines previous Table 27-15 (AC Charac-
teristics: Internal RC Accuracy) and 
Table 27-16 (Internal RC Accuracy) into a 
new Table 27-18 (AC Characteristics: Internal 
RC Accuracy)

• Other minor typographic corrections throughout.
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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.

   

Architecture 24 = 16-bit modified Harvard without DSP

Flash Memory Family FJ = Flash program memory

Product Group GA0 = General purpose microcontrollers

Pin Count 02 = 28-pin
04 = 44-pin

Temperature Range E =  -40C to +125C (Extended)
I =  -40C to +85C (Industrial)

Package SP = SPDIP
SO = SOIC
SS = SSOP
ML = QFN
PT = TQFP

Pattern Three-digit QTP, SQTP, Code or Special Requirements 
(blank otherwise)

ES = Engineering Sample

Examples:

a) PIC24FJ32GA002-I/ML:
General Purpose PIC24F, 32-Kbyte Program 
Memory, 28-Pin, Industrial Temp.,
QFN Package.

b) PIC24FJ64GA004-E/PT:
General Purpose PIC24F, 64-Kbyte Program 
Memory, 44-Pin, Extended Temp.,
TQFP Package.

Microchip Trademark

Architecture

Flash Memory Family

Program Memory Size (KB)

Product Group

Pin Count

Temperature Range

Package

Pattern

PIC 24 FJ  64 GA0  04 T - I / PT - XXX

Tape and Reel Flag (if applicable)
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