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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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2.7 Configuration of Analog and 
Digital Pins During ICSP 
Operations

If an ICSP compliant emulator is selected as a debug-
ger, it automatically initializes all of the A/D input pins
(ANx) as “digital” pins. Depending on the particular
device, this is done by setting all bits in the ADxPCFG
register(s) or clearing all bits in the ANSx registers.

All PIC24F devices will have either one or more
ADxPCFG registers, or several ANSx registers (one for
each port); no device will have both. Refer to
(Section 11.2 “Configuring Analog Port Pins
(ANSx)”) for more specific information.

The bits in these registers that correspond to the A/D
pins that initialized the emulator must not be changed
by the user application firmware; otherwise,
communication errors will result between the debugger
and the device.

If your application needs to use certain A/D pins as
analog input pins during the debug session, the user
application must modify the appropriate bits during
initialization of the A/D module, as follows:

• For devices with an ADxPCFG register, clear the 
bits corresponding to the pin(s) to be configured 
as analog. Do not change any other bits, particu-
larly those corresponding to the PGECx/PGEDx 
pair, at any time.

• For devices with ANSx registers, set the bits 
corresponding to the pin(s) to be configured as 
analog. Do not change any other bits, particularly 
those corresponding to the PGECx/PGEDx pair, 
at any time.

When a Microchip debugger/emulator is used as a
programmer, the user application firmware must
correctly configure the ADxPCFG or ANSx registers.
Automatic initialization of these registers is only done
during debugger operation. Failure to correctly
configure the register(s) will result in all A/D pins being
recognized as analog input pins, resulting in the port
value being read as a logic ‘0’, which may affect user
application functionality.

2.8 Unused I/Os

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

Each DMA channel functions independently of the
others, but also competes with the others for access to
the data and DMA buses. When access collisions
occur, the DMA Controller arbitrates between the
channels using a user-selectable priority scheme. Two
schemes are available:

• Round-Robin: When two or more channels 
collide, the lower numbered channel receives 
priority on the first collision. On subsequent colli-
sions, the higher numbered channels each 
receive priority, based on their channel number.

• Fixed: When two or more channels collide, the 
lowest numbered channel always receives 
priority, regardless of past history; however, any 
channel being actively processed is not available 
for an immediate retrigger. If a higher priority 
channel is continually requesting service, it will be 
scheduled for service after the next lower priority 
channel with a pending request.

5.2 Typical Setup

To set up a DMA channel for a basic data transfer:

1. Enable the DMA Controller (DMAEN = 1) and
select an appropriate channel priority scheme
by setting or clearing PRSSEL.

2. Program DMAH and DMAL with the appropriate
upper and lower address boundaries for data
RAM operations.

3. Select the DMA channel to be used and disable
its operation (CHEN = 0).

4. Program the appropriate source and destination
addresses for the transaction into the channel’s
DMASRCn and DMADSTn registers. For PIA
mode addressing, use the base address value.

5. Program the DMACNTn register for the number
of Triggers per transfer (One-Shot or Continu-
ous modes) or the number of words (bytes) to be
transferred (Repeated modes).

6. Set or clear the SIZE bit to select the data size.

7. Program the TRMODE<1:0> bits to select the
Data Transfer mode.

8. Program the SAMODE<1:0> and DAMODE<1:0>
bits to select the addressing mode.

9. Enable the DMA channel by setting CHEN.

10. Enable the Trigger source interrupt.

5.3 Peripheral Module Disable

Unlike other peripheral modules, the channels of the
DMA Controller cannot be individually powered down
using the Peripheral Module Disable (PMD) registers.
Instead, the channels are controlled as two groups. The
DMA0MD bit (PMD7<4>) selectively controls DMACH0
through DMACH3. The DMA1MD bit (PMD7<5>)
controls DMACH4 through DMACH7. Setting both bits
effectively disables the DMA Controller.

5.4 Registers

The DMA Controller uses a number of registers to con-
trol its operation. The number of registers depends on
the number of channels implemented for a particular
device. 

There are always four module-level registers (one
control and three buffer/address):

• DMACON: DMA Engine Control Register 
(Register 5-1)

• DMAH and DMAL: DMA High and Low Address 
Limit Registers

• DMABUF: DMA Data Buffer

Each of the DMA channels implements five registers
(two control and three buffer/address):

• DMACHn: DMA Channel n Control Register 
(Register 5-2)

• DMAINTn: DMA Channel n Interrupt Register 
(Register 5-3)

• DMASRCn: DMA Data Source Address Pointer 
for Channel n

• DMADSTn: DMA Data Destination Source for 
Channel n

• DMACNTn: DMA Transaction Counter for 
Channel n

For PIC24FJ1024GA610/GB610 family devices, there
are a total of 44 registers.
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8.3 Interrupt Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

8.3.1 KEY RESOURCES

• “Interrupts” (DS70000600) in the 
“dsPIC33/PIC24 Family Reference Manual”

• Code Samples

• Application Notes

• Software Libraries

• Webinars

• All Related “dsPIC33/PIC24 Family Reference 
Manual” Sections

• Development Tools

8.4 Interrupt Control and Status 
Registers

PIC24FJ1024GA610/GB610 family devices implement
the following registers for the interrupt controller: 

• INTCON1

• INTCON2

• INTCON4

• IFS0 through IFS7

• IEC0 through IEC7

• IPC0 through IPC29

• INTTREG

8.4.1 INTCON1-INTCON4

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the
Interrupt Nesting Disable (NSTDIS) bit, as well as the
control and status flags for the processor trap sources.

The INTCON2 register controls global interrupt
generation, the external interrupt request signal
behavior and the use of the Alternate Interrupt Vector
Table (AIVT).

The INTCON4 register contains the Software
Generated Hard Trap bit (SGHT) and ECC Double-Bit
Error (ECCDBE) trap.

8.4.2 IFSx

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 external signal, and
is cleared via software.

8.4.3 IECx

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.

8.4.4 IPCx

The IPCx registers are used to set the Interrupt Priority
Level (IPL) for each source of interrupt. Each user
interrupt source can be assigned to one of eight priority
levels. 

8.4.5 INTTREG

The INTTREG register contains the associated
interrupt vector number and the new CPU Interrupt
Priority Level, which are latched into the Vector
Number bits (VECNUM<7:0>) and Interrupt Priority
Level bits (ILR<3:0>) fields in the INTTREG register.
The new Interrupt Priority Level is the priority of the
pending interrupt. 

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence as they are
listed in Table 8-2. For example, the INT0 (External
Interrupt 0) is shown as having Vector Number 8 and a
natural order priority of 0. Thus, the INT0IF bit is found
in IFS0<0>, the INT0IE bit in IEC0<0> and the INT0IP
bits in the first position of IPC0 (IPC0<2:0>). 

8.4.6 STATUS/CONTROL REGISTERS

Although these registers are not specifically part of the
interrupt control hardware, two of the CPU Control
registers contain bits that control interrupt functionality.
For more information on these registers refer to “CPU
with Extended Data Space (EDS)” (DS39732) in the
“dsPIC33/PIC24 Family Reference Manual”.

• The CPU STATUS Register, SR, contains the 
IPL<2:0> bits (SR<7:5>). These bits indicate the 
current CPU Interrupt Priority Level. The user 
software can change the current CPU Interrupt 
Priority Level by writing to the IPLx bits. 

• The CORCON register contains the IPL3 bit, 
which together with the IPL<2:0> bits, also indi-
cates the current CPU Interrupt Priority 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 8-3
through Register 8-6 in the following pages.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464
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REGISTER 10-1: PMD1: PERIPHERAL MODULE DISABLE REGISTER 1

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

T5MD T4MD T3MD T2MD T1MD — — —

bit 15 bit 8

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

I2C1MD U2MD U1MD SPI2MD SPI1MD — — ADC1MD

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 T5MD: Timer5 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 14 T4MD: Timer4 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 13 T3MD: Timer3 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 12 T2MD: Timer2 Module Disable bit 

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 11 T1MD: Timer1 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 10-8 Unimplemented: Read as ‘0’

bit 7 I2C1MD: I2C1 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 6 U2MD: UART2 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 5 U1MD: UART1 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 4 SPI2MD: SPI2 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 3 SPI1MD: SPI1 Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled

bit 2-1 Unimplemented: Read as ‘0’

bit 0 ADC1MD: A/D Converter Module Disable bit

1 = Module is disabled
0 = Module power and clock sources are enabled
 2015-2016 Microchip Technology Inc. DS30010074D-page 141
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11.1.1 I/O 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.

11.1.2 OPEN-DRAIN CONFIGURATION

In addition to the PORTx, LATx and TRISx registers for
data control, each port pin can also be individually
configured for either a 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. 

11.2 Configuring Analog Port Pins (ANSx)

The ANSx and TRISx registers control the operation of
the pins with analog function. Each port pin with analog
function is associated with one of the ANSx bits (see
Register 11-1 through Register 11-6), which decides if
the pin function should be analog or digital. Refer to
Table 11-1 for detailed behavior of the pin for different
ANSx and TRISx bit settings.

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

11.2.1 ANALOG INPUT PINS AND 
VOLTAGE CONSIDERATIONS

The voltage tolerance of pins used as device inputs is
dependent on the pin’s input function. Most input pins
are able to handle DC voltages of up to 5.5V, a level typ-
ical for digital logic circuits. However, several pins can
only tolerate voltages up to VDD. Voltage excursions
beyond VDD on these pins should always be avoided.

Table 11-2 summarizes the different voltage toler-
ances. For more information, refer to Section 33.0
“Electrical Characteristics” for more details.

TABLE 11-1: CONFIGURING ANALOG/DIGITAL FUNCTION OF AN I/O PIN

Pin Function ANSx Setting TRISx Setting Comments

Analog Input 1 1 It is recommended to keep ANSx = 1.

Analog Output 1 1 It is recommended to keep ANSx = 1.

Digital Input 0 1 Firmware must wait at least one instruction cycle 
after configuring a pin as a digital input before a valid 
input value can be read.

Digital Output 0 0 Make sure to disable the analog output function on 
the pin if any is present.

TABLE 11-2: INPUT VOLTAGE LEVELS FOR PORT OR PIN TOLERATED DESCRIPTION INPUT

Port or Pin Tolerated Input Description

PORTA<15:14,5:0>

5.5V
Tolerates input levels above VDD; useful 
for most standard logic.

PORTC<3:1>

PORTD<15:8,5:0>

PORTE<8:5,3:0>

PORTF<13:12,8:0>

PORTG<15:12,1:0>

PORTA<10:9,7:6>

VDD Only VDD input levels are tolerated.

PORTB<15:0>

PORTC<15:13,4>(1)

PORTD<7:6>

PORTE<9,4>

PORTG<9:6,3:2>(2)

Note 1: PORTC<12> has OSCI pin function.

2: PORTG<3:2> have USB function on PIC24FJXXXXGBXXX devices.
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REGISTER 11-1: ANSA: PORTA ANALOG FUNCTION SELECTION REGISTER

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

— — — — — ANSA<10:9>(1) —

bit 15 bit 8

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

ANSA<7:6>(1) — — — — — —

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 10-9 ANSA<10:9>: PORTA Analog Function Selection bits(1)

1 = Pin is configured in Analog mode; I/O port read is disabled
0 = Pin is configured in Digital mode; I/O port read is enabled

bit 8 Unimplemented: Read as ‘0’

bit 7-6 ANSA<7:6>: PORTA Analog Function Selection bits(1)

1 = Pin is configured in Analog mode; I/O port read is disabled
0 = Pin is configured in Digital mode; I/O port read is enabled

bit 5-0 Unimplemented: Read as ‘0’

Note 1: ANSA<10:9,7> bits are not available on 64-pin devices.

REGISTER 11-2: ANSB: PORTB ANALOG FUNCTION SELECTION REGISTER

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

ANSB<15:8>

bit 15 bit 8

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

ANSB<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 15-0 ANSB<15:0>: PORTB Analog Function Selection bits

1 = Pin is configured in Analog mode; I/O port read is disabled
0 = Pin is configured in Digital mode; I/O port read is enabled
 2015-2016 Microchip Technology Inc. DS30010074D-page 151
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13.0 TIMER2/3 AND TIMER4/5 

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

• A/D Event Trigger (only on Timer2/3 in 32-bit 
mode and Timer3 in 16-bit mode)

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 A/D Event Trigger.
This Trigger is implemented only on Timer2/3 in 32-bit
mode and Timer3 in 16-bit mode. 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 13-1; T3CON and T5CON are
shown in Register 13-2.

For 32-bit timer/counter operation, Timer2 and Timer4
are the least significant word; Timer3 and Timer5 are
the most significant word of the 32-bit timers. 

To configure Timer2/3 or Timer4/5 for 32-bit operation:

1. Set the T32 or T45 bit (T2CON<3> or
T4CON<3> = 1).

2. Select the prescaler ratio for Timer2 or Timer4
using the TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits. If TCS is set to an external
clock, RPINRx (TyCK) must be configured to
an available RPn/RPIn pin. For more informa-
tion, see Section 11.4 “Peripheral Pin Select
(PPS)”.

4. Load the timer period value. PR3 (or PR5) will
contain the most significant word (msw) of the
value, while PR2 (or PR4) contains the least
significant word (lsw).

5. If interrupts are required, set the interrupt enable
bit, T3IE or T5IE. Use the priority bits, T3IP<2:0>
or T5IP<2:0>, to set the interrupt priority. Note
that while Timer2 or Timer4 controls 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, TMR<3:2> (or TMR<5:4>). 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
TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits. See Section 11.4 “Peripheral
Pin Select (PPS)” for more information.

4. Load the timer period value into the PRx register.

5. If interrupts are required, set the interrupt enable
bit, TxIE. Use the priority bits, TxIP<2:0>, to set
the interrupt priority.

6. Set the TON (TxCON<15> = 1) bit.

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 “dsPIC33/PIC24 Family Reference
Manual”, “Timers” (DS39704), which is
available from the Microchip web site
(www.microchip.com). The information in
this data sheet supersedes the
information in the FRM.

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.
 2015-2016 Microchip Technology Inc. DS30010074D-page 187
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REGISTER 13-1: TxCON: TIMER2 AND TIMER4 CONTROL REGISTER(1)

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

TON — TSIDL — — — TECS1(2) TECS0(2)

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(3,4) — TCS(2) —

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: Timerx Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12-10 Unimplemented: Read as ‘0’

bit 9-8 TECS<1:0>: Timerx Extended Clock Source Select bits (selected when TCS = 1)(2)

When TCS = 1: 
11 = Generic timer (TxCK) external input 
10 = LPRC Oscillator
01 = TyCK external clock input
00 = SOSC

When TCS = 0: 
These bits are ignored; the timer is clocked from the internal system clock (FOSC/2).

bit 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 is enabled
0 = Gated time accumulation is disabled

bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits

11 = 1:256 
10 = 1:64
01 = 1:8 
00 = 1:1

Note 1: Changing the value of TxCON while the timer is running (TON = 1) causes the timer prescale counter to 
reset and is not recommended.

2: If TCS = 1 and TECS<1:0> = x1, the selected external timer input (TxCK or TyCK) must be configured to 
an available RPn/RPIn pin. For more information, see Section 11.4 “Peripheral Pin Select (PPS)”.

3: In 32-bit mode, the T3CON or T5CON control bits do not affect 32-bit timer operation.

4: This bit is labeled T45 in the T4CON register.
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FIGURE 18-1: I2Cx BLOCK DIAGRAM    
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20.0 UNIVERSAL SERIAL BUS WITH 
ON-THE-GO SUPPORT 
(USB OTG)

PIC24FJ1024GB610 family devices contain a full-
speed and low-speed compatible, On-The-Go (OTG)
USB Serial Interface Engine (SIE). The OTG capability
allows the device to act as either a USB peripheral
device or as a USB embedded host with limited host
capabilities. The OTG capability allows the device to
dynamically switch from device to host operation using
OTG’s Host Negotiation Protocol (HNP). 

For more details on OTG operation, refer to the “On-
The-Go Supplement” to the “USB 2.0 Specification”,
published by the USB-IF. For more details on USB
operation, refer to the “Universal Serial Bus
Specification”, v2.0.

The USB OTG module offers these features:

• USB Functionality in Device and Host modes, and 
OTG Capabilities for Application-Controlled mode 
Switching

• Software-Selectable module Speeds of 
Full Speed (12 Mbps) or Low Speed (1.5 Mbps 
available in Host mode only) 

• Support for All Four USB Transfer Types: Control, 
Interrupt, Bulk and Isochronous

• 16 Bidirectional Endpoints for a Total of 
32 Unique Endpoints

• DMA Interface for Data RAM Access

• Queues up to 16 Unique Endpoint Transfers 
without Servicing

• Integrated, On-Chip USB Transceiver with 
Support for Off-Chip Transceivers via a 
Digital Interface

• Integrated VBUS Generation with On-Chip 
Comparators and Boost Generation, and Support 
of External VBUS Comparators and Regulators 
through a Digital Interface

• Configurations for On-Chip Bus Pull-up and 
Pull-Down Resistors

A simplified block diagram of the USB OTG module is
shown in Figure 20-1.

The USB OTG module can function as a USB peripheral
device or as a USB host, and may dynamically switch
between Device and Host modes under software
control. In either mode, the same data paths and Buffer
Descriptors (BDs) are used for the transmission and
reception of data. 

In discussing USB operation, this section will use a
controller-centric nomenclature for describing the direc-
tion of the data transfer between the microcontroller and
the USB. RX (Receive) will be used to describe transfers
that move data from the USB to the microcontroller and
TX (Transmit) will be used to describe transfers that
move data from the microcontroller to the USB.
Table 20-1 shows the relationship between data
direction in this nomenclature and the USB tokens
exchanged. 

TABLE 20-1: CONTROLLER-CENTRIC 
DATA DIRECTION FOR USB 
HOST OR TARGET

This chapter presents the most basic operations
needed to implement USB OTG functionality in an
application. A complete and detailed discussion of the
USB protocol and its OTG supplement are beyond the
scope of this data sheet. It is assumed that the user
already has a basic understanding of USB architecture
and the latest version of the protocol.

Not all steps for proper USB operation (such as device
enumeration) are presented here. It is recommended
that application developers use an appropriate device
driver to implement all of the necessary features.
Microchip provides a number of application-specific
resources, such as USB firmware and driver support.
Refer to www.microchip.com/usb for the latest
firmware and driver support.

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 “dsPIC33/PIC24 Family Reference
Manual”, “USB On-The-Go (OTG)”
(DS39721), which is available from the
Microchip web site (www.microchip.com).
The information in this data sheet
supersedes the information in the FRM.

USB Mode
Direction

RX TX

Device OUT or SETUP IN

Host IN OUT or SETUP
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REGISTER 20-12: U1CNFG1: USB CONFIGURATION REGISTER 1

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

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

UTEYE UOEMON(1) — USBSIDL — — PPB1 PPB0

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 UTEYE: USB Eye Pattern Test Enable bit

1 = Eye pattern test is enabled
0 = Eye pattern test is disabled

bit 6 UOEMON: USB OE Monitor Enable bit(1)

1 = OE signal is active; it indicates intervals during which the D+/D- lines are driving
0 = OE signal is inactive

bit 5 Unimplemented: Read as ‘0’

bit 4 USBSIDL: USB OTG Stop in Idle Mode bit

1 = Discontinues module operation when the device enters Idle mode
0 = Continues module operation in Idle mode

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 PPB<1:0>: Ping-Pong Buffers Configuration bits

11 = Even/Odd Ping-Pong Buffers are enabled for Endpoints 1 to 15
10 = Even/Odd Ping-Pong Buffers are enabled for all endpoints
01 = Even/Odd Ping-Pong Buffers are enabled for RX Endpoint 0
00 = Even/Odd Ping-Pong Buffers are disabled

Note 1: This bit is only active when the UTRDIS bit (U1CNFG2<0>) is set.
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FIGURE 22-1: RTCC BLOCK DIAGRAM 
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22.2 RTCC Module Registers

The RTCC module registers are organized into four
categories:

• RTCC Control Registers

• RTCC Value Registers

• Alarm Value Registers

• Timestamp Registers

22.2.1 REGISTER MAPPING

Previous RTCC implementations used a Register
Pointer to access the RTCC Time and Date registers,
as well as the Alarm Time and Date registers. These
Registers are now mapped to memory and are
individually addressable.

22.2.2 WRITE LOCK

To prevent spurious changes to the RTCC Control or
RTCC Value registers, the WRLOCK bit
(RTCCON1L<11>) must be cleared (‘0’). The POR
default state is the WRLOCK bit is ‘0’ and is cleared on
any device Reset (POR, BOR, MCLR). It is recom-
mended that the WRLOCK bit be set to ‘1’ after the
RTCC Value registers are properly initialized, and after
the RTCEN bit (RTCCON1L<15>) has been set.

Any attempt to write to the RTCEN bit, the RTCCON2L/H
registers or the RTCC Value registers, will be ignored
as long as WRLOCK is ‘1’. The RTCC Control, Alarm
Value and Timestamp registers can be changed when
WRLOCK is ‘1’.

Clearing the WRLOCK bit requires an unlock sequence
after it has been written to a ‘1’, writing two bytes
consecutively to the NVMKEY register. A sample
assembly sequence is shown in Example 22-1. If
WRLOCK is already cleared, it can be set to ‘1’ without
using the unlock sequence.  

22.2.3 SELECTING RTCC CLOCK SOURCE

The clock source for the RTCC module can be selected
using the CLKSEL<1:0> bits in the RTCCON2L
register. When the bits are set to ‘00’, the Secondary
Oscillator (SOSC) is used as the reference clock and
when the bits are ‘01’, LPRC is used as the reference
clock. When CLKSEL<1:0> = 10, the external power-
line (50 Hz and 60 Hz) is used as the clock source.
When CLKSEL<1:0> = 11, the system clock is used as
the clock source.

EXAMPLE 22-1: SETTING THE WRLOCK BIT 

Note: To avoid accidental writes to the timer, it is
recommended that the WRLOCK bit
(RTCCON1L<11>) is kept clear at any
other time. For the WRLOCK bit to be set,
there is only one instruction cycle time
window allowed between the 55h/AA
sequence and the setting of WRLOCK;
therefore, it is recommended that code
follow the procedure in Example 22-1.

DISI #6 ;disable interrupts for 6 instructions
MOV #NVKEY, W1
MOV #0x55, W2 ; first unlock code
MOV W2, [W1] ; write first unlock code
MOV #0xAA, W3 ; second unlock sequence
MOV W3, [W1] ; write second unlock sequence
BCLR RTCCON1L, #WRLOCK ; clear the WRLOCK bit
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REGISTER 22-17: TSADATEL: RTCC TIMESTAMP A DATE REGISTER (LOW)(1)

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

— — DAYTEN1 DAYTEN0 DAYONE3 DAYONE2 DAYONE1 DAYONE0

bit 15 bit 8

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

— — — — — WDAY2 WDAY1 WDAY0

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 13-12 DAYTEN<1:0>: Binary Coded Decimal Value of Days ‘10’ Digit bits

Contains a value from 0 to 3.

bit 11-8 DAYONE<3:0>: Binary Coded Decimal Value of Days ‘1’ Digit bits

Contains a value from 0 to 9.

bit 7-3 Unimplemented: Read as ‘0’

bit 2-0 WDAY<2:0>: Binary Coded Decimal Value of Weekdays ‘1’ Digit bits

Contains a value from 0 to 6.

Note 1: If TSAEN = 0, bits<15:0> can be used for persistence storage throughout a non-Power-on Reset (MCLR, 
WDT, etc.).
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FIGURE 25-1: 12-BIT A/D CONVERTER BLOCK DIAGRAM 
(PIC24FJ1024GA610/GB610 FAMILY)
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REGISTER 25-2: AD1CON2: A/D CONTROL REGISTER 2

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

PVCFG1 PVCFG0 NVCFG0 — BUFREGEN CSCNA — —

bit 15 bit 8

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

BUFS SMPI4 SMPI3 SMPI2 SMPI1 SMPI0 BUFM ALTS

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 15-14 PVCFG<1:0>: A/D Converter Positive Voltage Reference Configuration bits

1x = Unimplemented, do not use
01 = External VREF+
00 = AVDD

bit 13 NVCFG0: A/D Converter Negative Voltage Reference Configuration bit

1 = External VREF-
0 = AVSS

bit 12 Reserved: Maintain as ‘0’

bit 11 BUFREGEN: A/D Buffer Register Enable bit

1 = Conversion result is loaded into the buffer location determined by the converted channel
0 = A/D result buffer is treated as a FIFO

bit 10 CSCNA: Scan Input Selections for CH0+ During Sample A bit

1 = Scans inputs
0 = Does not scan inputs

bit 9-8 Unimplemented: Read as ‘0’

bit 7 BUFS: Buffer Fill Status bit

When DMAEN = 1 and DMABM = 1:
1 = A/D is currently filling the destination buffer from [buffer start + (buffer size/2)] to 

[buffer start + (buffer size – 1)]. User should access data located from [buffer start] to 
[buffer start + (buffer size/2) – 1].

0 = A/D is currently filling the destination buffer from [buffer start] to [buffer start + (buffer size/2) – 1].
User should access data located from [buffer start + (buffer size/2)] to [buffer start + (buffer size – 1)].

When DMAEN = 0:
1 = A/D is currently filling ADC1BUF13-ADC1BUF25, user should access data in 

ADC1BUF0-ADC1BUF12
0 = A/D is currently filling ADC1BUF0-ADC1BUF12, user should access data in 

ADC1BUF13-ADC1BUF25
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bit 4 CREF: Comparator Reference Select bit (non-inverting input)

1 = Non-inverting input connects to the internal CVREF voltage
0 = Non-inverting input connects to the CxINA pin

bit 3-2 Unimplemented: Read as ‘0’ 

bit 1-0 CCH<1:0>: Comparator Channel Select bits

11 = Inverting input of the comparator connects to the internal selectable reference voltage specified
by the CVREFM<1:0> bits in the CVRCON register

10 = Inverting input of the comparator connects to the CxIND pin
01 = Inverting input of the comparator connects to the CxINC pin
00 = Inverting input of the comparator connects to the CxINB pin

REGISTER 26-1: CMxCON: COMPARATOR x CONTROL REGISTERS 
(COMPARATORS 1 THROUGH 3) (CONTINUED)

REGISTER 26-2: CMSTAT: COMPARATOR MODULE STATUS REGISTER

R/W-0 U-0 U-0 U-0 U-0 R-0, HSC R-0, HSC R-0, HSC

CMIDL — — — — C3EVT C2EVT C1EVT

bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 R-0, HSC R-0, HSC R-0, HSC

— — — — — C3OUT C2OUT C1OUT

bit 7 bit 0

Legend: HSC = Hardware Settable/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 CMIDL: Comparator Stop in Idle Mode bit

1 = Discontinues operation of all comparators when device enters Idle mode
0 = Continues 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 C3OUT: Comparator 3 Output Status bit (read-only)

Shows the current output of Comparator 3 (CM3CON<8>).

bit 1 C2OUT: Comparator 2 Output Status bit (read-only)

Shows the current output of Comparator 2 (CM2CON<8>).

bit 0 C1OUT: Comparator 1 Output Status bit (read-only)

Shows the current output of Comparator 1 (CM1CON<8>).
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REGISTER 28-2: CTMUCON1H: CTMU CONTROL REGISTER 1 HIGH

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

EDG1MOD EDG1POL EDG1SEL3 EDG1SEL2 EDG1SEL1 EDG1SEL0 EDG2STAT EDG1STAT

bit 15 bit 8

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

EDG2MOD EDG2POL EDG2SEL3 EDG2SEL2 EDG2SEL1 EDG2SEL0 — IRNGH

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 EDG1MOD: Edge 1 Edge-Sensitive Select bit

1 = Input is edge-sensitive
0 = Input is level-sensitive

bit 14 EDG1POL: Edge 1 Polarity Select bit

1 = Edge 1 is programmed for a positive edge response
0 = Edge 1 is programmed for a negative edge response

bit 13-10 EDG1SEL<3:0>: Edge 1 Source Select bits

1111 = CMP C3OUT
1110 = CMP C2OUT
1101 = CMP C1OUT
1100 = IC3 interrupt
1011 = IC2 interrupt
1010 = IC1 interrupt
1001 = CTED8 pin
1000 = CTED7 pin(1)

0111 = CTED6 pin
0110 = CTED5 pin
0101 = CTED4 pin
0100 = CTED3 pin(1)

0011 = CTED1 pin
0010 = CTED2 pin
0001 = OC1
0000 = Timer1 match

bit 9 EDG2STAT: Edge 2 Status bit

Indicates the status of Edge 2 and can be written to control current source.
1 = Edge 2 has occurred
0 = Edge 2 has not occurred

bit 8 EDG1STAT: Edge 1 Status bit

Indicates the status of Edge 1 and can be written to control current source.
1 = Edge 1 has occurred
0 = Edge 1 has not occurred

bit 7 EDG2MOD: Edge 2 Edge-Sensitive Select bit

1 = Input is edge-sensitive
0 = Input is level-sensitive

bit 6 EDG2POL: Edge 2 Polarity Select bit

1 = Edge 2 is programmed for a positive edge response
0 = Edge 2 is programmed for a negative edge response

Note 1: CTED3, CTED7, CTED10 and CTED11 are not available on 64-pin packages.
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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 = f .XOR. WREG 1 1 N, Z

XOR f,WREG WREG = f .XOR. WREG 1 1 N, Z

XOR #lit10,Wn Wd = lit10 .XOR. Wd 1 1 N, Z

XOR Wb,Ws,Wd Wd = Wb .XOR. Ws 1 1 N, Z

XOR Wb,#lit5,Wd Wd = Wb .XOR. lit5 1 1 N, Z

ZE ZE Ws,Wnd Wnd = Zero-Extend Ws 1 1 C, Z, N

TABLE 32-2: INSTRUCTION SET OVERVIEW (CONTINUED)   

Assembly
Mnemonic

Assembly Syntax Description
# of 

Words
# of 

Cycles
Status Flags 

Affected
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NOTES: 
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