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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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PIC24FJ1024GA610/GB610 FAMILY
FIGURE 1-1: PIC24FJ1024GA610/GB610 FAMILY GENERAL BLOCK DIAGRAM
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PIC24FJ1024GA610/GB610 FAMILY
IOCD0 46 46 72 72 D9 D9 I ST PORTD Interrupt-on-Change

IOCD1 49 49 76 76 A11 A11 I ST

IOCD2 50 50 77 77 A10 A10 I ST

IOCD3 51 51 78 78 B9 B9 I ST

IOCD4 52 52 81 81 C8 C8 I ST

IOCD5 53 53 82 82 B8 B8 I ST

IOCD6 54 54 83 83 D7 D7 I ST

IOCD7 55 55 84 84 C7 C7 I ST

IOCD8 42 42 68 68 E9 E9 I ST

IOCD9 43 43 69 69 E10 E10 I ST

IOCD10 44 44 70 70 D11 D11 I ST

IOCD11 45 45 71 71 C11 C11 I ST

IOCD12 — — 79 79 A9 A9 I ST

IOCD13 — — 80 80 D8 D8 I ST

IOCD14 — — 47 47 L9 L9 I ST

IOCD15 — — 48 48 K9 K9 I ST

IOCE0 60 60 93 93 A4 A4 I ST PORTE Interrupt-on-Change

IOCE1 61 61 94 94 B4 B4 I ST

IOCE2 62 62 98 98 B3 B3 I ST

IOCE3 63 63 99 99 A2 A2 I ST

IOCE4 64 64 100 100 A1 A1 I ST

IOCE5 1 1 3 3 D3 D3 I ST

IOCE6 2 2 4 4 C1 C1 I ST

IOCE7 3 3 5 5 D2 D2 I ST

IOCE8 — — 18 18 G1 G1 I ST

IOCE9 — — 19 19 G2 G2 I ST

TABLE 1-3: PIC24FJ1024GA610/GB610 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin
Function

Pin Number/Grid Locator

I/O
Input
Buffer

Description
GA606 
64-Pin 

QFN/TQFP/
QFP

GB606 
64-Pin QFN/
TQFP/QFP

GA610 
100-Pin 
TQFP/
QFP

GB610 
100-Pin 
TQFP/
QFP

GA612 
121-Pin 

BGA

GB612 
121-Pin 

BGA

Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output I2C = I2C/SMBus input buffer
DIG = Digital input/output XCVR = Dedicated Transceiver
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FIGURE 4-1: PROGRAM SPACE MEMORY MAP FOR PIC24FJ1024GA610/GB610 FAMILY 
DEVICES

TABLE 4-1: PROGRAM MEMORY SIZES AND BOUNDARIES(1)

Device

Program Memory Upper Boundary (Instruction Words)
Write 

Blocks(2)
Erase 

Blocks(2)Single Partition 
Mode

Dual Partition Mode 

Active Partition Inactive Partition

PIC24FJ1024GX6XX 0ABFFEh (352K) 055FFEh (176K) 455FFEh (176K) 2752 344

PIC24FJ512GX6XX 055FFEh (176K) 02AFFEh (88k) 42AFFEh (88k) 1376 172

PIC24FJ256GX6XX 02AFFEh (88K) 0157FEh (44k) 4157FEh (44k) 688 86

PIC24FJ128GX6XX 015FFEh (44K) 00AFFEh (22k) 40AFFEh (22k) 352 44

Note 1: Includes Flash Configuration Words.

2: 1 Write Block = 128 Instruction Words; 1 Erase Block = 1024 Instruction Words.
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Legend: Memory areas are not shown to scale.

Note 1: Exact boundary addresses are determined by the size of the implemented program memory (Table 4-1).

Dual Partition Mode
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4.2.2 DATA MEMORY ORGANIZATION 
AND ALIGNMENT

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

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

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

All byte loads into any W register are loaded into the
LSB. The Most Significant Byte (MSB) is not modified.

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

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

4.2.3 NEAR DATA SPACE

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

4.2.4 SPECIAL FUNCTION REGISTER 
(SFR) SPACE

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

SFRs are distributed among the modules that they con-
trol and are generally grouped together by module.
Much of the SFR space contains unused addresses;
these are read as ‘0’. A diagram of the SFR space,
showing where the SFRs are actually implemented, is
shown in Table 4-3. Each implemented area indicates
a 32-byte region where at least one address is
implemented as an SFR. A complete list of imple-
mented SFRs, including their addresses, is shown in
Tables 4-3 through 4-11.

TABLE 4-3: IMPLEMENTED REGIONS OF SFR DATA SPACE

SFR Space Address 

xx00 xx10 xx20 xx30 xx40 xx50 xx60 xx70 xx80 xx90 xxA0 xxB0 xxC0 xxD0 xxE0 xxF0

000h Core

100h OSC Reset(1) EPMP CRC REFO PMD Timers CTM RTCC

200h Capture Compare MCCP Comp ANCFG

300h SCCP UART SPI

400h SPI — CLC I2C DMA

500h DMA — — — USB — — — — —

600h — — — — — I/O —

700h — A/D — — — PPS

Legend: — = No implemented SFRs in this block

Note 1: Includes HLVD control.
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TABLE 7-3: RESET DELAY TIMES FOR VARIOUS DEVICE RESETS

Reset Type Clock Source SYSRST Delay
System Clock

Delay
 Notes

POR EC TPOR + TSTARTUP + TRST — 1, 2, 3

ECPLL TPOR + TSTARTUP + TRST TLOCK 1, 2, 3, 5

XT, HS, SOSC TPOR + TSTARTUP + TRST TOST 1, 2, 3, 4

XTPLL, HSPLL TPOR + TSTARTUP + TRST TOST + TLOCK 1, 2, 3, 4, 5

FRC, OSCFDIV TPOR + TSTARTUP + TRST TFRC 1, 2, 3, 6, 7

FRCPLL TPOR + TSTARTUP + TRST TFRC + TLOCK 1, 2, 3, 5, 6

LPRC TPOR + TSTARTUP + TRST TLPRC 1, 2, 3, 6

DCO TPOR + TSTARTUP + TRST TDCO 1, 2, 3, 8

BOR EC TSTARTUP + TRST — 2, 3

ECPLL TSTARTUP + TRST TLOCK 2, 3, 5

XT, HS, SOSC TSTARTUP + TRST TOST 2, 3, 4

XTPLL, HSPLL TSTARTUP + TRST TOST + TLOCK 2, 3, 4, 5

FRC, OSCFDIV TSTARTUP + TRST TFRC 2, 3, 6, 7

FRCPLL TSTARTUP + TRST TFRC + TLOCK 2, 3, 5, 6

LPRC TSTARTUP + TRST TLPRC 2, 3, 6

DCO TPOR + TSTARTUP + TRST TDCO 1, 2, 3, 8

MCLR Any Clock TRST — 3

WDT Any Clock TRST — 3

Software Any clock TRST — 3

Illegal Opcode Any Clock TRST — 3

Uninitialized W Any Clock TRST — 3

Trap Conflict Any Clock TRST — 3

Note 1: TPOR = Power-on Reset Delay (10 s nominal).

2: TSTARTUP = TVREG.

3: TRST = Internal State Reset Time (2 s nominal).

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

5: TLOCK = PLL Lock Time.

6: TFRC and TLPRC = RC Oscillator Start-up Times.

7: If Two-Speed Start-up is enabled, regardless of the Primary Oscillator selected, the device starts with FRC 
so the system clock delay is just TFRC, and in such cases, FRC start-up time is valid; it switches to the 
Primary Oscillator after its respective clock delay.

8: TDCO = DCO Start-up and Stabilization Times.
 2015-2016 Microchip Technology Inc. DS30010074D-page 101
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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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A recommended code sequence for a clock switch
includes the following:

1. Disable interrupts during the OSCCON register
unlock and write sequence.

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

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

4. Execute the unlock sequence for the OSCCON
low byte by writing 46h and 57h to
OSCCON<7:0> in two back-to-back instructions.

5. Set the OSWEN bit in the instruction immediately
following the unlock sequence.

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

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

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

The core sequence for unlocking the OSCCON register
and initiating a clock switch is shown in Example 9-1.

EXAMPLE 9-1: BASIC CODE SEQUENCE 
FOR CLOCK SWITCHING

9.5 FRC Active Clock Tuning

PIC24FJ1024GA610/GB610 family devices include an
automatic mechanism to calibrate the FRC during run
time. This system uses active clock tuning from a source
of known accuracy to maintain the FRC within a very
narrow margin of its nominal 8 MHz frequency. This
allows for a frequency accuracy that is well within the
requirements of the “USB 2.0 Specification” regarding
full-speed USB devices. 

The self-tune system is controlled by the bits in the upper
half of the OSCTUN register. Setting the STEN bit
(OSCTUN<15>) enables the self-tuning feature, allow-
ing the hardware to calibrate to a source selected by the
STSRC bit (OSCTUN<12>). When STSRC = 1, the
system uses the Start-of-Frame (SOF) packets from an
external USB host for its source. When STSRC = 0, the
system uses the crystal-controlled SOSC for its calibra-
tion source. Regardless of the source, the system uses
the TUN<5:0> bits (OSCTUN<5:0>) to change the FRC
Oscillator’s frequency. Frequency monitoring and
adjustment is dynamic, occurring continuously during
run time. While the system is active, the TUNx bits
cannot be written to by software.

The self-tune system can generate a hardware interrupt,
FSTIF. The interrupt can result from a drift of the FRC
from the reference, by greater than 0.2% in either direc-
tion, or whenever the frequency deviation is beyond
the ability of the TUN<5:0> bits to correct (i.e.,
greater than 1.5%). The STLOCK and STOR status
bits (OSCTUN<11,9>) are used to indicate these
conditions. 

The STLPOL and STORPOL bits (OSCTUN<10,8>)
configure the FSTIF interrupt to occur in the presence
or the absence of the conditions. It is the user’s respon-
sibility to monitor both the STLOCK and STOR bits to
determine the exact cause of the interrupt.

;Place the new oscillator selection in W0
;OSCCONH (high byte) Unlock Sequence
MOV #OSCCONH, w1
MOV #0x78, w2
MOV #0x9A, w3
MOV.b w2, [w1]
MOV.b w3, [w1]
;Set new oscillator selection
MOV.b WREG, OSCCONH
;OSCCONL (low byte) unlock sequence
MOV #OSCCONL, w1
MOV #0x46, w2
MOV #0x57, w3
MOV.b w2, [w1]
MOV.b w3, [w1]
;Start oscillator switch operation
BSET OSCCON, #0

Note: The self-tune feature maintains sufficient
accuracy for operation in USB Device
mode. For applications that function as a
USB host, a high-accuracy clock source
(±0.05%) is still required. 

Note: To use the USB as a reference clock tuning
source (STSRC = 1), the microcontroller
must be configured for USB device opera-
tion and connected to a non-suspended
USB host or hub port.

If the SOSC is to be used as the reference
clock tuning source (STSRC = 0), the
SOSC must also be enabled for clock
tuning to occur.

Note: The STLPOL and STORPOL bits should
be ignored when the self-tune system is
disabled (STEN = 0).
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11.3 Interrupt-on-Change (IOC)

The Interrupt-on-Change function of the I/O ports
allows the PIC24FJ1024GA610/GB610 family of
devices to generate interrupt requests to the processor
in response to a Change-of-State (COS) on selected
input pins. This feature is capable of detecting input
Change-of-States, even in Sleep mode when the
clocks are disabled.

Interrupt-on-Change functionality is enabled on a pin
by setting the IOCPx and/or IOCNx register bit for that
pin. For example, PORTC has register names, IOCPC
and IOCNC, for these functions. Setting a value of ‘1’ in
the IOCPx register enables interrupts for low-to-high
transitions, while setting a value of ‘1’ in the IOCNx
register enables interrupts for high-to-low transitions.
Setting a value of ‘1’ in both register bits will enable
interrupts for either case (e.g., a pulse on the pin will
generate two interrupts). In order for any IOC to be
detected, the global IOC Interrupt Enable bit (IEC1<3>)
must be set, the IOCON bit (PADCON<15>) set and the
associated IFSx flag cleared.

When an interrupt request is generated for a pin, the
corresponding status flag (IOCFx register bit) will be
set, indicating that a Change-of-State occurred on that
pin. The IOCFx register bit will remain set until cleared
by writing a zero to it. When any IOCFx flag bit in a
given port is set, the corresponding IOCPxF bit in the
IOCSTAT register will be set. This flag indicates that a
change was detected on one of the bits on the given
port. The IOCPxF flag will be cleared when all
IOCFx<15:0> bits are cleared.

Multiple individual status flags can be cleared by writing
a zero to one or more bits using a Read-Modify-Write
operation. If another edge is detected on a pin whose
status bit is being cleared during the Read-Modify-
Write sequence, the associated change flag will still be
set at the end of the Read-Modify-Write sequence.

The user should use the instruction sequence (or
equivalent) shown in Example 11-1 to clear the
Interrupt-on-Change Status registers.

At the end of this sequence, the W0 register will contain
a zero for each bit for which the port pin had a change
detected. In this way, any indication of a pin changing
will not be lost.

Due to the asynchronous and real-time nature of the
Interrupt-on-Change, the value read on the port pins
may not indicate the state of the port when the change
was detected, as a second change can occur during
the interval between clearing the flag and reading the
port. It is up to the user code to handle this case if it is
a possibility in their application. To keep this interval to
a minimum, it is recommended that any code modifying
the IOCFx registers be run either in the interrupt
handler or with interrupts disabled.

Each Interrupt-on-Change (IOC) pin has both a weak
pull-up and a weak pull-down connected to it. The pull-
ups act as a current source connected to the pin, while
the pull-downs act as a current sink connected to the
pin. These eliminate the need for external resistors
when push button or keypad devices are connected.

The pull-ups and pull-downs are separately enabled
using the IOCPUx registers (for pull-ups) and the
IOCPDx registers (for pull-downs). Each IOC pin has
individual control bits for its pull-up and pull-down. Set-
ting a control bit enables the weak pull-up or pull-down
for the corresponding pin.

EXAMPLE 11-1: IOC STATUS READ/CLEAR IN ASSEMBLY

EXAMPLE 11-2: PORT READ/WRITE IN ASSEMBLY

EXAMPLE 11-3: PORT READ/WRITE IN ‘C’

Note: Pull-ups and pull-downs on pins should
always be disabled whenever the pin is
configured as a digital output.

MOV 0xFFFF, W0 ; Initial mask value 0xFFFF -> W0
XOR IOCFx, W0 ; W0 has '1' for each bit set in IOCFx
AND IOCFx ; IOCFx & W0 ->IOCFx

MOV 0xFF00, W0 ; Configure PORTB<15:8> as inputs
MOV W0, TRISB ; and PORTB<7:0> as outputs
NOP ; Delay 1 cycle
BTSS PORTB, #13 ; Next Instruction

TRISB = 0xFF00; // Configure PORTB<15:8> as inputs and PORTB<7:0> as outputs
Nop(); // Delay 1 cycle
If (PORTBbits.RB13){ }; // Test if RB13 is a ‘1’
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11.4.3.3 Mapping Limitations

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

11.4.3.4 Mapping Exceptions for 
PIC24FJ1024GA610/GB610 Family 
Devices

Although the PPS registers theoretically allow for
inputs to be remapped to up to 64 pins, or for outputs
to be remapped from 32 pins, not all of these are
implemented in all devices. For 100-pin or 121-pin
variants of the PIC24FJ1024GA610/GB610 family
devices, 32 remappable input/output pins are available
and 12 remappable input pins are available. For 64-pin
variants, 29 input/outputs and 1 input are available.
The differences in available remappable pins are
summarized in Table 11-5.

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

• For the RPINRx registers, bit combinations corre-
sponding to an unimplemented pin for a particular 
device are treated as invalid; the corresponding 
module will not have an input mapped to it.

• For RPORx registers, the bit fields corresponding 
to an unimplemented pin will also be 
unimplemented; writing to these fields will have 
no effect.

11.4.4 CONTROLLING CONFIGURATION 
CHANGES

Because peripheral remapping can be changed during
run time, some restrictions on peripheral remapping
are needed to prevent accidental configuration
changes. PIC24F devices include three features to
prevent alterations to the peripheral map:

• Control register lock sequence

• Continuous state monitoring

• Configuration bit remapping lock

11.4.4.1 Control Register Lock

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

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

1. Write 46h to OSCCON<7:0>.

2. Write 57h to OSCCON<7:0>.

3. Clear (or set) IOLOCK as a single operation.

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

11.4.4.2 Continuous State Monitoring

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

11.4.4.3 Configuration Bit Pin Select Lock

As an additional level of safety, the device can be
configured to prevent more than one write session to
the RPINRx and RPORx registers. The IOL1WAY
(FOSC<5>) Configuration bit blocks the IOLOCK bit
from being cleared after it has been set once. If
IOLOCK remains set, the register unlock procedure will
not execute and the Peripheral Pin Select Control reg-
isters cannot be written to. The only way to clear the bit
and re-enable peripheral remapping is to perform a
device Reset.

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

TABLE 11-5: REMAPPABLE PIN EXCEPTIONS FOR PIC24FJ1024GA610/GB610 FAMILY DEVICES

Device
RPn Pins (I/O) RPIn Pins

Total Unimplemented Total Unimplemented

PIC24FJXXXGB606 28 RP5, RP15, RP30, RP31 1 All except RPI37

PIC24FJXXXGX61X 32 — 12 —

PIC24FJXXXGA606 29 RP5, RP15, RP31 1 All except RPI37
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REGISTER 21-1: PMCON1: EPMP CONTROL REGISTER 1

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

PMPEN — PSIDL ADRMUX1 ADRMUX0 — MODE1 MODE0

bit 15 bit 8

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

CSF1 CSF0 ALP ALMODE — BUSKEEP IRQM1 IRQM0

bit 7 bit 0

Legend:

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

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

bit 15 PMPEN: Parallel Master Port Enable bit

1 = EPMP is enabled
0 = EPMP is disabled

bit 14 Unimplemented: Read as ‘0’

bit 13 PSIDL: Parallel Master Port Stop in Idle Mode bit

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

bit 12-11 ADRMUX<1:0>: Address/Data Multiplexing Selection bits

11 = Lower address bits are multiplexed with data bits using 3 address phases
10 = Lower address bits are multiplexed with data bits using 2 address phases
01 = Lower address bits are multiplexed with data bits using 1 address phase
00 = Address and data appear on separate pins

bit 10 Unimplemented: Read as ‘0’

bit 9-8 MODE<1:0>: Parallel Port Mode Select bits

11 = Master mode
10 = Enhanced PSP; pins used are PMRD, PMWR, PMCS, PMD<7:0> and PMA<1:0>
01 = Buffered PSP; pins used are PMRD, PMWR, PMCS and PMD<7:0>
00 = Legacy Parallel Slave Port; pins used are PMRD, PMWR, PMCS and PMD<7:0>

bit 7-6 CSF<1:0>: Chip Select Function bits

11 = Reserved
10 = PMA15 is used for Chip Select 2, PMA14 is used for Chip Select 1
01 = PMA15 is used for Chip Select 2, PMCS1 is used for Chip Select 1
00 = PMCS2 is used for Chip Select 2, PMCS1 is used for Chip Select 1

bit 5 ALP: Address Latch Polarity bit

1 = Active-high (PMALL, PMALH and PMALU)
0 = Active-low (PMALL, PMALH and PMALU)

bit 4 ALMODE: Address Latch Strobe Mode bit

1 = Enables “smart” address strobes (each address phase is only present if the current access would
cause a different address in the latch than the previous address)

0 = Disables “smart” address strobes

bit 3 Unimplemented: Read as ‘0’

bit 2 BUSKEEP: Bus Keeper bit

1 = Data bus keeps its last value when not actively being driven
0 = Data bus is in a high-impedance state when not actively being driven

bit 1-0 IRQM<1:0>: Interrupt Request Mode bits

11 = Interrupt is generated when Read Buffer 3 is read or Write Buffer 3 is written (Buffered PSP mode),
or on a read or write operation when PMA<1:0> = 11 (Addressable PSP mode only)

10 = Reserved
01 = Interrupt is generated at the end of a read/write cycle
00 = No interrupt is generated
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REGISTER 25-12: AD1CTMENH: A/D CTMU ENABLE REGISTER (HIGH WORD)

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

— CTMEN<30:28> — — CTMEN<25:24>

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

CTMEN<23:16>(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 Unimplemented: Read as ‘0’

bit 14-12 CTMEN<30:28>: CTMU Enabled During Conversion bits

1 = CTMU is enabled and connected to the selected channel during conversion
0 = CTMU is not connected to this channel

bit 11-10 Unimplemented: Read as ‘0’

bit 9-0 CTMEN<25:16>: CTMU Enabled During Conversion bits(1)

1 = CTMU is enabled and connected to the selected channel during conversion
0 = CTMU is not connected to this channel

Note 1: CTMEN<23:16> bits are not available on 64-pin parts.

REGISTER 25-13: AD1CTMENL: A/D CTMU ENABLE REGISTER (LOW WORD)

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

CTMEN<15:8>

bit 15 bit 8

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

CTMEN<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 CTMEN<15:0>: CTMU Enabled During Conversion bits

1 = CTMU is enabled and connected to the selected channel during conversion
0 = CTMU is not connected to this channel
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FIGURE 28-2: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR 
TIME MEASUREMENT (TGEN = 0)

FIGURE 28-3: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR 
PULSE DELAY GENERATION (TGEN = 1)
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REGISTER 30-4: FBSLIM CONFIGURATION REGISTER 

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1

— — — — — — — —

bit 23 bit 16

U-1 U-1 U-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1

— — — BSLIM<12:8>

bit 15 bit 8

R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1

BSLIM<7:0>

bit 7 bit 0

Legend: PO = Program Once bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’

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

bit 23-13 Unimplemented: Read as ‘1’

bit 12-0 BSLIM<12:0>: Active Boot Segment Code Flash Page Address Limit (Inverted) bits

This bit field contains the last active Boot Segment Page + 1 (i.e., first page address of GS). The value
is stored as an inverted page address, such that programming additional ‘0’s can only increase the size
of BS. If BSLIM<12:0> is set to all ‘1’s (unprogrammed default), active Boot Segment size is zero.
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30.4 Watchdog Timer (WDT)

For PIC24FJ1024GA610/GB610 family devices, the
WDT is driven by the LPRC Oscillator, the Secondary
Oscillator (SOSC) or the system timer. When the device
is in Sleep mode, the LPRC Oscillator will be used. When
the WDT is enabled, the clock source is also enabled.

The nominal WDT clock source from LPRC is 31 kHz.
This feeds a prescaler that can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the FWPSA Configuration bit.
With a 31 kHz input, the prescaler yields a nominal
WDT Time-out (TWDT) period of 1 ms in 5-bit mode or
4 ms in 7-bit mode.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPS<3:0> Con-
figuration bits (FWDT<3:0>), which allows the selection
of a total of 16 settings, from 1:1 to 1:32,768. Using the
prescaler and postscaler time-out periods, ranges from
1 ms to 131 seconds, can be achieved.

The WDT, prescaler and postscaler are reset:

• On any device Reset

• On the completion of a clock switch, whether 
invoked by software (i.e., setting the OSWEN bit 
after changing the NOSCx bits) or by hardware 
(i.e., Fail-Safe Clock Monitor)

• When a PWRSAV instruction is executed 
(i.e., Sleep or Idle mode is entered)

• When the device exits Sleep or Idle mode to 
resume normal operation

• By a CLRWDT instruction during normal execution

If the WDT is enabled, it will continue to run during
Sleep or Idle modes. When the WDT time-out occurs,
the device will wake the device and code execution will
continue from where the PWRSAV instruction was
executed. The corresponding SLEEP or IDLE
(RCON<3:2>) bits will need to be cleared in software
after the device wakes up. 

The WDT Flag bit, WDTO (RCON<4>), is not auto-
matically cleared following a WDT time-out. To detect
subsequent WDT events, the flag must be cleared in
software.  

30.4.1 WINDOWED OPERATION

The Watchdog Timer has an optional Fixed Window
mode of operation. In this Windowed mode, CLRWDT
instructions can only reset the WDT during the last 1/4
of the programmed WDT period. A CLRWDT instruction
executed before that window causes a WDT Reset,
similar to a WDT time-out.

Windowed WDT mode is enabled by programming the
WINDIS Configuration bit (FWDT<7>) to ‘0’.

30.4.2 CONTROL REGISTER

The WDT is enabled or disabled by the FWDTEN<1:0>
Configuration bits (FWDT<6:5>). When the Configura-
tion bits, FWDTEN<1:0> = 11, the WDT is always
enabled. 

The WDT can be optionally controlled in software when
the Configuration bits, FWDTEN<1:0> = 10. When
FWDTEN<1:0> = 00, the Watchdog Timer is always
disabled. The WDT is enabled in software by setting
the SWDTEN control bit (RCON<5>). The SWDTEN
control bit is cleared on any device Reset. The software
WDT option allows the user to enable the WDT for
critical code segments and disable the WDT during
non-critical code segments for maximum power savings.

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.
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TABLE 33-9: DC CHARACTERISTICS: I/O PIN OUTPUT SPECIFICATIONS  

DC CHARACTERISTICS
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

Param
 No.

Symbol Characteristic Min Typ(1) Max Units Conditions

VOL Output Low Voltage

DO10 I/O Ports — — 0.4 V IOL = 6.6 mA, VDD = 3.6V

— — 0.8 V IOL = 18 mA, VDD = 3.6V

— — 0.35 V IOL = 5.0 mA, VDD = 2V

DO16 OSCO/CLKO — — 0.18 V IOL = 6.6 mA, VDD = 3.6V

— — 0.2 V IOL = 5.0 mA, VDD = 2V

VOH Output High Voltage

DO20 I/O Ports 3.4 — — V IOH = -3.0 mA, VDD = 3.6V

3.25 — — V IOH = -6.0 mA, VDD = 3.6V

2.8 — — V IOH = -18 mA, VDD = 3.6V

1.65 — — V IOH = -1.0 mA, VDD = 2V

1.4 — — V IOH = -3.0 mA, VDD = 2V

DO26 OSCO/CLKO 3.3 — — V IOH = -6.0 mA, VDD = 3.6V

1.85 — — V IOH = -1.0 mA, VDD = 2V

Note 1: Data in the “Typ” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance 
only and are not tested.

TABLE 33-10: DC CHARACTERISTICS: PROGRAM MEMORY

DC CHARACTERISTICS
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

Param
No.

Symbol Characteristic Min Typ(1) Max Units Conditions

Program Flash Memory

D130 EP Cell Endurance 10000 — — E/W -40C to +85C

D131 VPR VDD for Read VMIN — 3.6 V VMIN = Minimum operating voltage

D132B VDD for Self-Timed Write VMIN — 3.6 V VMIN = Minimum operating voltage

D133A TIW Self-Timed Word Write 
Cycle Time

— 20 — s

Self-Timed Row Write 
Cycle Time

— 1.5 — ms

D133B TIE Self-Timed Page Erase 
Time

20 — 40 ms

D134 TRETD Characteristic Retention 20 — — Year If no other specifications are violated

D135 IDDP Supply Current during 
Programming

— 5 — mA

Note 1: Data in the “Typ” column is at 3.3V, +25°C unless otherwise stated.
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TABLE 33-24: RESET AND BROWN-OUT RESET REQUIREMENTS  

AC CHARACTERISTICS 
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

Param
No.

Symbol Characteristic Min Typ Max Units Conditions

SY10 TMCL MCLR Pulse Width (Low) 2 — — s

SY12 TPOR Power-on Reset Delay — 2 — s

SY13 TIOZ I/O High-Impedance from 
MCLR Low or Watchdog 
Timer Reset

Lesser of:
(3 TCY + 2) 

or 700

— (3 TCY + 2) s

SY25 TBOR Brown-out Reset Pulse 
Width

1 — — s VDD VBOR

SY45 TRST Internal State Reset Time — 50 — s

SY71 TPM Program Memory 
Wake-up Time

— 20 — s Sleep wake-up with 
VREGS = 1

— 1 — s Sleep wake-up with 
VREGS = 0

SY72 TLVR Low-Voltage Regulator 
Wake-up Time

— 90 — s Sleep wake-up with 
VREGS = 1

— 70 — s Sleep wake-up with 
VREGS = 0
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Microchip Technology Drawing No. C04-2213B

64-Lead Plastic Quad Flat, No Lead Package (MR) – 9x9x0.9 mm Body [QFN]
With 0.40 mm Contact Length and 7.70x7.70mm Exposed Pad

SILK SCREEN

1
2

64

C2

C1

W2

EV

ØV
Y1

X1

E

T2

RECOMMENDED LAND PATTERN

Dimension Limits
Units

C2

Optional Center Pad Width

Contact Pad Spacing

Optional Center Pad Length

Contact Pitch

T2
W2

7.50
7.50

MILLIMETERS

0.50 BSC
MIN

E
MAX

8.90

Contact Pad Length (X20)
Contact Pad Width (X20)

Y1
X1

0.90
0.30

NOM

C1Contact Pad Spacing 8.90

Contact Pad to Center Pad (X20) G 0.20
Thermal Via Diameter V
Thermal Via Pitch EV

0.30
1.00

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Notes:
Dimensioning and tolerancing per ASME Y14.5M

For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

1.

2.

G

EV

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Note:
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