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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"
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PIC24FJ64GA004 FAMILY

TABLE 1-1: DEVICE FEATURES FOR THE PIC24FJ64GA004 FAMILY

S| 8|8 | 8| 8|8 ]| 8 | 8
— ™ < © — ™ < [{e]

Operating Frequency DC - 32 MHz
Program Memory (bytes) 16K 32K 48K 64K 16K 32K 48K 64K
Program Memory (instructions) 5,504 | 11,008 | 16,512 | 22,016 | 5,504 | 11,008 | 16,512 | 22,016
Data Memory (bytes) 4096 8192 4096 8192
Interrupt Sources 43
(soft vectors/NMI traps) (39/4)
1/0 Ports Ports A, B Ports A, B, C
Total I/O Pins 21 35
Timers:

Total Number (16-bit) 5()

32-Bit (from paired 16-bit timers) 2
Input Capture Channels 5(1)
Output Compare/PWM Channels 5(1)
Input Change Notification Interrupt 21 30
Serial Communications:

UART 2M

SPI (3-wire/4-wire) 20

12C™ 2
Parallel Communications (PMP/PSP) Yes
JTAG Boundary Scan Yes
10-Bit Analog-to-Digital Module 10 13
(input channels)
Analog Comparators 2
Remappable Pins 16 26

Resets (and delays)

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

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

28-Pin SPDIP/SSOP/SOIC/QFN

44-Pin QFN/TQFP

Note 1: Peripherals are accessible through remappable pins.

© 2010-2013 Microchip Technology Inc.
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PIC24FJ64GA004 FAMILY

2.0 GUIDELINES FOR GETTING
STARTED WITH 16-BIT
MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC24FJ64GA004 family of
16-bit microcontrollers requires attention to a minimal
set of device pin connections before proceeding with
development.

The following pins must always be connected:

« All VDD and Vss pins
(see Section 2.2 “Power Supply Pins”)
» All AVDD and AVSs pins, regardless of whether or
not the analog device features are used
(see Section 2.2 “Power Supply Pins”)
* MCLR pin
(see Section 2.3 “Master Clear (MCLR) Pin")
 ENVREG/DISVREG and VCAP/VDDCORE pins
(PIC24F J devices only)
(see Section 2.4 “Voltage Regulator Pins
(ENVREG/DISVREG and VcAP/VDDCORE)")

These pins must also be connected if they are being
used in the end application:

* PGECx/PGEDx pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes
(see Section 2.5 “ICSP Pins”)

* OSCI and OSCO pins when an external oscillator
source is used
(see Section 2.6 “External Oscillator Pins”)

Additionally, the following pins may be required:

» VREF+/VREF- pins used when external voltage
reference for analog modules is implemented

Note:  The AVDD and AVss pins must always be
connected, regardless of whether any of
the analog modules are being used.

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED

MINIMUM CONNECTIONS

c2@

VDD
g 3
> >

R COEN
a MCLR (EN/DIS)VREG :
VCAP/VDDCORE —
c1 T
I PIC24FIXXXX IC7
Vss VDD
c;g?—T—_ —_T_g(z)
VDD VSSL
Q 7]
s 2 g8 9
< < > 2
H

Key (all values are recommendations):

C1 through C6: 0.1 uF, 20V ceramic

C7: 10 uF, 6.3V or greater, tantalum or ceramic

R1: 10 kQ

R2: 100Q to 470Q

Note 1: See Section 2.4 “Voltage Regulator Pins
(ENVREG/DISVREG and VCAP/VDDCORE)”
for an explanation of the ENVREG/DISVREG
pin connections.

2:  The example shown is for a PIC24F device

with five VDD/VSs and AVDD/AVSS pairs.
Other devices may have more or less pairs;
adjust the number of decoupling capacitors
appropriately.

© 2010-2013 Microchip Technology Inc.
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TABLE 4-5: INTERRUPT CONTROLLER REGISTER MAP
o | Adar | Bit1s | Bitia | Biti3 | Biti2 | Bitil | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bito [ il
INTCON1| 0080 | NSTDIS — — — — — — — — — — MATHERR | ADDRERR | STKERR | OSCFAIL — 0000
INTCON2| 0082 | ALTIVT DISI — — — — — — — — — — — INT2EP INT1EP INTOEP 0000
IFSO 0084 — — AD1IF U1TXIF | UIRXIF | SPHIF SPF1IF T3IF T2IF OC2IF IC2IF — T1IF OC1IF IC1IF INTOIF 0000
IFS1 0086 | U2TXIF | U2RXIF | INT2IF T5IF T4IF OCA4IF OC3IF — — — — INT1IF CNIF CMIF MI2C1IF | SI2C1IF 0000
IFS2 0088 — — PMPIF — — — OCS5IF — ICSIF IC4IF IC3IF — — — SPI2IF SPF2IF 0000
IFS3 008A — RTCIF — — — — — — — — — — — MI2C2IF | SI2C2IF — 0000
IFS4 008C — — — — — — — LVDIF — — — — CRCIF U2ERIF | U1ERIF — 0000
IECO 0094 — — AD1IE U1TXIE |UIRXIE| SPHMIE | SPF1IE T3IE T2IE OC2IE IC2IE — TIE OC1IE IC1IE INTOIE 0000
IEC1 0096 | U2TXIE | U2RXIE | INT2IE T5IE T4IE OC4IE OC3IE — — — — INT1IE CNIE CMIE MI2C1IE | SI2C1IE 0000
IEC2 0098 — — PMPIE — — — OCSIE — IC5IE IC4IE IC3IE — — — SPI2IE SPF2IE 0000
IEC3 009A — RTCIE — — — — — — — — — — — MI2C2IE | SI2C2IE — 0000
IEC4 009C — — — — — — — LVDIE — — — — CRCIE U2ERIE | U1ERIE — 0000
IPCO 00A4 — T1IP2 T1IP1 T1IPO — OC1IP2 | OC1IP1 | OC1IPO — IC1IP2 IC1IP1 IC1IPO — INTOIP2 | INTOIP1 INTOIPO 4444
IPC1 00A6 — T2IP2 T2IP1 T2IPO — OC2IP2 | OC2IP1 | OC2IPO — IC2IP2 IC2IP1 IC2IPO — — — — 4444
IPC2 00A8 — U1TRXIP2 | UTRXIP1 | UTRXIPO — SPI1IP2 | SPI1IP1 | SPI1IPO — SPF1IP2 | SPF1IP1 | SPF1IPO — T3IP2 T3IP1 T3IPO 4444
IPC3 00AA — — — — — — — — — AD1IP2 AD1IP1 AD1IPO — U1TXIP2 | U1TXIP1 | U1TXIPO | 4444
IPC4 00AC — CNIP2 CNIP1 CNIPO — CMIP2 CMIP1 CMIPO — MI2C1P2 | MI2C1P1 | MI2C1PO — SI2C1P2 | SI2C1P1 | SI2C1P0 | 4444
IPC5 00AE — — — — — — — — — — — — — INT1IP2 | INT1IP1 INT11PO 4444
IPC6 00BO — T41P2 T41P1 T4IPO — OC4IP2 | OC4IP1 | OCA4IPO — OC3IP2 OC3IP1 OC3IPO — — — — 4444
IPC7 00B2 — U2TXIP2 | U2TXIP1 | U2TXIPO — U2RXIP2 | U2RXIP1 | U2RXIPO — INT2IP2 INT2IP1 INT2IPO — T51P2 T51P1 T5IPO 4444
IPC8 00B4 — — — — — — — — — SPI2IP2 | SPI2IP1 SPI2IPO — SPF2IP2 | SPF2IP1 | SPF2IPO | 4444
IPC9 00B6 — IC5IP2 IC5IP1 IC51PO — IC41P2 IC41P1 IC41PO — IC3IP2 IC3IP1 IC3IPO — — — — 4444
IPC10 00B8 — — — — — — — — — OC5IP2 OC5IP1 OC5IPO — — — — 4444
IPC11 00BA — — — — — — — — — PMPIP2 PMPIP1 PMPIPO — — — — 4444
IPC12 00BC — — — — — MI2C2P2 | MI2C2P1 | MI2C2P0 — SI2C2P2 | SI2C2P1 | SI2C2P0 — — — — 4444
IPC15 00C2 — — — — — RTCIP2 | RTCIP1 | RTCIPO — — — — — — — — 4444
IPC16 00C4 — CRCIP2 | CRCIP1 | CRCIPO — U2ERIP2 | U2ERIP1 | U2ERIPO — U1ERIP2 | U1ERIP1 | U1ERIPO — — — — 4444
IPC18 00C8 — — — — — — — — — — — — — LVDIP2 LVDIP1 LVDIPO 4444
INTTREG | 00EO | CPUIRQ — VHOLD — ILR3 ILR2 ILR1 ILRO — VECNUMS6 | VECNUMS | VECNUM4 | VECNUMS3 | VECNUM2 | VECNUM1| VECNUMO | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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PIC24FJ64GA004 FAMILY

432 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

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

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

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

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

In Byte mode, either the upper or lower byte of
the lower program word is mapped to the lower
byte of a data address. The upper byte is
selected when byte select is ‘1’; the lower byte
is selected when it is ‘0’.

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

In a similar fashion, two table instructions, TBLWI'H
and TBLWIL, are used to write individual bytes or
words to a program space address. The details of
their operation are explained in Section 5.0 “Flash
Program Memory”.

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

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

FIGURE 4-6: ACCESSING PROGRAM MEMORY WITH TABLE INSTRUCTIONS
Program Space
I% [ Data E}A\<15:0> |
2 15 % 000000h — 23 M6 8 0
00000000 OO\
00000000
020000h }
> — < 00000000
030000h 00000000
‘Phantom’ Byte
~—

800000h

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

Only read operations are shown; write operations are also valid in
the user memory area.

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

© 2010-2013 Microchip Technology Inc.
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PIC24FJ64GAO004 FAMILY

7.3 Interrupt Control and Status
Registers

The PIC24FJ64GA004 family of devices implements a
total of 29 registers for the interrupt controller:

* INTCON1

* INTCON2

* IFSO through IFS4

« |IECO through IEC4

» |IPCO through IPC12, IPC15, IPC16 and IPC18
* INTTREG

Global interrupt control functions are controlled from
INTCON1 and INTCONZ2. INTCON1 contains the Inter-
rupt Nesting Disable (NSTDIS) bit, as well as the
control and status flags for the processor trap sources.
The INTCON2 register controls the external interrupt
request signal behavior and the use of the Alternate
Interrupt Vector Table.

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

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

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

The INTTREG register contains the associated inter-
rupt vector number and the new CPU Interrupt Priority
Level, which are latched into the Vector Number
(VECNUM<6:0>) and the Interrupt Level (ILR<3:0>) bit
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 that they are
listed in Table 7-2. For example, the INTO (External
Interrupt 0) is shown as having a vector number and a
natural order priority of 0. Thus, the INTOIF status bit is
found in IFS0<0>, the INTOIE enable bit in IEC0<0>
and the INTOIP<2:0> priority bits in the first position of
IPCO (IPC0<2:0>).

Although they are not specifically part of the interrupt
control hardware, two of the CPU control registers con-
tain bits that control interrupt functionality. The ALU
STATUS Register (SR) contains the IPL<2:0> bits
(SR<7:5>). These indicate the current CPU Interrupt
Priority Level. The user may change the current CPU
priority level by writing to the IPLx bits.

The CORCON register contains the IPL3 bit, which
together with IPL<2:0>, also indicates the current CPU
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 7-1
through Register 7-31, in the following pages.

DS39881E-page 62
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PIC24FJ64GA004 FAMILY

REGISTER 7-20:

IPC5: INTERRUPT PRIORITY CONTROL REGISTER 5

u-0 uU-0 uU-0 u-0 u-0 U-0 U-0 U-0
bit 15 bit 8
u-0 uU-0 u-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — INT1IP2 INT11P1 INT1IPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-3
bit 2-0

Unimplemented: Read as ‘0’
INT1IP<2:0>: External Interrupt 1 Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled

© 2010-2013 Microchip Technology Inc.
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PIC24FJ64GAO004 FAMILY

REGISTER 7-21:

IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

u-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T41P2 T41P1 T41P0O — OC41P2 OC4IP1 OC41P0
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— OC3IP2 OC3IP1 OC3IP0 — — — —
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 T4IP<2:0>: Timer4 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 0OC4IP<2:0>: Output Compare Channel 4 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 OC3IP<2:0>: Output Compare Channel 3 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 3-0 Unimplemented: Read as ‘0’

DS39881E-page 84 © 2010-2013 Microchip Technology Inc.
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REGISTER 7-24:

IPC9: INTERRUPT PRIORITY CONTROL REGISTER 9

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— IC5IP2 IC5IP1 IC5IP0O — IC41P2 IC4IP1 IC41P0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 U-0
— IC3IP2 IC3IP1 IC3IPO — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

IC5IP<2:0>: Input Capture Channel 5 Interrupt Priority bits

IC41P<2:0>: Input Capture Channel 4 Interrupt Priority bits

IC3IP<2:0>: Input Capture Channel 3 Interrupt Priority bits

bit 15 Unimplemented: Read as ‘0’

bit 14-12
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’

© 2010-2013 Microchip Technology Inc.
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PIC24FJ64GA004 FAMILY

9.0 POWER-SAVING FEATURES

Note:  This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”’,
“Power-Saving Features” (DS39698).
Additional power-saving tips can also be
foundin Appendix B: “Additional Guid-
ance for PIC24FJ64GA004 Family

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

Note: SLEEP_MODE and | DLE_MODE are con-
stants defined in the assembler include
file for the selected device.

Applications” of this document.

The PIC24FJ64GA004 family of devices provides the
ability to manage power consumption by selectively
managing clocking to the CPU and the peripherals. In
general, a lower clock frequency and a reduction in the
number of circuits being clocked constitutes lower
consumed power. All PIC24F devices manage power
consumption in four different ways:

» Clock Frequency

* Instruction-Based Sleep and Idle modes
» Software Controlled Doze mode

» Selective Peripheral Control in Software

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

9.1 Clock Frequency and Clock
Switching

PIC24F devices allow for a wide range of clock
frequencies to be selected under application control. If
the system clock configuration is not locked, users can
choose low-power or high-precision oscillators by simply
changing the NOSCx bits. The process of changing a
system clock during operation, as well as limitations to
the process, are discussed in more detail in Section 8.0
“Oscillator Configuration”.

9.2 Instruction-Based Power-Saving
Modes

PIC24F devices have two special power-saving modes
that are entered through the execution of a special
PWRSAV instruction. Sleep mode stops clock operation
and halts all code execution; Idle mode halts the CPU
and code execution, but allows peripheral modules to
continue operation. The assembly syntax of the
PWRSAV instruction is shown in Example 9-1.

EXAMPLE 9-1:

PWRSAV INSTRUCTION SYNTAX

9.2.1 SLEEP MODE
Sleep mode includes these features:

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

» The device current consumption will be reduced
to @ minimum provided that no 1/O pin is sourcing
current.

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

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

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

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

Additional power reductions can be achieved by
disabling the on-chip voltage regulator whenever Sleep
mode is invoked. This is done by clearing the PMSLP
bit (RCON<8>). Disabling the regulator adds an addi-
tional delay of about 190 us to the device wake-up
time. It is recommended that applications not using the
voltage regulator leave the PMSLP bit set. For addi-
tional details on the regulator and Sleep mode, see
Section 24.2.5 “Voltage Regulator Standby Mode”.

The device will wake-up from Sleep mode on any of
these events:

* On any interrupt source that is individually
enabled.
* On any form of device Reset.
* On aWDT time-out.
On wake-up from Sleep, the processor will restart with

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

PVRSAV #| DLE_MODE

PWRSAV #SLEEP_MODE ; Put the device into SLEEP node
Put the device into | DLE node

© 2010-2013 Microchip Technology Inc.
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REGISTER 10-11: RPINR20: PERIPHERAL PIN SELECT INPUT REGISTER 20

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

— — — SCK1R4 SCK1R3 SCK1R2 SCK1R1 SCK1RO
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

— — — SDI1R4 SDI1R3 SDI1R2 SDIMR1 SDIMRO
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 SCK1R<4:0>: Assign SPI1 Clock Input (SCK1IN) to the Corresponding RPn Pin bits
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 SDI1R<4:0>: Assign SPI1 Data Input (SDI1) to the Corresponding RPn Pin bits

REGISTER 10-12: RPINR21: PERIPHERAL PIN SELECT INPUT REGISTER 21

u-0 u-0 U-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — SS1R4 SS1R3 SS1R2 SS1R1 SS1R0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-5 Unimplemented: Read as ‘0’
bit 4-0 SS1R<4:0>: Assign SPI1 Slave Select Input (SS1IN) to the Corresponding RPn Pin bits

DS39881E-page 116 © 2010-2013 Microchip Technology Inc.
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REGISTER 11-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 U-0 R/W-0 uU-0 U-0 u-0 u-0 u-0
TON — TSIDL — — — — —
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 U-0
— TGATE TCKPS1 TCKPSO — TSYNC TCS —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 TON: Timer1 On bit
1 = Starts 16-bit Timer1
0 = Stops 16-bit Timer1
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Timer1 Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timer1 Gated Time Accumulation Enable bit
When TCS =1:
This bit is ignored.
When TCS = 0:
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled
bit 5-4 TCKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 =1:256
10 =1:64
01=1:8
00 =1:1
bit 3 Unimplemented: Read as ‘0’
bit 2 TSYNC: Timer1 External Clock Input Synchronization Select bit
When TCS = 1:
1 = Synchronizes external clock input
0 = Does not synchronize external clock input
When TCS = 0:
This bit is ignored.
bit 1 TCS: Timer1 Clock Source Select bit
1= External clock from T1CK pin (on the rising edge)
0 = Internal clock (FOsc/2)
bit 0 Unimplemented: Read as ‘0’
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FIGURE 14-1: OUTPUT COMPARE x MODULE BLOCK DIAGRAM
Set Flag bit
- OCxIF®
| OCxRs® ‘
]
| ocx®
—\/ | 0CxR® ‘ —| Output HS Q
- Logic HR
3 A Output Enable
OCM<2:0> OCFA or OCFB®
| Comparator ‘7 Mode Select® K

OCTSEL /0 1\

16 16
TMR Register Inputs Period Match Signals
from Time Bases from Time Bases
(see Note 3) (see Note 3)

Note 1: Where ‘X’ is shown, reference is made to the registers associated with the respective Output Compare
Channels 1 through 5.
2. The OCFA pin controls the OC1-OC4 channels. The OCFB pin controls the OC5 channel.
3: Each output compare channel can use one of two selectable time bases. Refer to the device data sheet for
the time bases associated with the module.
4:  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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14.4 Output Compare Register

REGISTER 14-1: OCxCON: OUTPUT COMPARE x CONTROL REGISTER

u-0 u-0 R/W-0 u-0 u-0 u-0 u-0 u-0
= — OCSIDL — — — — —
bit 15 bit 8
u-0 u-0 u-0 R-0, HC R/W-0 R/W-0 R/W-0 R/W-0
— = = OCFLT OCTSEL ocm2® ocm1® ocmo®
bit 7 bit 0
Legend: HC = Hardware Clearable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13

bit 12-5
bit 4

bit 3

bit 2-0

Unimplemented: Read as ‘0’
OCSIDL: Output Compare x Stop in Idle Mode Control bit

1 = Output Compare x halts in CPU Idle mode
0 = Output Compare x continues to operate in CPU Idle mode

Unimplemented: Read as ‘0’

OCFLT: PWM Fault Condition Status bit

1 = PWM Fault condition has occurred (cleared in HW only)

0 = No PWM Fault condition has occurred (this bit is only used when OCM<2:0> = 111)
OCTSEL: Output Compare x Timer Select bit

1= Timer3 is the clock source for Output Compare x

0 = Timer2 is the clock source for Output Compare x

Refer to the device data sheet for specific time bases available to the output compare module.
OCM<2:0>: Output Compare x Mode Select bits()

111 = PWM mode on OCx; Fault pin, OCFx, is enabled®

110 = PWM mode on OCx; Fault pin, OCFX, is disabled®
101 = Initializes OCx pin low, generates continuous output pulses on OCx pin
100 = Initializes OCx pin low, generates single output pulse on OCx pin
011 = Compare event toggles OCx pin
010 = Initializes OCx pin high, compare event forces OCx pin low
001 = Initializes OCx pin low, compare event forces OCx pin high
000 = Output compare channel is disabled
Note 1: RPORx (OCx) must be configured to an available RPn pin. For more information, see Section 10.4
“Peripheral Pin Select (PPS)".
2. The OCFA pin controls the OC1-OC4 channels. The OCFB pin controls the OC5 channel.
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REGISTER 21-1: AD1CON1: A/D CONTROL REGISTER 1

R/W-0 u-0 R/C-0 u-0 u-0 u-0 R/W-0 R/W-0
ADON® — ADSIDL — — — FORM!1 FORMO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 u-0 u-0 R/W-0 R/W-0, HSC R/W-0, HSC
SSRC2 SSRC1 SSRCO — — ASAM SAMP DONE
bit 7 bit 0
Legend: C = Clearable bit 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 ADON: A/D Operating Mode bit(})
1 = A/D Converter module is operating
0 = A/D Converter is off
bit 14 Unimplemented: Read as ‘0’
bit 13 ADSIDL: A/D 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 FORM<1:0>: Data Output Format bits
11 = Signed fractional (sddd dddd dd00 0000)
10 = Fractional (dddd dddd dd00 0000)
01 = Signed integer (ssss sssd dddd dddd)
00 = Integer (0000 00dd dddd dddd)
bit 7-5 SSRC<2:0>: Conversion Trigger Source Select bits
111 = Internal counter ends sampling and starts conversion (auto-convert)
110 = Reserved
10x = Reserved
011 = Reserved
010 = Timer3 compare ends sampling and starts conversion
001 = Active transition on INTO pin ends sampling and starts conversion
000 = Clearing the SAMP bit ends sampling and starts conversion
bit 4-3 Unimplemented: Read as ‘0’
bit 2 ASAM: A/D Sample Auto-Start bit
1 = Sampling begins immediately after last conversion completes; SAMP bit is auto-set
0 = Sampling begins when SAMP bit is set
bit 1 SAMP: A/D Sample Enable bit
1 = A/D Sample-and-Hold (S/H) amplifier is sampling input
0 = A/D Sample-and-Hold amplifier is holding
bit 0 DONE: A/D Conversion Status bit

1 = A/D conversion is done
0 = A/D conversion is NOT done

Note 1. The ADC1BUFn registers do not retain their values when ADON is cleared. Read out any conversion
values from the buffer before disabling the module.
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REGISTER 24-1: CW1: FLASH CONFIGURATION WORD 1 (CONTINUED)

bit 3-0 WDTPS<3:0>: Watchdog Timer Postscaler Select bits

1111 =1:32,768
1110 =1:16,384
1101 = 1:8,192
1100 = 1:4,096
1011 =1:2,048
1010 = 1:1,024
1001 = 1:512
1000 = 1:256
0111 =1:128
0110 = 1:64
0101 = 1:32
0100 = 1:16
0011 =1:8
0010=1:4
0001 =1:2
0000 =11
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24.2.3 ON-CHIP REGULATOR AND POR

When the voltage regulator is enabled, it takes approx-
imately 10 us for it to generate output. During this time,
designated as TVREG, code execution is disabled.
TVREG is applied every time the device resumes oper-
ation after any power-down, including Sleep mode.
TVREG is determined by the setting of the PMSLP bit
(RCON<8>) and the WUTSELx Configuration bits
(CW2<14:13>). For more information on TVREG, see
Section 27.0 “Electrical Characteristics”.

If the regulator is disabled, a separate Power-up Timer
(PWRT) is automatically enabled. The PWRT adds a
fixed delay of 64 ms nominal delay at device start-up
(POR or BOR only). When waking up from Sleep with
the regulator disabled, TVREG is used to determine the
wake-up time. To decrease the device wake-up time
when operating with the regulator disabled, the PMSLP
bit can be set.

2424 POWER-UP REQUIREMENTS

The on-chip regulator is designed to meet the power-up
requirements for the device. If the application does not
use the regulator, then strict power-up conditions must
be adhered to. While powering up, VDDCORE must
never exceed VDD by 0.3 volts.

Note: For more information, see Section 27.0
“Electrical Characteristics”.

2425 VOLTAGE REGULATOR STANDBY
MODE

When enabled, the on-chip regulator always consumes
a small incremental amount of current over IDD/IPD,
including when the device is in Sleep mode, even
though the core digital logic does not require power. To
provide additional savings in applications where power
resources are critical, the regulator automatically
places itself into Standby mode whenever the device
goes into Sleep mode. This feature is controlled by the
PMSLP bit (RCON<8>). By default, this bit is cleared,
which enables Standby mode.

For select PIC24FJ64GAQ004 family devices, the time
required for regulator wake-up from Standby mode is
controlled by the WUTSEL<1:0> Configuration bits
(CW2<14:13>). The default wake-up time for all
devices is 190 ps. Where the WUTSELx Configuration
bits are implemented, a fast wake-up option is also
available. When WUTSEL<1:0> = 01, the regulator
wake-up time is 25 ps.

Note:  This feature is implemented only on
PIC24FJ64GA004 family devices with a
major silicon revision level of B or later
(DEVREV register value is 3042h or
greater).

When the regulator’s Standby mode is turned off
(PMSLP = 1), Flash program memory stays powered
in Sleep mode and the device can wake-up in less than
10 ps. When PMSLP is set, the power consumption
while in Sleep mode will be approximately 40 pA higher
than power consumption when the regulator is allowed
to enter Standby mode.

24.3 Watchdog Timer (WDT)

For PIC24FJ64GA004 family devices, the WDT is
driven by the LPRC oscillator. When the WDT is
enabled, the clock source is also enabled.

The nominal WDT clock source from LPRC is 31 kHz.
This feeds a prescaler that can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the FWPSA Configuration bit.
With a 31 kHz input, the prescaler yields a nominal
WDT Time-out period (TwbT) 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 (CW1<3:0>), which allow 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 CLRVDT 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 bits
(RCON<3:2>) will need to be cleared in software after
the device wakes up.

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

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.
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26.0 INSTRUCTION SET SUMMARY

Note:  This chapter is a brief summary of the
PIC24F Instruction Set Architecture (ISA)
and is not intended to be a comprehensive
reference source.

The PIC24F instruction set adds many enhancements
to the previous PIC® MCU instruction sets, while main-
taining an easy migration from previous PIC MCU
instruction sets. Most instructions are a single program
memory word. Only three instructions require two
program memory locations.

Each single-word instruction is a 24-bit word divided
into an 8-bit opcode, which specifies the instruction
type and one or more operands, which further specify
the operation of the instruction. The instruction set is
highly orthogonal and is grouped into four basic
categories:

* Word or byte-oriented operations
« Bit-oriented operations

« Literal operations

» Control operations

Table 26-1 shows the general symbols used in
describing the instructions. The PIC24F instruction set
summary in Table 26-2 lists all the instructions, along
with the status flags affected by each instruction.

Most word or byte-oriented W register instructions
(including barrel shift instructions) have three
operands:

» The first source operand which is typically a
register ‘Wb’ without any address modifier

» The second source operand which is typically a
register ‘Ws’ with or without an address modifier

» The destination of the result which is typically a
register ‘Wd’ with or without an address modifier

However, word or byte-oriented file register instructions
have two operands:

» The file register specified by the value, ‘¥

* The destination, which could either be the file
register ‘¥’ or the WO register, which is denoted as
‘WREG’

Most bit-oriented instructions (including simple
rotate/shift instructions) have two operands:

* The W register (with or without an address
modifier) or file register (specified by the value of
‘Ws’ or f)

» The bit in the W register or file register
(specified by a literal value or indirectly by the
contents of register, ‘Wb’)

The literal instructions that involve data movement may
use some of the following operands:

» Aliteral value to be loaded into a W register or file
register (specified by the value of k’)

» The W register or file register where the literal
value is to be loaded (specified by ‘Wb’ or f’)

However, literal instructions that involve arithmetic or
logical operations use some of the following operands:

» The first source operand which is a register ‘Wb’
without any address modifier

» The second source operand which is a literal
value

» The destination of the result (only if not the same
as the first source operand) which is typically a
register ‘Wd’ with or without an address modifier

The control instructions may use some of the following
operands:

* A program memory address

* The mode of the table read and table write
instructions

All instructions are a single word, except for certain
double-word  instructions, which were made
double-word instructions so that all the required infor-
mation is available in these 48 bits. In the second word,
the 8 MSbs are ‘0’s. If this second word is executed as
an instruction (by itself), it will execute as a NOP.

Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
Program Counter (PC) is changed as a result of the
instruction. In these cases, the execution takes two
instruction cycles, with the additional instruction
cycle(s) executed as a NOP. Notable exceptions are the
BRA  (unconditional/computed branch), indirect
CALL/ GOTO, all table reads and writes, and
RETURN RETFI E instructions, which are single-word
instructions but take two or three cycles.

Certain instructions that involve skipping over the sub-
sequent instruction require either two or three cycles if
the skip is performed, depending on whether the
instruction being skipped is a single-word or two-word
instruction. Moreover, double-word moves require two
cycles. The double-word instructions execute in two
instruction cycles.
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

28-Lead SPDIP (.300") Example
- e3
> O R YYWWNNN > O (W 1310017 O
28-Lead SSOP (5.30 mm) Example
XXXXXXXXXXXX 24FJ16GA002
XXXXXXXXXXXX /SSe3d
YYWWNNN 1310017
0% o %
28-Lead SOIC (7.50 mm) Example
XXXXXXXXXXXXXXXXXXXX PIC24FJ16GA002/SO®E3
XXXXXXXXXXXXXXXXXXXX R\ 1310017
XXXXXXXXXXXXXXXXX XXX '
YYWWNNN
@) S @)

Legend: XX...X Customer-specific information

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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28-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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NOTE 1 I I
TOP VIEW BOTTOM VIEW

R
A3 A1
Units MILLIMETERS
Dimension Limits MIN NOM MAX

Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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