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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"

Active

PIC

16-Bit

32MHz

I2C, IrDA, LINbus, PMP/PSP, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, LCD, LVD, POR, PWM, WDT
52

64KB (22K x 24)

FLASH

8K x 8

2V ~ 3.6V

A/D 16x10b/12b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-QFN (9x9)
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PIC24FJ256GA412/GB412 FAMILY

TABLE 1-3: DEVICE FEATURES FOR THE PIC24FJ256GA412/GB412 FAMILY: 121-PIN
PIC24FIXXXGA/GB412
Features
64GA 128GA 256GA 64GB 128GB 256GB
Operating Frequency DC - 32 MHz
Program Memory (bytes) 64K 128K 256K 64K 128K 256K
Program Memory (instructions) 22,016 44,032 88,064 22,016 44,032 88,064
Data Memory (bytes) 8K 16K 8K 16K
Interrupt Sources (soft vectors/ 113 (107/6)
NMI traps)
1/0 Ports Ports A,B,C,D, E,F,G H, J
Total I/O Pins 102 | 101
Remappable Pins 44 (32 1/0, 12 input only)
Timers:
Total Number (16-bit) 19(1.2)
32-Bit (from paired 16-bit timers) 9
Input Capture w/Timer Channels 6@
Output Compare/PWM Channels 62
Single Output CCP (SCCP) 6
Multiple Output CCP (MCCP) 1
Serial Communications:
UART 6
SPI (3-wire/4-wire) 4@
1°C 3
USB On-The-Go No Yes
Cryptographic Engine Yes
Parallel Communications Yes
(EPMP/PSP)
10/12-Bit Analog-to-Digital 24
Converter (A/D) (input channels)
Digital-to-Analog Converter 1
(DAC)
Analog Comparators 3
CTMU Interface Yes
LCD Controller (available pixels) 512 (64 SEG x 8 COM)
JTAG Boundary Scan Yes

Resets (and delays)

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

Instruction Set

77 Base Instructions, Multiple Addressing Mode Variations

Packages

121-Pin TFBGA

Note 1:

Includes the Timer modes of SCCP and MCCP modules.

2:  Some instantiations of these modules are only available through remappable pins.
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PIC24FJ256GA412/GB412 FAMILY

TABLE 1-4: PIC24FJ256GA412 FAMILY PINOUT DESCRIPTION (CONTINUED)
Pin/Pad Number
Pin Function 64-Pin 100-Pin | 121-Pin 110 Input Buffer Description
TQFP TQFP | TFBGA
SEG41 — 53 J10 O ANA LCD Driver Segment Outputs
SEG42 — 66 E11 o ANA
SEG43 — 67 E8 e} ANA
SEG44 — 79 A9 e} ANA
SEG45 — 80 D8 o} ANA
SEG46 — 89 E6 o ANA
SEG47 59 88 A6 (e} ANA
SEG48 — 17 G3 e} ANA
SEG49 — 90 A5 e} ANA
SEG50 — 1 B2 (e} ANA
SEG51 — E4 (e} ANA
SEG52 — 9 E1 (e} ANA
SEG53 — 39 L6 o ANA
SEG54 — 40 K6 o ANA
SEG55 — 58 H11 o ANA
SEG56 — 59 G10 o} ANA
SEG57 — 91 C5 o} ANA
SEG58 — 92 B5 o ANA
SEG59 — 95 C4 o ANA
SEG60 — 96 C3 o ANA
SEG61 — 97 A3 o} ANA
SEG62 64 100 A1 e} ANA
SEG63 18 27 J3 o ANA
SOSCI 47 73 c10 — — Secondary Oscillator/Timer1 Clock Input
SOSCO 48 74 B11 — — Secondary Oscillator/Timer1 Clock Output
SS4/FSYNC4 24 35 K5 I/0 DIG/ST SPI4 Slave Select/Frame Sync
T1CK 22 33 L4 | ST Timer1 Clock
TCK 27 38 J6 | ST JTAG Test Clock/Programming Clock Input
TDI 28 60 GM11 | ST JTAG Test Data/Programming Data Input
TDO 24 61 G9 o DIG JTAG Test Data Output
TMPR 22 33 L4 — — Tamper Detect Input
TMS 23 17 G3 | ST JTAG Test Mode Select Input
U5CTS 58 87 B6 | ST UARTS Clear-to-Send Output
U5RTS/U5SBCLK 55 84 c7 (0] DIG UART5 Request-to-Send Input
U5RX 54 83 D7 | ST UARTS5 Receive Input
U5sTX 49 76 A1 o DIG UARTS5 Transmit Output
UBCTS 46 72 D9 [ ST UARTS6 Clear-to-Send Output
UBRTS/UBBCLK 42 68 E9 o) DIG UART6 Request-to-Send Input
UBRX 27 41 J7 | ST UART6 Receive Input
U6TX 18 27 J3 (6] DIG UART®6 Transmit Output
USBID — — — I ST USB OTG ID Input
USBOEN — — — 0 DIG USB Output Enable (active-low)
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog-level input/output
DIG = Digital input/output
SMB = SMBus

12C = 12C/SMBus input buffer
XCVR = Dedicated transceiver
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PIC24FJ256GA412/GB412 FAMILY

TABLE 1-4: PIC24FJ256GA412 FAMILY PINOUT DESCRIPTION (CONTINUED)

Pin/Pad Number
Pin Function 64-Pin 100-Pin | 121-Pin I/0 Input Buffer Description
TQFP TQFP TFBGA
VBAT 57 86 A7 P — Backup Battery
VBUS — — — P — VBUS Supply
Vcap 56 85 B7 110 — External Filter Capacitor Connection (regulator
enabled)
VDD 10,26,38 | 2,16,37, |C2,G5,H6, P — Positive Supply for Peripheral Digital Logic and
46,62 K8,F8,E7 I/O Pins
VDD — — D6 P —
VLCAP1 5 11 F4 (6] ANA LCD Drive Charge Pump Capacitor Inputs
VLCAP2 6 12 F2 (0] ANA
VREF+ 16 25,29 K2,K3 | ANA Comparator and A/D Reference Voltage (high)
Input
VREF- 15 24,28 K1,L2 | ANA Comparator and A/D Reference Voltage (low)
Input
Vss 9,25,41 | 15,36,45, |F5,G6,G7, P — Ground Reference for Peripheral Digital Logic and
65,75 F10,D10, I/O Pins
B10
Vss — — C6 P —
VUsSB3V3 — — — P — 3.3V Vuss
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog-level input/output I2C = 12C/SMBus input buffer
DIG = Digital input/output XCVR = Dedicated transceiver
SMB = SMBus
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PIC24FJ256GA412/GB412 FAMILY

TABLE 1-5: PIC24FJ256GB412 FAMILY PINOUT DESCRIPTION (CONTINUED)
Pin/Pad Number
Pin Function 64-Pin 100-Pin | 121-Pin 1/0 Input Buffer Description
TQFP TQFP TFBGA

SEGO 4 10 E3 O ANA LCD Driver Segment Outputs
SEG1 8 14 F3 o ANA
SEG2 1 20 H1 o} ANA
SEG3 12 21 H2 o} ANA
SEG4 13 22 J1 (0] ANA
SEG5 14 23 J2 (0] ANA
SEG6 15 24 K1 (6] ANA
SEG7 16 25 K2 o ANA
SEG8 29 43 K7 o ANA
SEG9 30 44 L8 o} ANA
SEG10 31 49 L10 (0] ANA
SEGM1 32 50 L11 (0] ANA
SEG12 33 51 K10 (0] ANA
SEG13 42 68 E9 o ANA
SEG14 43 69 E10 o ANA
SEG15 44 70 D11 o ANA
SEG16 45 71 Cc1 (0] ANA
SEG17 46 72 D9 (0] ANA
SEG18 27 41 J7 (0] ANA
SEG19 28 42 L7 o} ANA
SEG20 49 76 A11 o} ANA
SEG21 50 77 A10 o ANA
SEG22 51 78 B9 (0] ANA
SEG23 52 81 C8 (0] ANA
SEG24 53 82 B8 (0] ANA
SEG25 54 83 D7 o} ANA
SEG26 55 84 C7 o} ANA
SEG27 58 87 B6 o ANA
SEG28 — 61 G9 o ANA
SEG29 23 34 H5 (0] ANA
SEG30 22 33 L4 (0] ANA
SEG31 21 32 K4 o ANA
SEG32 — 6 D1 o ANA
SEG33 — 8 E2 o ANA
SEG34 — 18 G1 o ANA
SEG35 — 19 G2 (0] ANA
SEG36 — 28 L2 o} ANA
SEG37 — 29 K3 o} ANA
SEG38 — 47 L9 o} ANA
SEG39 — 48 K9 (6] ANA
SEG40 — 52 K11 (0] ANA

Legend: TTL = TTL input buffer

ANA = Analog-level input/output

DIG = Digital input/output
SMB = SMBus

ST = Schmitt Trigger input buffer
I2C = 12C/SMBus input buffer
XCVR = Dedicated transceiver
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PIC24FJ256GA412/GB412 FAMILY

REGISTER 3-2: CORCON: CPU CORE CONTROL REGISTER

u-0 u-0 uU-0 uU-0 uU-0 uU-0 uU-0 u-0
bit 15 bit 8
uU-0 uU-0 uU-0 u-0 R/C-0 r-1 uU-0 uU-0
— — — — IPL3M — — —
bit 7 bit 0
Legend: C = Clearable bit r = Reserved bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-4 Unimplemented: Read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit™®

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

bit 2 Reserved: Read as ‘1’
bit 1-0 Unimplemented: Read as ‘0’

Note 1: The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level,
see Register 3-1 for bit description.
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5.1 Summary of DMA Operations

The DMA Controller is capable of moving data between
addresses according to a number of different para-
meters. Each of these parameters can be independently
configured for any transaction. In addition, any or all of
the DMA channels can independently perform a different
transaction at the same time. Transactions are classified
by these parameters:

» Source and destination (SFRs and data RAM)

+ Data size (byte or word)

 Trigger source

» Transfer mode (One-Shot, Repeated or
Continuous)

» Addressing modes (Fixed Address or
Address Blocks with or without Address
Increment/Decrement)

In addition, the DMA Controller provides channel priority
arbitration for all channels.

5.1.1 SOURCE AND DESTINATION

Using the DMA Controller, data may be moved between
any two addresses in the Data Space. The SFR space
(0000h to 07FFh) or the data RAM space (0800h to
FFFFh) can serve as either the source or the destina-
tion. Data can be moved between these areas in either
direction or between addresses in either area. The four
different combinations are shown in Figure 5-2.

If it is necessary to protect areas of data RAM, the DMA
Controller allows the user to set upper and lower address
boundaries for operations in the Data Space above the
SFR space. The boundaries are set by the DMAH and
DMAL Limit registers. If a DMA channel attempts an
operation outside of the address boundaries, the
transaction is terminated and an interrupt is generated.

5.1.2 DATA SIZE

The DMA Controller can handle both 8-bit and 16-bit
transactions. Size is user-selectable using the SIZE bit
(DMACHnN<1>). By default, each channel is configured
for word-size transactions. When byte-size transac-
tions are chosen, the LSb of the source and/or
destination address determines if the data represents
the upper or lower byte of the data RAM location.

5.1.3 TRIGGER SOURCE

The DMA Controller can use 63 of the device’s interrupt
sources to initiate a transaction. The DMA trigger
sources occur in reverse order than their natural
interrupt priority and are shown in Table 5-1.

Since the source and destination addresses for any
transaction can be programmed independently of the
trigger source, the DMA Controller can use any trigger
to perform an operation on any peripheral. This also
allows DMA channels to be cascaded to perform more
complex transfer operations.

514 TRANSFER MODE

The DMA Controller supports four types of data
transfers, based on the volume of data to be moved for
each trigger.

» One-Shot: A single transaction occurs for each
trigger.

» Continuous: A series of back-to-back transactions
occur for each trigger; the number of transactions is
determined by the DMACNTRN transaction counter.

* Repeated One-Shot: A single transaction is
performed repeatedly, once per trigger, until the
DMA channel is disabled.

» Repeated Continuous: A series of transactions
are performed repeatedly, one cycle per trigger,
until the DMA channel is disabled.

All transfer modes allow the option to have the source
and destination addresses, and counter value, auto-
matically reloaded after the completion of a transaction;
Repeated mode transfers do this automatically.

5.1.5 ADDRESSING MODES

The DMA Controller also supports transfers between
single addresses or address ranges. The four basic
options are:

» Fixed-to-Fixed: Between two constant addresses

» Fixed-to-Block: From a constant source address
to a range of destination addresses

* Block-to-Fixed: From a range of source addresses
to a single, constant destination address

* Block-to-Block: From a range of source
addresses to a range of destination addresses

The option to select auto-increment or auto-decrement
of source and/or destination addresses is available for
Block Addressing modes.

In addition to the four basic modes, the DMA Controller
also supports Peripheral Indirect Addressing (PIA)
mode, where the source or destination address is gen-
erated jointly by the DMA Controller and a PIA-capable
peripheral. When enabled, the DMA channel provides
a base source and/or destination address, while the
peripheral provides a fixed range offset address.

For PIC24FJ256GA412/GB412 family devices, the
12-bit A/D Converter module is the only PIA-capable
peripheral. Details for its use in PIA mode are provided
in Section 27.0 “12-Bit A/D Converter with Threshold
Detect”.
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PIC24FJ256GA412/GB412 FAMILY

REGISTER 8-28: 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
— T4IP2 T4IP1 T4IP0 — 0OC41P2 OC4IP1 OC41P0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— OC3IP2 OC3IP1 OC3IPO — DMA2IP2 DMA2IP1 DMAZ2IPO
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 T41P<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 OC41P<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 Unimplemented: Read as ‘0’

bit 2-0 DMAZ2IP<2:0>: DMA Channel 2 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled
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PIC24FJ256GA412/GB412 FAMILY

REGISTER 8-37: IPC15: INTERRUPT PRIORITY CONTROL REGISTER 15

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— CCP1IP2 CCP1IP1 CCP1IPO — RTCIP2 RTCIP1 RTCIPO
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— DMAS5IP2 DMAS5IP1 DMAS5IPO — SPI3RXIP2 | SPI3RXIP1 | SPI3RXIPO
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 CCP1IP<2:0>: MCCP1 Capture/Compare 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 RTCIP<2:0>: Real-Time Clock and Calendar 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 DMAS5IP<2:0>: DMA Channel 5 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 SPI3RXIP<2:0>: SPI3 Receive Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
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REGISTER 8-48: IPC26: INTERRUPT PRIORITY CONTROL REGISTER 26

uU-0 u-0 uU-0 u-0 uU-0 R/W-1 R/W-0 R/W-0
— — — — — FSTIP2 FSTIP1 FSTIPO
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 uU-0 U-0 U-0 u-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 15-11 Unimplemented: Read as ‘0’
bit 10-8 FSTIP<2:0>: FRC Self-Tune Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

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

bit 7-0 Unimplemented: Read as ‘0’
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PIC24FJ256GA412/GB412 FAMILY

9.0 OSCILLATOR
CONFIGURATION
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”, “Oscillator” (DS39700). The
information in this data sheet supersedes
the information in the FRM.

The oscillator system for PIC24FJ256GA412/GB412
family devices has the following features:

» A Total of Four External and Internal Oscillator Options
as Clock Sources, providing 11 Different Clock Modes

FIGURE 9-1:

* An On-Chip PLL Block to provide a Wide Range of
Precise Frequency Options for the System Clock, plus
a Stable 48 MHz Clock for USB Devices

» Software-Controllable Switching between Various
Clock Sources

» Software-Controllable Postscaler for Selective
Clocking of CPU for System Power Savings

» A Fail-Safe Clock Monitor (FSCM) that Detects
Clock Failure and Permits Safe Application
Recovery or Shutdown

» A Separate and Independently Configurable
Reference Clock for Synchronizing External Hardware

A simplified diagram of the oscillator system is shown
in Figure 9-1.

PIC24FJ256GA412/GB412 FAMILY GENERAL CLOCK DIAGRAM

PIC24FJ256GX412 Family
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11.1.1 I/0 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, 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.

Information on voltage tolerance is provided in the pinout
diagrams in the beginning of this data sheet. For
more information, refer to Section 36.0 “Electrical
Characteristics” for more details.

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

Pin Function S'Aé’t\:snxg sTeF:tIﬁ]); 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.
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13.0 TIMER2/3 AND TIMER4/5

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). The infor-
mation in this data sheet supersedes the
information in the FRM.

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.

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.

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. Setthe Clock and Gating modes using the TCS
and TGATE bits. If TCS is set to an external
clock, RPINRx (TxCK) must be configured to
an available RPn/RPIn pin. For more informa-
tion, see Section 11.5 “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 (Isw).

5. Ifinterrupts are required, set the interrupt enable
bit, T3IE or TSIE. Use the priority bits, T3I1P<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 11.5 “Peripheral
Pin Select (PPS)” for more information.

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

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

6. Setthe TON (TxCON<15> = 1) bit.
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NOTES:
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FIGURE 16-1: OUTPUT COMPARE x BLOCK DIAGRAM (16-BIT MODE)
_____ OCM<2:0>
r OCINV
| OCxCONT1 OCTRIS
OCTSEL<2:0> FLTOUT
SYNCSEL<4:0> 'L OCxCON2 FLTTRIEN
TRIGSTAT |\ = — — — — FLTMD
TRIGMODE ENFLT<2:0>
OCTRIG . OCFLT<2:0>
DCB<1:0> DCB<1:0>
r——- - - - al . l
| Match Event OCx Pin®
—p Increment
OCx Clock Clock
Sources Select
» OCx Output and
\ Fault Logic
: Match Event OCFA/OCFB®@
' '  —
| ) |
Trigger and Triggerand | |
Sync Sources Sync Logic | | A
! I Reset
| t
| |
IL ______ _: OCx Interrupt

Section 11.5 “Peripheral Pin Select (PPS)".

see Section 11.5 “Peripheral Pin Select (PPS)”.

Note 1: The OCx outputs must be assigned to an available RPn pin before use. For more information, see

2:  The OCFA/OCFB Fault inputs must be assigned to an available RPn/RPIn pin before use. For more information,

16.2 Compare Operations

In Compare mode (Figure 16-1), the output compare
module can be configured for single-shot or continuous
pulse generation. It can also repeatedly toggle an
output pin on each timer event.

To set up the module for compare operations:

1. Configure the OCx output for one of the
available Peripheral Pin Select pins.

2. Calculate the required values for the OCxR and
(for Double Compare modes) OCxRS Duty
Cycle registers:

a) Determine the instruction clock cycle time.
Take into account the frequency of the
external clock to the timer source (if one is
used) and the timer prescaler settings.

b) Calculate the time to the rising edge of the
output pulse relative to the timer start value
(0000h).

c) Calculate the time to the falling edge of the
pulse based on the desired pulse width and
the time to the rising edge of the pulse.

Write the rising edge value to OCxR and the
falling edge value to OCxRS.

Set the Timer Period register, PRy, to a value
equal to or greater than the value in OCxRS.

Set the OCM<2:0> bits for the appropriate
compare operation (‘Oxx’).

For Trigger mode operations, set OCTRIG to
enable Trigger mode. Set or clear TRIGMODE
to configure trigger operation and TRIGSTAT to
select a hardware or software ftrigger. For
Synchronous mode, clear OCTRIG.

Set the SYNCSEL<4:0> bits to configure the
trigger or synchronization source. If free-running
timer operation is required, set the SYNCSELx
bits to ‘00000’ (no syncl/trigger source).

Select the time base source with the
OCTSEL<2:0> bits. If necessary, set the TON
bits for the selected timer, which enables the
compare time base to count. Synchronous
mode operation starts as soon as the time base
is enabled; Trigger mode operation starts after a
trigger source event occurs.
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25.11 Programming CFGPAGE (Page 0)
Configuration Bits

1. If not already set, set the CRYON bit. Set
KEYPG<3:0> to ‘0000’.

2. Read the PGMFAIL status bit. If this bitis ‘1’, an
illegal configuration has been selected and the
programming operation will not be performed.

3. Write the data to be programmed into the Configu-
ration Page into CRYTXTC<31:0>. Any bits that are
set (‘1’) will be permanently programmed, while any
bits that are cleared (‘0’) will not be programmed
and may be programmed at a later time.

4. Setthe CRYWR bit. Poll the bit until it is cleared;
alternatively, set the OTPIE bit (CRYOTP<6>) to
enable the optional OTP done interrupt.

5. Once all programming has completed, set the
CRYREAD bit to reload the values from the
on-chip storage. A read operation must be
performed to complete programming.

Note: Do not clear the CRYON bit while the
CRYREAD bit is set; this will result in an
incomplete read operation and unavailable
key data. To recover, set CRYON and
CRYREAD, and allow the read operation to
fully complete.

6. Poll the CRYREAD bit until it is cleared; alterna-
tively, set the OTPIE bit (CRYOTP<6>) to
enable the optional OTP done interrupt.

7. For production programming, the TSTPGM bit can
be set to indicate a successful programming oper-
ation. When TSTPGM is set, the PGMTST bit
(CRYOTP<7>) will also be set, allowing users to
see the OTP array status by performing a read
operation on the array.

Note: If the device enters Sleep mode during OTP
programming, the contents of the OTP
array may become corrupted. This is not a
recoverable error. Users must ensure that
entry into power-saving modes is disabled
before OTP programming is performed.

25.12 Programming Keys

1.
2.

If not already set, set the CRYON bit.

Configure KEYPG<3:0> to the page you want to
program.

Select the key storage destination using the
KEYPSEL bit (CRYOTP<8>).

Read the PGMFAIL status bit. If this bit is ‘1’, an
illegal configuration has been selected and the
programming operation will not be performed.
Write the data to be programmed into the Configu-
ration Page into CRYTXTC<63:0>. Any bits that
are set (‘1) will be permanently programmed,
while any bits that are cleared (‘0’) will not be
programmed and may be programmed at a later
time.

Set the CRYWR bit. Poll the bit until it is cleared;
alternatively, set the OTPIE bit (CRYOTP<6>) to
enable the optional OTP done interrupt.

Repeat Steps 2 through 5 for each OTP array
page to be programmed.

Once all programming has completed, set the
CRYREAD bit to reload the values from the
on-chip storage. A read operation must be
performed to complete programming.

Note: Do not clear the CRYON bit while the

CRYREAD bit is set; this will result in an
incomplete read operation and unavailable
key data. To recover, set CRYON and
CRYREAD, and allow the read operation to
fully complete.

10.

Poll the CRYREAD bit until it is cleared; alterna-
tively, set the OTPIE bit (CRYOTP<6>) to
enable the optional OTP done interrupt.

For production programming, the TSTPGM bit
can be set to indicate a successful programming
operation. When TSTPGM is set, the PGMTST
bit (CRYOTP<7>) will also be set, allowing
users to see the OTP array status by performing
a read operation on the array.

Note: If the device enters Sleep mode during OTP

programming, the contents of the OTP array
may become corrupted. This is not a recov-
erable error. Users must ensure that entry
into power-saving modes is disabled before
OTP programming is performed.
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REGISTER 25-1: CRYCONH: CRYPTOGRAPHIC CONTROL HIGH REGISTER

u-0 R/W-0) R/W-01) R/wW-0) R/W-0®) R/W-0®) R/W-0) R/W-00)
— CTRSIZE6?@3|CTRSIZES?3) | CTRSIZE4@3 | CTRSIZE3(3) | CTRSIZE2(23) | CTRSIZE1(23) | CTRSIZEQ?ED
bit 15 bit 8
R/W-0®) R/W-0() R/W-01) R/S-0() R/W-0®) R/W-0®) R/W-0() R/W-0®)
SKEYSEL | KEYMOD1® | KEYMODO®@ | KEYWIPE | KEYSRC3@ | KEYSRC2® | KEYSRC1®@ | KEYSRCO®
bit 7 bit 0
Legend: S = Settable Only 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 Unimplemented: Read as ‘0’

bit 14-8 CTRSIZE<6:0>: Counter Size Select bits(123)
Counter is defined as CRYTXTB<n:0>, where n = CTRSIZEx. The counter increments after each
operation and generates a rollover event when the counter rolls over from (2”'1 -1)to 0.
1111111 =128 bits (CRYTXTB<127:0>)
1111110 =127 bits (CRYTXTB<126:0>)

0000010 = 3 bits (CRYTXTB<2:0>)
0000001 = 2 bits (CRYTXTB<1:0>)
0000000 = 1 bit (CRYTXTB<0>); rollover event occurs when CRYTXTB<0> toggles from ‘1’ to ‘0’
bit 7 SKEYSEL: Session Key Select bit()
1 = Key generation/encryption/loading performed with CRYKEY<255:128>
0 = Key generation/encryption/loading performed with CRYKEY<127:0>
bit 6-5 KEYMOD<1:0>: AES/DES Encrypt/Decrypt Key Mode/Key Length Select bits(1:2)
For DES Encrypt/Decrypt Operations (CPHRSEL = 0):
11 = 64-bit, 3-key 3DES
10 = Reserved
01 = 64-bit, standard 2-key 3DES
00 = 64-bit DES
For AES Encrypt/Decrypt Operations (CPHRSEL = 1):
11 = Reserved
10 = 256-bit AES
01 = 192-bit AES
00 = 128-bit AES
bit 4 KEYWIPE: Key RAM Erase Enable bit()
1 = Erases Key RAM (set only by software, cleared only by hardware on the next clock cycle)
0 = Key RAM erase has not been requested or has completed
bit 3-0 KEYSRC<3:0>: Cipher Key Source bits(1:2)
Refer to Table 25-1 and Table 25-2 for KEYSRC<3:0> values.

Note 1: These bits are reset on system Resets or whenever the CRYMD bit (PMD8<0>) is set.
2:  Wirites to these bit fields are locked out whenever an operation is in progress (CRYGO bit is set).
3: Used only in CTR operations when CRYTXTB is being used as a counter; otherwise, these bits have no effect.
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REGISTER 32-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER

R/W-0 U-0 R/W-0 u-0 U-0 uU-0 U-0 U-0
HLVDEN — LSIDL — — — — —
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
VDIR BGVST IRVST — HLVDL3 HLVDL2 HLVDL1 HLVDLO
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

1 = Discontinues module operation when device enters Idle mode

1 = Event occurs when voltage equals or exceeds trip point (HLVDL<3:0>)
0 = Event occurs when voltage equals or falls below trip point (HLVDL<3:0>)

1 = Internal reference voltage is stable; the High-Voltage Detect logic generates the interrupt flag at the

0 = Internal reference voltage is unstable; the High-Voltage Detect logic will not generate the interrupt
flag at the specified voltage range and the HLVD interrupt should not be enabled

bit 15 HLVDEN: High/Low-Voltage Detect Power Enable bit
1 = HLVD is enabled
0 = HLVD is disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 LSIDL: HLVD Stop in Idle Mode bit
0 = Continues module operation in Idle mode
bit 12-8 Unimplemented: Read as ‘0’
bit 7 VDIR: Voltage Change Direction Select bit
bit 6 BGVST: Band Gap Voltage Stable Flag bit
1 = Indicates that the band gap voltage is stable
0 = Indicates that the band gap voltage is unstable
bit 5 IRVST: Internal Reference Voltage Stable Flag bit
specified voltage range
bit 4 Unimplemented: Read as ‘0’
bit 3-0

HLVDL<3:0>: High/Low-Voltage Detection Limit bits

1111 = External analog input is used (input comes from the LVDIN pin)
1110 = Trip Point 13

1101 = Trip Point 2

1100 = Trip Point 3

0100 = Trip Point 11(1)

00xx = Unused

Note 1: For the actual trip point, see Section 36.0 “Electrical Characteristics”.
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TABLE 35-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonis Assembly Syntax Description words | Cycles | Affectod
TBLRDH TBLRDH W, Wi Read Prog<23:16> to Wd<7:0> 1 2 None
TBLRDL TBLRDL W, Wi Read Prog<15:0> to Wd 1 2 None
TBLWI'H TBLWI'H Ws, Wi Write Ws<7:0> to Prog<23:16> 1 2 None
TBLWIL TBLWIL W, Wi 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 #it10, W Wd = 1it10 .XOR. Wd 1 1 N, Z
XOR W, V&, Wi Wd = Wb .XOR. Ws 1 1 N, Z
XOR W, #lit5, Wi Wd = Wb .XOR. lit5 1 1 N, Z
ZE ZE Ws, Whd Wnd = Zero-Extend Ws 1 1 C,Z N

© 2015-2016 Microchip Technology Inc. DS30010089D-page 497



PIC24FJ256GA412/GB412 FAMILY

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Architecture

Product Group
Pin Count

Microchip Trademark

Flash Memory Family

Program Memory Size (Kbytes)

PIC 24 FJ 256 GB4 10

I-1/PT-XX

Package

Tape and Reel Flag (if applicable)
Temperature Range

Pattern

Architecture

Flash Memory Family

Product Group

Pin Count

Temperature Range

Package

Pattern

24

16-Bit Modified Harvard without DSP

Flash Program Memory

General Purpose Microcontrollers with Dual Partition
Flash Program Memory and XLP Technology
USB OTG Microcontrollers with Dual Partition
Flash Program Memory and XLP Technology

64-pin (TQFP, QFN)
100-pin (TQFP)
121-pin (TFBGA)

-40°C to +85°C (Industrial)

121-ball (10x10x1.1 mm) TFBGA (Ball Grid Array)
100-lead (12x12x1 mm) TQFP (Thin Quad Flatpack)
64-lead (10x10x1 mm) TQFP (Thin Quad Flatpack)
64-lead (9x9x0.9 mm) QFN (Quad Flatpack, No Lead)

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

ES

Engineering Sample

Examples:

a)

b)

PIC24FJ64GA406-I/MR:

PIC24F General Purpose Device with Dual
Partition Flash Program Memory and XLP
Technology, 64-Kbyte Program Memory,
64-Pin, Industrial Temp., QFN Package.

PIC24FJ128GB410-I/PT:

PIC24F USB OTG Device with Dual Partition
Flash Program Memory and XLP Technology,
128-Kbyte Program Memory, 100-Pin, Industrial
Temp., TQFP Package.

PIC24FJ256GB412-1/BG:
PIC24F USB OTG Device with Dual Partition
Flash Program Memory and XLP Technology,
256-Kbyte Program Memory, 121-Pin, Industrial
Temp., TFBGA Package.
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