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PIC24FJ128GB204 FAMILY

TABLE 1-3: PIC24FJ128GB204 FAMILY PINOUT DESCRIPTION (CONTINUED)
Pin Number/Grid Locator
Pin Function | _2Pin | 5.pin | g4pin | O anput Description
SSOP QFN-S | TQFP/QFN
CTED1 2 27 19 | ANA |CTMU External Edge Inputs.
CTED2 3 28 20 | ANA
CTED3 16 13 43 | ANA
CTED4 18 15 1 | ANA
CTED5 25 22 14 | ANA
CTEDG6 26 23 15 | ANA
CTED7 — — 5 | ANA
CTEDS8 7 4 24 | ANA
CTED9 22 19 9 | ANA
CTED10 17 14 44 | ANA
CTEDM1M 21 18 8 | ANA
CTED12 5 2 22 | ANA
CTED13 6 3 23 | ANA
CTPLS 24 21 11 (0] — |CTMU Pulse Output.
CVREF 25 22 14 (0] ANA |Comparator Voltage Reference Output.
CVREF+ 2 27 19 | ANA |Comparator Voltage Reference (high) Input.
CVREF- 3 28 20 | ANA |Comparator Voltage Reference (low) Input.
D+ 21 18 8 110 — |USB Differential Plus Line (internal transceiver).
D- 22 19 9 1/0 — |USB Differential Minus Line (internal transceiver).
INTO 16 13 43 | ST |External Interrupt Input O.
HLVDIN 4 1 21 | ANA |High/Low-Voltage Detect Input.
MCLR 1 26 18 I ST |Master Clear (device Reset) Input. This line is
brought low to cause a Reset.
OSClI 9 6 30 | ANA |Main Oscillator Input Connection.
0OSCO 10 7 31 (0] — |Main Oscillator Output Connection.
PGC1 5 2 22 1/0 ST |In-Circuit Debugger/Emulator/ICSP™
PGC2 22 19 9 1/O sT |Programming Clock.
PGC3 3 28 20 I/0 ST
PGD1 4 1 21 /0 ST
PGD2 21 18 8 I/0 ST
PGD3 2 27 19 I/0 ST
Legend: ST = Schmitt Trigger input TTL = TTL compatible input | = Input
ANA = Analog input O = Output P = Power

I2C = ST with I’C™ or SMBus levels
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3.0 CPU

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 on the CPU,
refer to the “dsPIC33/PIC24 Family Refer-
ence Manual”, “CPU with Extended
Data Space (EDS)” (DS39732). The infor-
mation in this data sheet supersedes the
information in the FRM.

The PIC24F CPU has a 16-bit (data) modified Harvard
architecture with an enhanced instruction set and a
24-bit instruction word with a variable length opcode
field. The Program Counter (PC) is 23 bits wide and
addresses up to 4M instructions of user program
memory space. A single-cycle instruction prefetch
mechanism is used to help maintain throughput and
provides predictable execution. All instructions execute
in a single cycle, with the exception of instructions that
change the program flow, the double-word move
(Mov.D) instruction and the table instructions.
Overhead-free program loop constructs are supported
using the REPEAT instructions, which are interruptible
at any point.

PIC24F devices have sixteen, 16-bit Working registers
in the programmer’s model. Each of the Working
registers can act as a Data, Address or Address Offset
register. The 16t Working register (W15) operates as
a Software Stack Pointer (SSP) for interrupts and calls.

The lower 32 Kbytes of the Data Space (DS) can be
accessed linearly. The upper 32 Kbytes of the Data
Space are referred to as Extended Data Space to which
the extended data RAM, EPMP memory space or
program memory can be mapped.

The Instruction Set Architecture (ISA) has been
significantly enhanced beyond that of the PIC18, but
maintains an acceptable level of backward compatibil-
ity. All PIC18 instructions and addressing modes are
supported, either directly, or through simple macros.
Many of the ISA enhancements have been driven by
compiler efficiency needs.

The core supports Inherent (no operand), Relative,
Literal and Memory Direct Addressing modes, along
with three groups of addressing modes. All modes sup-
port Register Direct and various Register Indirect
modes. Each group offers up to seven addressing
modes. Instructions are associated with predefined
addressing modes depending upon their functional
requirements.

For most instructions, the core is capable of executing
a data (or program data) memory read, a Working reg-
ister (data) read, a data memory write and a program
(instruction) memory read per instruction cycle. As a
result, three parameter instructions can be supported,
allowing trinary operations (that is, A + B = C) to be
executed in a single cycle.

A high-speed, 17-bit x 17-bit multiplier has been
included to significantly enhance the core arithmetic
capability and throughput. The multiplier supports
Signed, Unsigned and Mixed mode, 16-bit x 16-bit or
8-bit x 8-bit, integer multiplication. All multiply
instructions execute in a single cycle.

The 16-bit ALU has been enhanced with integer divide
assist hardware that supports an iterative non-restoring
divide algorithm. It operates in conjunction with the
REPEAT instruction looping mechanism and a selection
of iterative divide instructions to support 32-bit (or
16-bit), divided by 16-bit, integer signed and unsigned
division. All divide operations require 19 cycles to
complete but are interruptible at any cycle boundary.

The PIC24F has a vectored exception scheme with up
to 8 sources of non-maskable traps and up to 118 inter-
rupt sources. Each interrupt source can be assigned to
one of seven priority levels.

A block diagram of the CPU is shown in Figure 3-1.

3.1 Programmer’s Model

The programmer’s model for the PIC24F is shown in
Figure 3-2. All registers in the programmer’s model are
memory-mapped and can be manipulated directly by
instructions.

A description of each register is provided in Table 3-1.
All registers associated with the programmer’s model
are memory-mapped.

© 2013-2015 Microchip Technology Inc.
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REGISTER 8-13: IECO: INTERRUPT ENABLE CONTROL REGISTER 0

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— DMA1IE AD1IE U1TXIE U1RXIE SPIMTXIE SPIMIE T3IE
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
T2IE OC2IE IC2IE DMAOIE T1IE OC1IE IC1IE INTOIE
bit 7 bit 0
Legend:
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 Unimplemented: Read as ‘0’
bit 14 DMAA1IE: DMA Channel 1 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 13 AD1IE: ADC1 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 12 U1TXIE: UART1 Transmitter Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 11 U1RXIE: UART1 Receiver Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 10 SPIMTXIE: SPI1 Transmit Complete Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 9 SPIIE: SPI1 General Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 8 T3IE: Timer3 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 7 T2IE: Timer2 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 6 OC2IE: Output Compare Channel 2 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 5 IC2IE: Input Capture Channel 2 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 4 DMAOIE: DMA Channel 0 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 3 T1IE: Timer1 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled
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REGISTER 8-16: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0
— RTCIE DMAGSIE SPI3RXIE SPI2RXIE SPIMRXIE — KEYSTRIE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 U-0
CRYDNIE INT4IE() INT3IE( — — MI2C2IE SI2C2IE —
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 RTCIE: Real-Time Clock and Calendar Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 13 DMAGSIE: DMA Channel 5 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 12 SPI3RXIE: SPI3 Receive Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 11 SPI2RXIE: SPI2 Receive Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 10 SPIMRXIE: SPI1 Receive Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 9 Unimplemented: Read as ‘0’
bit 8 KEYSTRIE: Cryptographic Key Store Program Done Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 7 CRYDNIE: Cryptographic Operation Done Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 6 INT4IE: External Interrupt 4 Enable bit(")
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 5 INT3IE: External Interrupt 3 Enable bit(")
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 4-3 Unimplemented: Read as ‘0’
bit 2 MI2C2IE: Master 12C2 Event Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

Note 1: If an external interrupt is enabled, the interrupt input must also be configured to an available RPn or RPIn
pin. For more information, see Section 11.4 “Peripheral Pin Select (PPS)”.
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REGISTER 8-31:

IPC10: INTERRUPT PRIORITY CONTROL REGISTER 10

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

— — — — — OC6IP2 OC6IP1 OC6IP0O
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

— OC5IP2 OC5IP1 OC5IPO — IC6IP2 IC6IP1 IC6IP0O
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 0OC61P<2:0>: Output Compare Channel 6 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 OC5IP<2:0>: Output Compare 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 IC61P<2:0>: Input Capture Channel 6 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

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

DS30005009C-page 132 © 2013-2015 Microchip Technology Inc.
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9.3 Control Registers

The operation of the oscillator is controlled by three
Special Function Registers:

+ OSCCON

« CLKDIV

+ OSCTUN

The CLKDIV register (Register 9-2) controls the
features associated with Doze mode, as well as the
postscaler for the FRC Oscillator.

The OSCTUN register (Register 9-3) allows the user to
fine-tune the FRC Oscillator over a range of approxi-
mately +1.5%. It also controls the FRC self-tuning
features, described in Section 9.5 “FRC Self-Tuning”.

The OSCCON register (Register 9-1) is the main con-
trol register for the oscillator. It controls clock source
switching and allows the monitoring of clock sources.

REGISTER9-1: OSCCON: OSCILLATOR CONTROL REGISTER
u-0 R-0 R-0 R-0 u-0 R/W-x{1 R/W-x(1) R/W-x(1
— COSC2 COSC1 COSCOo — NOSC2 NOSC1 NOSCO
bit 15 bit 8
R/SO-0 R/W-0 R-00) U-0 R/CO-0 R/W-0 R/W-0 R/W-0
CLKLOCK | I0LOCK@ LOCK — CF POSCEN SOSCEN OSWEN
bit 7 bit 0
Legend: CO = Clearable Only bit SO = 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
bit 14-12

Unimplemented: Read as ‘0’

COSC<2:0>: Current Oscillator Selection bits

111 = Fast RC Oscillator with Postscaler (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)

010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

Unimplemented: Read as ‘0’

NOSC<2:0>: New Oscillator Selection bits(")

111 = Fast RC Oscillator with Postscaler (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)

010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

bit 11
bit 10-8

Note 1: Reset values for these bits are determined by the FNOSCx Configuration bits.

2: The state of the IOLOCK bit can only be changed once an unlocking sequence has been executed. In
addition, if the IOL1WAY Configuration bit is ‘1’, once the IOLOCK bit is set, it cannot be cleared.

3: This bit also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.
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NOTES:
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REGISTER 15-2: OCxCON2: OUTPUT COMPARE x CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
FLTMD FLTOUT FLTTRIEN OCINV — pcB1@ DCcBo®) 0C32
bit 15 bit 8
R/W-0 R/W-0, HS R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0
OCTRIG TRIGSTAT OCTRIS SYNCSEL4 | SYNCSEL3 | SYNCSEL2 | SYNCSEL1 | SYNCSELO
bit 7 bit 0
Legend: HS = Hardware Settable 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 FLTMD: Fault Mode Select bit

1 = Fault mode is maintained until the Fault source is removed and the corresponding OCFLTO bit is
cleared in software
0 = Fault mode is maintained until the Fault source is removed and a new PWM period starts
bit 14 FLTOUT: Fault Out bit
1 = PWM output is driven high on a Fault
0 = PWM output is driven low on a Fault
bit 13 FLTTRIEN: Fault Output State Select bit
1 = Pin is forced to an output on a Fault condition
0 = Pin I/O condition is unaffected by a Fault
bit 12 OCINV: Output Compare x Invert bit
1 = OCx output is inverted
0 = OCx output is not inverted
bit 11 Unimplemented: Read as ‘0’
bit 10-9 DCB<1:0>: PWM Duty Cycle Least Significant bits()
11 = Delays OCx falling edge by % of the instruction cycle
10 = Delays OCx falling edge by % of the instruction cycle
01 = Delays OCx falling edge by Yz of the instruction cycle
00 = OCx falling edge occurs at the start of the instruction cycle
bit 8 0C32: Cascade Two OC Modules Enable bit (32-bit operation)
1 = Cascade module operation is enabled
0 = Cascade module operation is disabled
bit 7 OCTRIG: Output Compare x Trigger/Sync Select bit
1 = Triggers OCx from the source designated by the SYNCSELXx bits
0 = Synchronizes OCx with the source designated by the SYNCSELXx bits
bit 6 TRIGSTAT: Timer Trigger Status bit
1 = Timer source has been triggered and is running
0 = Timer source has not been triggered and is being held clear
bit 5 OCTRIS: Output Compare x Output Pin Direction Select bit
1 = OCx pin is tri-stated
0 = Output Compare Peripheral x is connected to an OCx pin

Note 1: Never use an OCx module as its own trigger source, either by selecting this mode or another equivalent
SYNCSELXx setting.

2: Use these inputs as trigger sources only and never as sync sources.
3: The DCB<1:0> bits are double-buffered in PWM modes only (OCM<2:0> (OCxCON1<2:0>) =111, 110).
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REGISTER 16-1: SPIXCON1L: SPIx CONTROL REGISTER 1 LOW

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPIEN — SPISIDL DISSDO | MODE32("4 | MODE16(1+4) SMP CKe
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
SSEN(® CKP MSTEN DISSDI DISSCK | MCLKEN®) SPIFE ENHBUF
bit 7 bit 0
Legend:
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 SPIEN: SPIx On bit
1 = Enables module
0 = Turns off and resets module, disables clocks, disables interrupt event generation, allows SFR
modifications
bit 14 Unimplemented: Read as ‘0’
bit 13 SPISIDL: SPIx Stop in Idle Mode bit
1 = Halts in CPU Idle mode
0 = Continues to operate in CPU Idle mode
bit 12 DISSDO: Disable SDOx Output Port bit
1 = SDOx pin is not used by the module; pin is controlled by the port function
0 = SDOx pin is controlled by the module
bit 11-10 MODE<32,16>: Serial Word Length bits(4)
AUDEN = 0:
MODE32 MODE16 COMMUNICATION
1 x 32-Bit
0 1 16-Bit
0 0 8-Bit
AUDEN = 1:
MODE32 MODE16 COMMUNICATION
1 1 24-Bit Data, 32-Bit FIFO, 32-Bit Channel/64-Bit Frame
1 0 32-Bit Data, 32-Bit FIFO, 32-Bit Channel/64-Bit Frame
0 1 16-Bit Data, 16-Bit FIFO, 32-Bit Channel/64-Bit Frame
0 0 16-Bit Data, 16-Bit FIFO, 16-Bit Channel/32-Bit Frame
bit 9 SMP: SPIx Data Input Sample Phase bit
Master Mode:
1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time
Slave Mode:
Input data is always sampled at the middle of data output time, regardless of the SMP bit setting.
bit 8 CKE: SPIx Clock Edge Select bit(")
1 = Transmit happens on transition from active clock state to Idle clock state
0 = Transmit happens on transition from Idle clock state to active clock state
Note 1: When AUDEN = 1, this module functions as if CKE = 0, regardless of its actual value.
2: When FRMEN = 1, SSEN is not used.
3: MCLKEN can only be written when the SPIEN bit = 0.
4: This channel is not meaningful for DSP/PCM mode as LRC follows FRMSYPW.
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REGISTER 16-6: SPIXIMSKL: SPIx INTERRUPT MASK REGISTER LOW

u-0 u-0 u-0 R/W-0 R/W-0 u-0 uU-0 R/W-0
— — — FRMERREN BUSYEN — — SPITUREN
bit 15 bit 8
R/W-0 R/W-0 R/W-0 uU-0 R/W-0 uU-0 R/W-0 R/W-0
SRMTEN | SPIROVEN SPIRBEN — SPITBEN — SPITBFEN | SPIRBFEN
bit 7 bit 0
Legend:
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 15-13 Unimplemented: Read as ‘0’
bit 12 FRMERREN: Enable Interrupt Events via FRMERR bit
1 = Frame error generates an interrupt event
0 = Frame error does not generate an interrupt event
bit 11 BUSYEN: Enable Interrupt Events via SPIBUSY bit
1 = SPIBUSY generates an interrupt event
0 = SPIBUSY does not generate an interrupt event
bit 10-9 Unimplemented: Read as ‘0’
bit 8 SPITUREN: Enable Interrupt Events via SPITUR bit
1 = Transmit Underrun (TUR) generates an interrupt event
0 = Transmit Underrun does not generate an interrupt event
bit 7 SRMTEN: Enable Interrupt Events via SRMT bit
1 = Shift Register Empty (SRMT) generates an interrupt events
0 = Shift Register Empty does not generate an interrupt events
bit 6 SPIROVEN: Enable Interrupt Events via SPIROV bit
1 = SPIx receive overflow generates an interrupt event
0 = SPIx receive overflow does not generate an interrupt event
bit 5 SPIRBEN: Enable Interrupt Events via SPIRBE bit
1 = SPIx RX buffer empty generates an interrupt event
0 = SPIx RX buffer empty does not generate an interrupt event
bit 4 Unimplemented: Read as ‘0’
bit 3 SPITBEN: Enable Interrupt Events via SPITBE bit
1 = SPIx transmit buffer empty generates an interrupt event
0 = SPIx transmit buffer empty does not generate an interrupt event
bit 2 Unimplemented: Read as ‘0’
bit 1 SPITBFEN: Enable Interrupt Events via SPITBF bit
1 = SPIx transmit buffer full generates an interrupt event
0 = SPIx transmit buffer full does not generate an interrupt event
bit 0 SPIRBFEN: Enable Interrupt Events via SPIRBF bit

1 = SPIx receive buffer full generates an interrupt event
0 = SPIx receive buffer full does not generate an interrupt event
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18.0 UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER
(UART)

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 Man-
ual”, “Universal Asynchronous Receiver
Transmitter (UART)” (DS70000582). The
information in this data sheet supersedes
the information in the FRM.

The Universal Asynchronous Receiver Transmitter
(UART) module is one of the serial 1/0O modules avail-
able in the PIC24F device family. The UART is a
full-duplex, asynchronous system that can communicate
with peripheral devices, such as personal computers,
LIN/J2602, RS-232 and RS-485 interfaces. The module
also supports a hardware flow control option with the
UxCTS and UxRTS pins. The UART module includes
the ISO 7816 compliant Smart Card support and the
IrDA® encoder/decoder unit.

The PIC24FJ128GB204 family devices are equipped
with four UART modules, referred to as UART1,
UART2, UART3 and UARTA4.

The primary features of the UARTx modules are:

* Full-Duplex, 8 or 9-Bit Data Transmission through
the UxTX and UxRX Pins

» Even, Odd or No Parity Options (for 8-bit data)

» One or Two Stop bits

» Hardware Flow Control Option with the UXCTS
and UxRTS Pins

* Fully Integrated Baud Rate Generator with 16-Bit
Prescaler

» Baud Rates Range from 15 bps to 1 Mbps at 16 MIPS
in 16x mode

» Baud Rates Range from 61 bps to 4 Mbps at
16 MIPS in 4x mode

* 4-Deep, First-In-First-Out (FIFO) Transmit Data
Buffer

» 4-Deep FIFO Receive Data Buffer

« Parity, Framing and Buffer Overrun Error Detection

* Support for 9-Bit mode with Address Detect
(9" bit = 1)

» Separate Transmit and Receive Interrupts

» Loopback mode for Diagnostic Support

 Polarity Control for Transmit and Receive Lines

+ Support for Sync and Break Characters

+ Supports Automatic Baud Rate Detection

« IrDA® Encoder and Decoder Logic

* Includes DMA Support

» 16x Baud Clock Output for IrDA Support

* Smart Card ISO 7816 Support (UART1 and
UART2 only):

- T = 0 protocol with automatic error handling

- T =1 protocol

- Dedicated Guard Time Counter (GTC)

- Dedicated Waiting Time Counter (WTC)
A simplified block diagram of the UARTx module is
shown in Figure 18-1. The UARTx module consists of
these key important hardware elements:
» Baud Rate Generator
» Asynchronous Transmitter
* Asynchronous Receiver

Note: Throughout this section, references to
register and bit names that may be asso-
ciated with a specific UART module are
referred to generically by the use of X’ in
place of the specific module number.
Thus, “UxSTA” might refer to the Status
register for either UART1, UART2, UART3
or UART4.

© 2013-2015 Microchip Technology Inc.
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REGISTER 22-11: RTCCSWT: RTCC POWER CONTROL AND SAMPLE WINDOW TIMER REGISTER(")

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
PWCSTAB7 | PWCSTAB6 | PWCSTABS | PWCSTAB4 | PWCSTAB3 | PWCSTAB2 | PWCSTAB1 | PWCSTABO
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
PWCSAMP7) | PWCSAMPG? | PWCSAMP52) | PWCSAMP4®@) | PWCSAMP3®@ | PWCSAMP2(3) | PWCSAMP1@) | PWCSAMPO(?2)
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-8 PWCSTAB<7:0>: Power Control Stability Window Timer bits

11111111 = Stability window is 255 TPWCCLK clock periods
11111110 = Stability window is 254 TPWCCLK clock periods

00000001 = Stability window is 1 TPWCCLK clock period
00000000 = No stability window; sample window starts when the alarm event triggers

bit 7-0 PWCSAMP<7:0>: Power Control Sample Window Timer bits(?)

11111111 = Sample window is always enabled, even when PWCEN = 0
11111110 = Sample window is 254 TPWCCLK clock periods

00000001 = Sample window is 1 TPwCCLK clock period
00000000 = No sample window

Note 1: A write to this register is only allowed when RTCWREN = 1.
2: The sample window always starts when the stability window timer expires, except when its initial value is 00h.
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23.6 Control Registers
REGISTER 23-1: CRYCONL: CRYPTOGRAPHIC CONTROL LOW REGISTER

R/W-0 u-0 R/W-0 R/w-0( R/w-0(" R/w-0(" u-0 R/W-0, HC(!)
CRYON — CRYSIDL®)| ROLLIE DONEIE FREEIE — CRYGO
bit 15 bit 8
R/w-0" R/W-0" R/W-0" R/w-0(M R/wW-0" R/W-0" R/w-0( R/w-0(
opPmoD3?@ | opmoD2@ | oPmMoD1@ | oPMOD0®@ | CPHRSEL® | cPHRMOD2@ | CPHRMOD1) | CPHRMODO®@)
bit 7 bit O
Legend: HC = Hardware 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 CRYON: Cryptographic Enable bit

1 = Module is enabled
0 = Module is disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 CRYSIDL: Cryptographic Stop in Idle Control bit(®)
1 = Stops module operation in Idle mode
0 = Continues module operation in Idle mode
bit 12 ROLLIE: CRYTXTB Rollover Interrupt Enable bit(1)
1 = Generates an interrupt event when the counter portion of CRYTXTB rolls over to ‘0’
0 = Does not generate an interrupt event when the counter portion of CRYTXTB rolls over to ‘0’
bit 11 DONEIE: Operation Done Interrupt Enable bit(1)
1 = Generates an interrupt event when the current cryptographic operation completes
0 = Does not generate an interrupt event when the current cryptographic operation completes; software
must poll the CRYGO or CRYBSY bit to determine when current cryptographic operation is complete
bit 10 FREEIE: Input Text Interrupt Enable bit(")
1 = Generates an interrupt event when the input text (plaintext or ciphertext) is consumed during the
current cryptographic operation
0 = Does not generate an interrupt event when the input text is consumed
bit 9 Unimplemented: Read as ‘0’
bit 8 CRYGO: Cryptographic Engine Start bit("
1 = Starts the operation specified by OPMOD<3:0> (cleared automatically when operation is done)
0 = Stops the current operation (when cleared by software); also indicates the current operation has
completed (when cleared by hardware)

Note 1: These bits are reset on system Resets or whenever the CRYMD bit is set.
2: Writes to these bit fields are locked out whenever an operation is in progress (CRYGO bit is set).

3: If the device enters Idle mode when CRYSIDL = 1, the module will stop its current operation. Entering into
Idle mode while an OTP write operation is in process can result in irreversible corruption of the OTP.
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FIGURE 25-3: 10-BIT A/D CONVERTER ANALOG INPUT MODEL

RiC < 250Q Sampling

\ Switch
' Rss ! Rss<3kQ
AM——"

l ________ CHoLD
CPIN T ILEAKAGE T = 4.4 pF

+500 nA

- hd l Vss

Legend: CPIN = Input Capacitance“)
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to
Various Junctions
Ric = Interconnect Resistance
Rss = Sampling Switch Resistance
CHoLD = Sample/Hold Capacitance (from DAC)

Note 1: The CPIN value depends on the device package and is not tested. The effect of CPIN is negligible if Rs < 5 kQ.

EQUATION 25-1: A/D CONVERSION CLOCK PERIOD

4D = Tcy (ADCS + 1)

T4D
Tcy

ADCS = -1

Note: Based on Tcy = 2/Fosc; Doze mode and PLL are disabled.
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FIGURE 26-2: INDIVIDUAL COMPARATOR CONFIGURATIONS WHEN CREF =0
Comparator Off
CEN = 0, CREF = x, CCH<1:0> = xx
COE
VIN- | ™ .
Cx g
o VN + Off (Read as ‘0’) CxOUT
Pin
Comparator CxINB > CxINA Compare Comparator CxINC > CxINA Compare
CEN =1, CCH<1:0> = 00, CVREFM<1:0> = xx CEN =1, CCH<1:0> = 01, CVREFM<1:0> = xx
COE COE

CxINB M—
CxINA M+

Cx —/'_&

CxINC M—
CxINA M-ﬁ-

Cx —/:_&

CxOUT CxOuUT
Pin Pin
Comparator CxIND > CxINA Compare Comparator VBG > CxINA Compare
CEN =1, CCH<1:0> = 10, CVREFM<1:0> = xx CEN =1, CCH<1:0> =11, CVREFM<1:0> = 00
v COE Vi COE
oxiND [YX——e—— ! VBG o VN-|D .
CX > 7 CX > 7
VIN+ VIN+
cxiNa [X——e—"+ oour | cxina [XF—e—"+ CxOUT
Pin Pin
Comparator VBG > CxINA Compare Comparator CxIND > CxINA Compare
CEN =1, CCH<1:0> =11, CVREFM<1:0> = 01 CEN =1, CCH<1:0> = 11, CVREFM<1:0> = 11
COE COE

VBG/2 —.ﬂ —

CxINA |X|—oﬂ +

Cx —/:_&

CxOuUT
Pin

VIN-
VREF+ |X|—0—— |
o> X

CxINA N +

CxOuT
Pin
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REGISTER 30-2: CW2: FLASH CONFIGURATION WORD 2 (CONTINUED)

bit 5 OSCIOFCN: OSCO Pin Configuration bit
If POSCMD<1:0> =11 or 00:
1 = OSCO/CLKO/RAS3 functions as CLKO (Fosc/2)
0 = OSCO/CLKO/RAS3 functions as port I/O (RA3)
If POSCMD<1:0> =10 or 01:
OSCIOFCN has no effect on OSCO/CLKO/RA3.

bit 4-3 WDTCLK<1:0>: WDT Clock Source Select bits
When WDTCMX = 1:
11 =LPRC

10 = Either the 31 kHz FRC source or LPRC, depending on device configuration(!
01 = SOSC input

00 = System clock when active, LPRC while in Sleep mode

When WDTCMX = 0:

LPRC is always the WDT clock source.

bit 2 Reserved: Configure as ‘1’
bit 1-0 POSCMD<1:0>: Primary Oscillator Configuration bits

11 = Primary Oscillator mode is disabled
10 = HS Oscillator mode is selected
01 = XT Oscillator mode is selected
00 = EC Oscillator mode is selected

Note 1: The 31 kHz FRC source is used when a Windowed WDT mode is selected and the LPRC is not being
used as the system clock. The LPRC is used when the device is in Sleep mode and in all other cases.

2: When VBUS functionality is used, this Configuration bit must be programmed to ‘1.
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30.3 Watchdog Timer (WDT)

For PIC24FJ128GB204 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 (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 (CW1<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.

FIGURE 30-2: WDT BLOCK DIAGRAM

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.

30.3.1 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 window
width, 25%, 37.5%, 50% or 75% of the programmed
WDT period, controlled by the WDTWIN<1:0> Configu-
ration bits (CW3<10:9>). 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 (CW1<5>) to ‘0’.

30.3.2 CONTROL REGISTER

The WDT is enabled or disabled by the FWDTEN<1:0>
Configuration bits. When the Configuration 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 segments for maximum power savings.

WD TSEVXIEIEOILI :Dﬁ4> LPRC Control

—_D—> Wake from Sleep

WDTPS<3:0>
|

Postscaler >—0|D_> WDT Overflow
™1 111 0 1:32.768 ' Reset

FWPSA
|
Prescaler = WDT
LPRC Input (5-bit/7-bit) | Counter
31 kHz A 1 ms/4 ms

A

All Device Resets

Transition to

New Clock Source

Exit Sleep or

Idle Mode
CLRWDT Instr. :E>

PWRSAV Instr.

Sleep or Idle Mode
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NOTES:
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FIGURE 33-8: OCx/PWM MODULE TIMING CHARACTERISTICS
- 0C20 - >~
OCFA/OCFB /
'«—0OC15——» '

OCx >< :

TABLE 33-31: SIMPLE OCx/PWM MODE TIMING REQUIREMENTS

Standard Operating Conditions: 2.0V to 3.6V
(unless otherwise stated)

AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
P:{jm Symbol Characteristic(’) Min Typ Max Units Conditions
0C15 TFD Fault Input to PWM 1/O — — 50 ns
Change
0C20 TFLT Fault Input Pulse Width 50 — — ns

Note 1:

These parameters are characterized but not tested in manufacturing.
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FIGURE 33-11: SPIx MODULE SLAVE MODE (CKE = 0) TIMING CHARACTERISTICS

ﬁ—\r (C I /A

l ) ' .
' SP50 - . . ' SP52 !
SCKx , : . -
(CKP = 0) / "\,
' e i e — . -
! . SP71.,} SPT0 , SP73  SP72
SCwa
(CKP=1) - . !
: ' ' —
X SP72 SP73
(C
. MSb X Bit 14 -2 - 1 >< LSb | y
(C 7.Z
SP30, SP31 SP51
SDIx : Bit 14 - <= -1 LSb In

' SP41_

$P40

Note: Refer to Figure 33-2 for load conditions.

TABLE 33-34: SPIx MODULE SLAVE MODE (CKE = 0) TIMING REQUIREMENTS

Standard Operating Conditions: 2.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < Ta <+85°C for Industrial
-40°C < TA< +125°C for Extended

Pilrgm Symbol Characteristic(") Min Typ? | Max | Units Conditions
SP70 |TscL SCKXx Input Low Time 30 — — ns
SP71 |TscH SCKXx Input High Time 30 — — ns
SP72 |TscF SCKx Input Fall Time(® — 10 | 25 | ns
SP73 [TscR SCKx Input Rise Time(®) — 10 | 25 | ns
SP30 |TdoF SDOx Data Output Fall Time(®) — — | — | ns |SeeParameter DO32
SP31 |TdoR SDOx Data Output Rise Time(® — — — ns |See Parameter DO31
SP35 |TscH2doV, |SDOx Data Output Valid After — — 30 ns

TscL2doV |SCKx Edge
SP40 |TdiV2scH, |Setup Time of SDIx Data Input 20 — — ns

TdiV2scL |to SCKx Edge
SP41 |TscH2diL, |Hold Time of SDIx Data Input 20 — — ns

TscL2diL |to SCKx Edge
SP50 |TssL2scH, |SSx { to SCKx T or SCKx Input 120 — — ns

TssL2scL
SP51 |TssH2doZ |SSx T to SDOx Output High-Impedance(®) 10 — | 50 | ns
SP52 |TscH2ssH, |SSx After SCKx Edge 15Tcy+40 — | — | ns

TsclL2ssH

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.
3: Assumes 50 pF load on all SPIx pins.
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