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"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.
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PIC24FV32KA304 FAMILY

1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:

» PIC24FV16KA301, PIC24F16KA301
» PIC24FV16KA302, PIC24F16KA302
» PIC24FV16KA304, PIC24F16KA304
* PIC24FV32KA301, PIC24F32KA301
* PIC24FV32KA302, PIC24F32KA302
* PIC24FV32KA304, PIC24F32KA304

The PIC24FV32KA304 family introduces a new line of
extreme low-power Microchip devices. This is a 16-bit
microcontroller family with a broad peripheral feature set
and enhanced computational performance. This family
also offers a new migration option for those
high-performance  applications which may be
outgrowing their 8-bit platforms, but do not require the
numerical processing power of a digital signal processor.

1.1 Core Features

1.1.1 16-BIT ARCHITECTURE

Central to all PIC24F devices is the 16-bit modified
Harvard architecture, first introduced with Microchip’s
dsPIC® digital signal controllers. The PIC24F CPU core
offers a wide range of enhancements, such as:

» 16-bit data and 24-bit address paths with the
ability to move information between data and
memory spaces

 Linear addressing of up to 12 Mbytes (program
space) and 64 Kbytes (data)

« A 16-element working register array with built-in
software stack support

* A 17 x 17 hardware multiplier with support for
integer math

» Hardware support for 32-bit by 16-bit division

« An instruction set that supports multiple
addressing modes and is optimized for high-level
languages, such as C

» Operational performance up to 16 MIPS

1.1.2 POWER-SAVING TECHNOLOGY

All of the devices in the PIC24FV32KA304 family
incorporate a range of features that can significantly
reduce power consumption during operation. Key
features include:

* On-the-Fly Clock Switching: The device clock
can be changed under software control to the
Timer1 source or the internal, low-power RC
oscillator during operation, allowing users to
incorporate power-saving ideas into their software
designs.

* Doze Mode Operation: When timing-sensitive
applications, such as serial communications,
require the uninterrupted operation of peripherals,
the CPU clock speed can be selectively reduced,
allowing incremental power savings without
missing a beat.

* Instruction-Based Power-Saving Modes: There
are three instruction-based power-saving modes:
- Idle Mode: The core is shut down while leaving

the peripherals active.

- Sleep Mode: The core and peripherals that
require the system clock are shut down, leaving
the peripherals that use their own clock, or the
clock from other devices, active.

- Deep Sleep Mode: The core, peripherals
(except RTCC and DSWDT), Flash and SRAM
are shut down.

1.1.3 OSCILLATOR OPTIONS AND
FEATURES

The PIC24FV32KA304 family offers five different
oscillator options, allowing users a range of choices in
developing application hardware. These include:

» Two Crystal modes using crystals or ceramic
resonators.

» Two External Clock modes offering the option of a
divide-by-2 clock output.

» Two Fast Internal oscillators (FRCs): One with a
nominal 8 MHz output and the other with a
nominal 500 kHz output. These outputs can also
be divided under software control to provide clock
speed as low as 31 kHz or 2 kHz.

» A Phase Locked Loop (PLL) frequency multiplier,
available to the external Oscillator modes and the
8 MHz FRC oscillator, which allows clock speeds
of up to 32 MHz.

» A separate internal RC oscillator (LPRC) with a
fixed 31 kHz output, which provides a low-power
option for timing-insensitive applications.

© 2011-2013 Microchip Technology Inc.
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TABLE 1-3: PIC24FV32KA304 FAMILY PINOUT DESCRIPTIONS (CONTINUED)
F FV
Pin Number Pin Number
Function 20-Pin 28-Pin 4Pin 20-Pin 28-Pin “pin 1/0 | Buffer Description

PDIP/ SPDIP/ 28-Pin QFN/ 48-Pin PDIP/ SPDIP/ 28-Pin QFN/ 48-Pin

SSOP/ SSOP/ QFN TQFP UQFN SSOP/ SSOP/ QFN TQFP UQFN

Soic SoIC SoIC SoIC
T1CK 13 18 15 1 1 13 18 15 1 1 | ST Timer1 Clock
T2CK 18 26 23 15 16 18 26 23 15 16 | ST Timer2 Clock
T3CK 18 26 23 15 16 18 26 23 15 16 | ST Timer3 Clock
T4CK 6 6 3 23 25 6 6 23 25 | ST Timer4 Clock
T5CK 6 6 3 23 25 6 6 23 25 | ST Timer5 Clock
U1CTS 12 17 14 44 48 12 17 14 44 48 | ST UART1 Clear-to-Send Input
U1RTS 13 18 15 1 13 18 15 1 ¢} — | UART1 Request-to-Send Output
U1RX 6 6 3 2 2 6 6 3 2 2 | ST UART1 Receive
U1TX 11 16 13 3 11 16 13 3 O — UART1 Transmit
U2CTS 10 12 9 34 37 10 12 9 34 37 | ST UART2 Clear-to-Send Input
U2RTS 9 1 8 33 36 9 1 8 33 36 o — | UART2 Request-to-Send Output
U2RX 5 5 2 22 24 5 2 22 24 | ST UART2 Receive
u2TX 4 4 1 21 23 4 1 21 23 o — UART2 Transmit
ULPWU 4 4 1 21 23 4 1 21 23 | ANA | Ultra Low-Power Wake-up Input
VCAP — — — — — 14 20 17 7 7 P — Core Power
VDD 20 28,13 25,10 17,28,40 18,30,43 20 28,13 25,10 17,28,40 18,30,43 P — Device Digital Supply Voltage
VREF+ 2 2 27 19 21 2 2 27 19 21 | ANA | A/D Reference Voltage Input (+)
VREF- 3 28 20 22 3 3 28 20 22 | ANA | A/D Reference Voltage Input (-)
Vss 19 27,8 24,5 16,29,39 17,31,42 19 27,8 24,5 16,29,39 17,31,42 P — Device Digital Ground Return
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TABLE 4-4: ICN REGISTER MAP
N':r':e Addr|  Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit0 Re‘:tts
CNPD1| 0056 | CN15PDE") | CN14PDE | CN13PDE | CN12PDE | CN11PDE |CN10PDE("?| cNoPDE!" | CN8PDE® | CN7PDE(") | CN6PDE | CNSPDE | CN4PDE | CN3PDE CN2PDE CNTPDE | CNOPDE | 0000
CNPD2 | 0058 | CN31PDE("?) | CN30PDE | CN29PDE | CN28PDE(?) | cN27PDE(M | cN26PDE(? | CN25PDE(2)| CN24PDE(") | CN23PDE | CN22PDE | CN21PDE | CN20PDE( 2| cN19PDE(2) | cN18PDE(?) | cN17PDEM? | cN16PDEM | 0000
CNPD3| 005A — — — — — — — — — — — | cNzePDE!M2 | cN3sPDE(2) | cN34PDEM2) | cN33PDE(2) | cN32PDE(2) | 0000
CNEN1| 0062 | CN15IE(M CN14IE CN13IE CN12E CNMIE | CN10IE® | cNIE® | CNSIE® | CN7IE®) | CNBIE | CNSIE CN4IE CN3IE CN2IE CN1IE CNOIE 0000
CNEN2| 0064 | CN31IE(2) |  CN3OIE CN29IE | CN28IEM2 | CN27IE™ | CN26IE™? | CN2siE™?) | CN24IE® | CN23IE | CN22IE | CN21IE | CN20IEM2) | CN19IE™2 | cN18IEM2 | cN17IE™® | eN1elE® | oooo
CNEN3| 0066 — — — — — — — — — — — CN36IE™2 | CN35IEM? | CN34IE™) | CN33IEM? | eN32IEM? | 0000
CNPU1| 006E | CNM15PUEM™ | CN14PUE | CN13PUE | CN12PUE | CNMPUE |CN10PUE(?| CNIPUEM | CNSPUE® | CN7PUE!") | CNBPUE | CNSPUE | CN4PUE | CN3PUE CN2PUE CN1PUE CNOPUE | 0000
CNPU2| 0070 | CN31PUE(2) | CN3OPUE | CN29PUE | CN28PUE(2) | cN27PUEM | CN26PUEN? | CN25PUE(2) | CN24PUEM) | CN23PUE | CN22PUE | CN21PUE | CN20PUE(2) | CN19PUE2) | CN18PUE(? | cN17PUEN) | CN16PUE! | 0000
CNPU3| 0072 — — — — — — — — — — — | cN3ePUE!? | cN3sPUE(2) | cN34PUEN?) | CN33PUEM2) | cN32PUE(2) | 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These bits are not implemented in 20-pin devices.

2: These bits are not implemented in 28-pin devices.

3: These bits are not implemented in FV devices.
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TABLE 4-16: A/D REGISTER MAP
N';irI:e Addr| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReI:I(Iets

ADC1BUFO | 0300 ADC1BUFO XXXX
ADC1BUF1 | 0302 ADC1BUF1 XXXX
ADC1BUF2 | 0304 ADC1BUF2 XXXX
ADC1BUF3 | 0306 ADC1BUF3 XXXX
ADC1BUF4 | 0308 ADC1BUF4 XXXX
ADC1BUF5 | 030A ADC1BUF5 XXXX
ADC1BUF6 |030C ADC1BUF6 XXXX
ADC1BUF7 | 030E ADC1BUF7 XXXX
ADC1BUF8 | 0310 ADC1BUF8 XXXX
ADC1BUF9 | 0312 ADC1BUF9 XXXX
ADC1BUF10 | 0314 ADC1BUF10 XXXX
ADC1BUF11 | 0316 ADC1BUF11 XXXX
ADC1BUF12 | 0318 ADC1BUF12 XXXX
ADC1BUF13 | 031A ADC1BUF13 XXXX
ADC1BUF14 | 031C ADC1BUF14 XXXX
ADC1BUF15 | 031E ADC1BUF15 XXXX
ADC1BUF16 | 0320 ADC1BUF16 XXXX
ADC1BUF17 | 0322 ADC1BUF17 XXXX
AD1CON1 0340 | ADON — ADSIDL — — MODE12| FORM1 FORMO | SSRC3 | SSRC2 | SSRC1 | SSRCO — ASAM SAMP | DONE | 0000
AD1CON2 | 0342 | PVCFG1 | PVCFGO | NVCFGO | OFFCAL | BUFREGEN | CSCNA — — BUFS SMPI4 | SMPI3 | SMPI2 SMPI1 SMPIO | BUFM ALTS 0000
AD1CON3 [ 0344 | ADRC | EXTSAM — SAMC4 SAMC3 SAMC2 SAMC1 SAMCO | ADCS7 | ADCS6 | ADCS5 | ADCS4 | ADCS3 ADCS2 | ADCS1 | ADCSO | 0000
AD1CHS 0348 | CHONB2 | CHONB1 | CHONBO | CHOSB4 | CHOSB3 | CHOSB2 | CHOSB1 CHOSBO |CHONA2| CHONA1 [CHONAO [ CHOSA4 | CHOSA3 | CHOSA2 |CHOSA1| CHOSAO | 0000
AD1CSSH | 034E — CSSL30 | CSSL29 | CSsL28 CSSL27 | CSSL26 — — — — — — — — CSSL17 | CSSL16 | 0000
AD1CSSL 0350 | CSSL15 | CSSL14 | CSSL13 | CSSL12 CSSL11 CSSL10 CSSL9 CSSL8 CSSL7 | CSSL6 | CSSL5 | CSSL4 CSSL3 CSSL2 | CSSL1 | CSSLO | 0000
AD1CON5 | 0354 | ASEN LPEN |CTMUREQ| BGREQ r — ASINT1 ASINTO — — — — WM1 WMO CM1 CMO 0000
AD1CHITH | 0356 — — — — — — — — — — — — — — CHH17 | CHH16 | 0000
AD1CHITL | 0358 | CHH15 | CHH14 CHH13 CHH12 CHH11 CHH10 CHH9 CHH8 CHH7 CHH6 CHH5 CHH4 CHH3 CHH2 CHHA1 CHHO | 0000
Legend: — =unimplemented, read as ‘0’; r = reserved. Reset values are shown in hexadecimal.

ATINVA YOEVAZEALYZOId



6 abed-ase66£SA

"ou| ABojouyoa | diyoosolN €102-110Z ©

TABLE 4-21: CRC REGISTER MAP
File Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Al
Name Resets
CRCCON1 0640 CRCEN — CSIDL |VWORD4 |VWORD3 |VWORD2|VWORD1|VWORDO | CRCFUL | CRCMPT | CRCISEL | CRCGO |LENDIAN — — — 0000
CRCCON2 0642 — — — DWIDTH4 | DWIDTH3 | DWIDTH2 | DWIDTH1 | DWIDTHO — — — PLEN4 PLEN3 | PLEN2 | PLEN1 | PLENO | 0000
CRCXORL 0644 X15 X14 X13 X12 X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 — 0000
CRCXORH 0646 X31 X30 X29 X28 X27 X26 X25 X24 X23 X22 X21 X20 X19 X18 X17 X16 0000
CRCDATL 0648 CRCDATL XXXX
CRCDATH 064A CRCDATH XXXX
CRCWDATL 064C CRCWDATL XXXX
CRCWDATH | 064E CRCWDATH XXXX
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-22: CLOCK CONTROL REGISTER MAP
File Name | Addr | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReA;I(Iets
RCON 0740 | TRAPR | IOPUWR | SBOREN | RETEN — DPSLP CM PMSLP EXTR SWR |[SWDTEN| WDTO SLEEP IDLE BOR POR |[(Note 1)
OSCCON 0742 — COSC2 | COSsC1 | cosco — NOSC2 | NOSC1 | NOSCO |CLKLOCK — LOCK — CF SOSCDRV | SOSCEN | OSWEN |(Note 2)
CLKDIV 0744 ROI DOZE2 | DOZE1 | DOZEO | DOZEN |RCDIV2|RCDIV1| RCDIVO — — — — — — — — 3140
OSCTUN 0748 — — — — — — — — — — TUNS5S TUN4 TUN3 TUN2 TUN1 TUNO 0000
REFOCON | 074E | ROEN — ROSSLP | ROSEL | RODIV3 |RODIV2|RODIV1| RODIVO — — — — — — — — 0000
HLVDCON 0756 |HLVDEN — HLSIDL — — — — — VDIR BGVST IRVST — HLVDL3 | HLVDL2 HLVDL1 | HLVDLO | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: RCON register Reset values are dependent on the type of Reset.
2: OSCCON register Reset values are dependent on the Configuration Fuses and by type of Reset.
TABLE 4-23: DEEP SLEEP REGISTER MAP
File Name | Addr | Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReI:I(Ieis
DSCON 0758 | DSEN — — — — — — RTCCWDIS — — — — ULPWDIS DSBOR |RELEASE| 0000
DSWAKE 075A — — — — — — — DSINTO DSFLT — — DSWDT | DSRTCC | DSMCLR — DSPOR 0000
DSGPRO!" | 075C DSGPRO 0000
DSGPR1(" | 075E DSGPRH1 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1:

The Deep Sleep registers, DSGPRO and DSGPR1, are only reset on a VDD POR event.
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6.4.1 ERASE DATA EEPROM

The data EEPROM can be fully erased, or can be
partially erased, at three different sizes: one word, four
words or eight words. The bits, NVMOP<1:0>
(NVMCON<1:0>), decide the number of words to be
erased. To erase partially from the data EEPROM, the
following sequence must be followed:

1. Configure NVMCON to erase the required
number of words: one, four or eight.

2. Load TBLPAG and WREG with the EEPROM
address to be erased.

3. Clear the NVMIF status bit and enable the NVM
interrupt (optional).

4. Write the key sequence to NVMKEY.

Set the WR bit to begin the erase cycle.

6. Either poll the WR bit or wait for the NVM
interrupt (NVMIF is set).

o

A typical erase sequence is provided in Example 6-2.
This example shows how to do a one-word erase.
Similarly, a four-word erase and an eight-word erase
can be done. This example uses C library procedures to
manage the Table Pointer (builtin tblpage and
builtin tbloffset) and the Erase Page Pointer
(builtin tblwtl). The memory unlock sequence
(builtin write NVM) also sets the WR bit to initiate
the operation and returns control when complete.

EXAMPLE 6-2: SINGLE-WORD ERASE
int _ attribute_  ((space(eedata))) eeData = 0x1234;
2 S

unsigned int offset;

NVMCON = 0x4058;

TBLPAG = builtin tblpage (&eeData) ;
offset = _ builtin tbloffset (&eeData);
__builtin tblwtl (offset, 0);

asm volatile ("disi #5");
__builtin write NVM();
while (NVMCONbits.WR=1) ;

The variable eeData must be a Global variable declared outside of any method

the code following this comment can be written inside the method that will execute the erase

// Set up NVMCON to erase one word of data EEPROM

// Set up a pointer to the EEPROM location to be erased

// Initialize EE Data page pointer
// Initizlize lower word of address
// Write EEPROM data to write latch

// Disable Interrupts For 5 Instructions

// Issue Unlock Sequence & Start Write Cycle
// Optional: Poll WR bit to wait for

// write sequence to complete

DS39995D-page 66
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7.0 RESETS

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive refer-
ence source. For more information on
Resets, refer to the “PIC24F Family
Reference Manual”, Section 40. “Reset
with Programmable Brown-out Reset”
(DS39728).

Any active source of Reset will make the SYSRST
signal active. Many registers associated with the CPU
and peripherals are forced to a known Reset state.
Most registers are unaffected by a Reset; their status is
unknown on Power-on Reset (POR) and unchanged by
all other Resets.

Note: Refer to the specific peripheral or
Section 3.0 “CPU” of this data sheet for
register Reset states.

The Reset module combines all Reset sources and
controls the device Master Reset Signal, SYSRST. The
following is a list of device Reset sources:

* POR: Power-on Reset

* MCLR: Pin Reset

* SWR: RESET Instruction

* WDTR: Watchdog Timer Reset

* BOR: Brown-out Reset

* Low-Power BOR/Deep Sleep BOR

* TRAPR: Trap Conflict Reset

* IOPUWR: lllegal Opcode Reset

* UWR: Uninitialized W Register Reset

A simplified block diagram of the Reset module is
shown in Figure 7-1.

All types of device Reset will set a corresponding status
bit in the RCON register to indicate the type of Reset
(see Register 7-1). A Power-on Reset will clear all bits
except for the BOR and POR bits (RCON<1:0>) which
are set. The user may set or clear any bit at any time
during code execution. The RCON bits only serve as
status bits. Setting a particular Reset status bit in
software will not cause a device Reset to occur.

The RCON register also has other bits associated with
the Watchdog Timer (WDT) and device power-saving
states. The function of these bits is discussed in other
sections of this manual.

Note: The status bits in the RCON register
should be cleared after they are read so
that the next RCON register value after a
device Reset will be meaningful.

FIGURE 7-1: RESET SYSTEM BLOCK DIAGRAM
RESET
Instruction
: b- Glitch Filter
MCLR
WDT
Module
Sleep or Idle d
VDD Rise POR 5
Detect SYSRST
BOREN<1:0> VDD
0 00 Brown-out BOR
SBOREN o1 Reset
(RCON<13>)
SLEEP 10 Enable Voltage Regulator
1 11 (PIC24FV32KA3XX only)

Configuration Mismatch

Trap Conflict

lllegal Opcode
Uninitialized W Register
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71 Clock Source Selection at Reset

If clock switching is enabled, the system clock source at
device Reset is chosen, as shown in Table 7-2. If clock
switching is disabled, the system clock source is always
selected according to the Oscillator Configuration bits.
For more information, see Section 9.0 “Oscillator
Configuration”.

7.2 Device Reset Times

The Reset times for various types of device Reset are
summarized in Table 7-3. Note that the System Reset
Signal, SYSRST, is released after the POR and PWRT
delay times expire.

The time at which the device actually begins to execute
code will also depend on the system oscillator delays,
which include the Oscillator Start-up Timer (OST) and

TABLE 7-2: OSCILLATOR SELECTION vs. the PLL lock time. The OST and PLL lock times occur
TYPE OF RESET (CLOCK in parallel with the applicable SYSRST delay times.
SWITCHING ENABLED) The FSCM delay determines the time at which the
Reset Type Clock Source Determinant FSCM begins to monitor the system clock source after
- . . the SYSRST signal is released.
POR FNOSCx Configuration bits
BOR (FNOSC<10:8>)
MCLR COSCx Control bits
WDTO (OSCCON<14:12>)
SWR
TABLE 7-3: DELAY TIMES FOR VARIOUS DEVICE RESETS
Reset Type Clock Source SYSRST Delay Syst;:;a(;:llock Notes
POR(®) EC TPOR + TPWRT — 1,2
FRC, FRCDIV TPOR + TPWRT TFRC 1,2,3
LPRC TPOR + TPWRT TLPRC 1,2,3
ECPLL TPOR + TPWRT TLOCK 1,2,4
FRCPLL TPOR + TPWRT TFRC + TLOCK (1,2, 3,4
XT, HS, SOSC TPOR+ TPWRT TosT 1,2,5
XTPLL, HSPLL TPOR + TPWRT TosT + TLocK (1,2,4,5
BOR EC TPWRT — 2
FRC, FRCDIV TPWRT TFRC 2,3
LPRC TPWRT TLPRC 2,3
ECPLL TPWRT TLOCK 2,4
FRCPLL TPWRT TFRC + TLOCK |2, 3, 4
XT, HS, SOSC TPWRT TosT 2,5
XTPLL, HSPLL TPWRT TFRC + TLOCK |2, 3, 4
All Others Any Clock — — None

Note 1: TPOR = Power-on Reset delay.

2: TPWRT = 64 ms nominal if the Power-up Timer (PWRT) is enabled; otherwise, it is zero.

TFRC and TLPRC = RC oscillator start-up times.

3:
4: TLocK = PLL lock time.
5

TosT = Oscillator Start-up Timer (OST). A 10-bit counter waits 1024 oscillator periods before releasing the

oscillator clock to the system.

6: If Two-Speed Start-up is enabled, regardless of the primary oscillator selected, the device starts with
FRC, and in such cases, FRC start-up time is valid.

Note: For detailed operating frequency and timing specifications, see Section 29.0 “Electrical Characteristics”.

DS39995D-page 72
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7.21 POR AND LONG OSCILLATOR
START-UP TIMES

The oscillator start-up circuitry and its associated delay
timers are not linked to the device Reset delays that
occur at power-up. Some crystal circuits (especially
low-frequency crystals) will have a relatively long
start-up time. Therefore, one or more of the following
conditions is possible after SYSRST is released:

* The oscillator circuit has not begun to oscillate.

» The Oscillator Start-up Timer (OST) has not
expired (if a crystal oscillator is used).

» The PLL has not achieved a lock (if PLL is used).

The device will not begin to execute code until a valid
clock source has been released to the system.
Therefore, the oscillator and PLL start-up delays must
be considered when the Reset delay time must be
known.

7.2.2 FAIL-SAFE CLOCK MONITOR
(FSCM) AND DEVICE RESETS

If the FSCM is enabled, it will begin to monitor the
system clock source when SYSRST is released. If a
valid clock source is not available at this time, the
device will automatically switch to the FRC oscillator
and the user can switch to the desired crystal oscillator
in the Trap Service Routine (TSR).

7.3 Special Function Register Reset
States

Most of the Special Function Registers (SFRs)
associated with the PIC24F CPU and peripherals are
reset to a particular value at a device Reset. The SFRs
are grouped by their peripheral or CPU function and their
Reset values are specified in each section of this manual.

The Reset value for each SFR does not depend on the
type of Reset with the exception of four registers. The
Reset value for the Reset Control register, RCON, will
depend on the type of device Reset. The Reset value for
the Oscillator Control register, OSCCON, will depend on
the type of Reset and the programmed values of the
FNOSCx bits in the Flash Configuration Word
(FOSCSEL<2:0>); see Table 7-2. The RCFGCAL and
NVMCON registers are only affected by a POR.

74 Deep Sleep BOR (DSBOR)

Deep Sleep BOR is a very low-power BOR circuitry,
used when the device is in Deep Sleep mode. Due to
low current consumption, accuracy may vary.

The DSBOR trip point is around 2.0V. DSBOR is
enabled by configuring DSLPBOR (FDS<6>) = 1.
DSLPBOR will re-arm the POR to ensure the device will
reset if VDD drops below the POR threshold.

7.5 Brown-out Reset (BOR)

The PIC24FV32KA304 family devices implement a
BOR circuit, which provides the user several
configuration and power-saving options. The BOR is
controlled by the BORV<1:0> and BOREN<1:0>
Configuration bits (FPOR<6:5,1:0>). There are a total
of four BOR configurations, which are provided in
Table 7-3.

The BOR threshold is set by the BORV<1:0> bits. If
BOR is enabled (any values of BOREN<1:0>, except
‘00’), any drop of VDD below the set threshold point will
reset the device. The chip will remain in BOR until VDD
rises above the threshold.

If the Power-up Timer is enabled, it will be invoked after
VDD rises above the threshold. Then, it will keep the chip
in Reset for an additional time delay, TPWRT, if VDD
drops below the threshold while the Power-up Timer is
running. The chip goes back into a BOR and the
Power-up Timer will be initialized. Once VDD rises above
the threshold, the Power-up Timer will execute the
additional time delay.

BOR and the Power-up Timer (PWRT) are indepen-
dently configured. Enabling the Brown-out Reset does
not automatically enable the PWRT.

7.51 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<13>). Setting SBOREN
enables the BOR to function as previously described.
Clearing the SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise, it is
read as ‘0’.

Placing BOR under software control gives the user the
additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change the BOR configuration. It also allows the user
to tailor the incremental current that the BOR
consumes. While the BOR current is typically very
small, it may have some impact in low-power
applications.

Note: Even when the BOR is under software con-
trol, the Brown-out Reset voltage level is
still set by the BORV<1:0> Configuration
bits; it cannot be changed in software.
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7.5.2 DETECTING BOR

When BOR is enabled, the BOR bit (RCON<1>) is
always reset to ‘1’ on any BOR or POR event. This
makes it difficult to determine if a BOR event has
occurred just by reading the state of BOR alone. A
more reliable method is to simultaneously check the
state of both POR and BOR. This assumes that the
POR and BOR bits are reset to ‘0’ in the software
immediately after any POR event. If the BOR bit is ‘1’
while POR is ‘0’, it can be reliably assumed that a BOR
event has occurred.

Note: Even when the device exits from Deep
Sleep mode, both the POR and BOR bits
are set.

7.5.3 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, BOR remains under
hardware control and operates as previously
described. However, whenever the device enters Sleep
mode, BOR is automatically disabled. When the device
returns to any other operating mode, BOR s
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

Note: BOR levels differ depending on device type;
PIC24FV32KA3XX devices are at different
levels than those of PIC24F32KA3XX
devices. See Section 29.0 “Electrical

Characteristics” for BOR voltage levels.
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TABLE 8-1: TRAP VECTOR DETAILS
Vector Number IVT Address AIVT Address Trap Source

0 000004h 000104h Reserved

1 000006h 000106h Oscillator Failure

2 000008h 000108h Address Error

3 00000Ah 00010Ah Stack Error

4 00000Ch 00010Ch Math Error

5 00000Eh 00010Eh Reserved

6 000010h 000110h Reserved

7 000012h 000112h Reserved
TABLE 8-2: IMPLEMENTED INTERRUPT VECTORS

AIVT Interrupt Bit Locations
Interrupt Source Vector Number | IVT Address Address —
Flag Enable Priority

ADC1 Conversion Done 13 00002Eh 00012Eh IFS0<13> IEC0<13> IPC3<6:4>
Comparator Event 18 000038h 000138h IFS1<2> IEC1<2> IPC4<10:8>
CRC Generator 67 00009Ah 00019Ah IFS4<3> IEC4<3> IPC16<14:12>
CTMU 77 0000AEh 0001AEh IFS4<13> IEC4<13> IPC19<6:4>
External Interrupt O 0 000014h 000114h IFS0<0> IEC0<0> IPC0<2:0>
External Interrupt 1 20 00003Ch 00013Ch IFS1<4> IEC1<4> IPC5<2:0>
External Interrupt 2 29 00004Eh 00014Eh IFS1<13> IEC1<13> IPC7<6:4>
12C1 Master Event 17 000036h 000136h IFS1<1> IEC1<1> IPC4<6:4>
12C1 Slave Event 16 000034h 000134h IFS1<0> IEC1<0> IPC4<2:0>
12C2 Master Event 50 000078h 000178h IFS3<2> IEC3<2> IPC12<10:8>
12C2 Slave Event 49 000076h 000176h IFS3<1> IEC3<1> IPC12<6:4>
Input Capture 1 1 000016h 000116h IFS0<1> IEC0<1> IPC0<6:4>
Input Capture 2 5 00001Eh 00011Eh IFS0<5> IEC0<5> IPC1<6:4>
Input Capture 3 37 00005Eh 00015Eh IFS2<5> IEC2<5> IPC9<6:4>
Input Change Notification 19 00003Ah 00013Ah IFS1<3> IEC1<3> IPC4<14:12>
HLVD (High/Low-Voltage Detect) 72 0000A4h 0001A4h IFS4<8> IEC4<8> IPC17<2:0>
NVM — NVM Write Complete 15 000032h 000132h IFS0<15> IEC0<15> IPC3<14:12>
Output Compare 1 2 000018h 000118h IFS0<2> IEC0<2> IPC0<10:8>
Output Compare 2 6 000020h 000120h IFS0<6> IEC0<6> IPC1<10:8>
Output Compare 3 25 000046h 000146h IFS1<9> IEC1<9> IPC6<6:4>
Real-Time Clock/Calendar 62 000090h 000190h IFS3<14> IEC3<14> IPC15<10:8>
SPI1 Error 9 000026h 000126h IFS0<9> IEC0<9> IPC2<6:4>
SPI1 Event 10 000028h 000128h IFS0<10> IEC0<10> IPC2<10:8>
SPI2 Error 32 000054h 000154h IFS2<0> IEC2<2> IPC8<2:0>
SPI2 Event 33 000056h 000156h IFS2<1> IEC2<1> IPC8<6:4>
Timer1 3 00001Ah 00011Ah IFS0<3> IEC0<3> IPC0<14:12>
Timer2 7 000022h 000122h IFS0<7> IEC0<7> IPC1<14:12>
Timer3 8 000024h 000124h IFS0<8> IEC0<8> IPC2<2:0>
Timer4 27 00004Ah 00014Ah IFS1<11> IEC1<11> IPC6<14:12>
Timer5 28 00004Ch 00015Ch IFS1<12> IEC1<12> IPC7<2:0>
UART1 Error 65 000096h 000196h IFS4<1> IEC4<1> IPC16<6:4>
UART1 Receiver 1 00002Ah 00012Ah IFS0<11> IECO<11> IPC2<14:12>
UART1 Transmitter 12 00002Ch 00012Ch IFS0<12> IEC0<12> IPC3<2:0>
UART2 Error 66 000098h 000198h IFS4<2> IEC4<2> IPC16<10:8>
UART2 Receiver 30 000050h 000150h IFS1<14> IEC1<14> IPC7<10:8>
UART2 Transmitter 31 000052h 000152h IFS1<15> IEC1<15> IPC7<14:12>
Ultra Low-Power Wake-up 80 0000B4h 0001B4h IFS5<0> IEC5<0> IPC20<2:0>
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REGISTER 8-10: IFS5: INTERRUPT FLAG STATUS REGISTER §

u-0 u-0 u-0 u-0 u-0 u-0 U-0 U-0

bit 15 bit 8
u-0 u-0 u-0 u-0 u-0 u-0 u-0 R/W-0, HS
— — — — — — — ULPWUIF

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 15-1 Unimplemented: Read as ‘0’

bit 0 ULPWAUIF: Ultra Low-Power Wake-up Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 8-15:

IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

u-0 U-0 R/W-0 u-0 uU-0 u-0 U-0 R/W-0
— — CTMUIE — — — — HLVDIE
bit 15 bit 8
u-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 U-0
— — — — CRCIE U2ERIE U1ERIE —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13

bit 12-9
bit 8

bit 7-4
bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’
CTMUIE: CTMU Interrupt Enable bit

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

Unimplemented: Read as ‘0’
HLVDIE: High/Low-Voltage Detect Interrupt Enable bit

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

Unimplemented: Read as ‘0’
CRCIE: CRC Generator Interrupt Enable bit

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

U2ERIE: UART2 Error Interrupt Enable bit

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

U1ERIE: UART1 Error Interrupt Enable bit

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

Unimplemented: Read as ‘0’
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REGISTER 10-2: DSWAKE: DEEP SLEEP WAKE-UP SOURCE REGISTER("

uU-0 uU-0 uU-0 u-0 u-0 u-0 u-0 R/W-0, HS
— — — — — — — DSINTO
bit 15 bit 8
R/W-0, HS u-0 uU-0 R/W-0, HS R/W-0, HS  R/W-0, HS u-0 R/W-0, HS
DSFLT — — DSWDT DSRTCC DSMCLR — DSPOR(23)
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 15-9 Unimplemented: Read as ‘0’
bit 8 DSINTO: Deep Sleep Interrupt-on-Change bit
1 = Interrupt-on-change was asserted during Deep Sleep
0 = Interrupt-on-change was not asserted during Deep Sleep
bit 7 DSFLT: Deep Sleep Fault Detect bit
1 = A Fault occurred during Deep Sleep and some Deep Sleep configuration settings may have been
corrupted
0 = No Fault was detected during Deep Sleep
bit 6-5 Unimplemented: Read as ‘0’
bit 4 DSWDT: Deep Sleep Watchdog Timer Time-out bit
1 = The Deep Sleep Watchdog Timer timed out during Deep Sleep
0 = The Deep Sleep Watchdog Timer did not time out during Deep Sleep
bit 3 DSRTCC: Deep Sleep Real-Time Clock and Calendar (RTCC) Alarm bit
1 = The Real-Time Clock and Calendar triggered an alarm during Deep Sleep
0 = The Real-Time Clock and Calendar did not trigger an alarm during Deep Sleep
bit 2 DSMCLR: Deep Sleep MCLR Event bit
1 = The MCLR pin was active and was asserted during Deep Sleep
0 = The MCLR pin was not active, or was active, but not asserted during Deep Sleep
bit 1 Unimplemented: Read as ‘0’
bit 0 DSPOR: Deep Sleep Power-on Reset Event bit(2:3)

1 = The VDD supply POR circuit was active and a POR event was detected
0 = The VDD supply POR circuit was not active, or was active, but did not detect a POR event

Note 1: All register bits are cleared when the DSEN (DSCON<15>) bit is set.

2: All register bits are reset only in the case of a POR event outside of Deep Sleep mode, except bit,
DSPOR, which does not reset on a POR event that is caused due to a Deep Sleep exit.

3: Unlike the other bits in this register, this bit can be set outside of Deep Sleep.
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REGISTER 19-2: RTCPWC: RTCC CONFIGURATION REGISTER 2()

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PWCEN PWCPOL | PWCCPRE | PWCSPRE | RTCCLK1(® | RTCCLKO0®@ | RTCOUT1 RTCOUTO
bit 15 bit 8
U-0 U-0 U-0 U-0 u-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 PWCEN: Power Control Enable bit

1 = Power control is enabled
0 = Power control is disabled
bit 14 PWCPOL: Power Control Polarity bit
1 = Power control output is active-high
0 = Power control output is active-low
bit 13 PWCCPRE: Power Control Control/Stability Prescaler bits
1 = PWC stability window clock is divide-by-2 of source RTCC clock
0 = PWC stability window clock is divide-by-1 of source RTCC clock
bit 12 PWCSPRE: Power Control Sample Prescaler bits
1 = PWC sample window clock is divide-by-2 of source RTCC clock
0 = PWC sample window clock is divide-by-1 of source RTCC clock
bit 11-10 ~ RTCCLK<1:0>: RTCC Clock Select bits(?)
Determines the source of the internal RTCC clock, which is used for all RTCC timer operations.
00 = External Secondary Oscillator (SOSC)
01 = Internal LPRC Oscillator
10 = External power line source — 50 Hz
11 = External power line source — 60 Hz

bit 9-8 RTCOUT<1:0>: RTCC Output Select bits
Determines the source of the RTCC pin output.

00 = RTCC alarm pulse
01 = RTCC seconds clock
10 = RTCC clock

11 = Power control

bit 7-0 Unimplemented: Read as ‘0’

Note 1: The RTCPWC register is only affected by a POR.

2:  When a new value is written to these register bits, the Seconds Value register should also be written to
properly reset the clock prescalers in the RTCC.
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FIGURE 19-2: ALARM MASK SETTINGS
Day of
Alarm Mask Setting the
(AMASK<3:0>) Week Day Hours  Minutes Seconds

0000 - Every half second
0001 - Every second

0010 - Every 10 seconds

0011 - Every minute

0100 - Every 10 minutes

0101 - Every hour

0110 - Every day

0111 - Every week

1000 - Every month

OO R OO0 00O 0

1001 - Every year(”

0/O0 OE-00: 0
0/000 OO0 -]
C0/000 O =00 =[]
0/00 TR Clm) s [=][]
L0700 EIET e [m{m] 2 [ ][]
CIE1/TE] [r][e] e [m][m] 2 [+][]
CIE1/700ET (][] e [m{m] 2 [ ][]
CIE/Tadle] [n][n] s [m][m]: [<][]
[m]m]/[a]fe] [n][n]s[m][m]:[<][e]

Note 1: Annually, except when configured for February 29.

19.5 POWER CONTROL

The RTCC includes a power control feature that allows
the device to periodically wake-up an external device,
wait for the device to be stable before sampling wake-up
events from that device and then shut down the external
device. This can be done completely autonomously by
the RTCC, without the need to wake from the current
low-power mode (Sleep, Deep Sleep, etc.).

To enable this feature, the RTCC must be enabled
(RTCEN = 1), the PWCEN register bit must be set and
the RTCC pin must be driving the PWC control signal
(RTCOE =1 and RTCOUT<1:0> = 11).

The polarity of the PWC control signal may be chosen
using the PWCPOL register bit. Active-low or
active-high may be used with the appropriate external
switch to turn on or off the power to one or more exter-
nal devices. The active-low setting may also be used in
conjunction with an open-drain setting on the RTCC
pin. This setting is able to drive the GND pin(s) of the
external device directly (with the appropriate external
VDD pull-up device), without the need for external
switches. Finally, the CHIME bit should be set to enable
the PWC periodicity.
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25.3

The CTMU module can also generate an output pulse
with edges that are not synchronous with the device’s
system clock. More specifically, it can generate a pulse
with a programmable delay from an edge event input to
the module.

Pulse Generation and Delay

When the module is configured for pulse generation
delay by setting the TGEN bit (CTMUCON<12>), the
internal current source is connected to the B input of
Comparator 2. A capacitor (CDELAY) is connected to
the Comparator 2 pin, C2INB, and the Comparator
Voltage Reference, CVREF, is connected to C2INA.
CVREF is then configured for a specific trip point. The
module begins to charge CDELAY when an edge event
is detected. While CVREF is greater than the voltage on
CDELAY, CTPLS is high.

FIGURE 25-3:
DELAY GENERATION

When the voltage on CDELAY equals CVREF, CTPLS
goes low. With Comparator 2 configured as the second
edge, this stops the CTMU from charging. In this state
event, the CTMU automatically connects to ground.
The IDISSEN bit doesn’'t need to be set and cleared
before the next CTPLS cycle.

Figure 25-3 illustrates the external connections for
pulse generation, as well as the relationship of the
different analog modules required. While CTED1 is
shown as the input pulse source, other options are
available. A detailed discussion on pulse generation
with the CTMU module is provided in the “PIC24F
Family Reference Manual’.

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE

PIC24F Device

CTMU
voo—D Q »[<] cTPLS
EDG1 EDG1 EDG2
H L e X cK Q
Current
Source

C2INB

CDELAY
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TABLE 28-2:

INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonic Assembly Syntax Description Words | Cycles | Affectod
PWRSAV PWRSAV #1itl Go into Sleep or Idle mode 1 1 WDTO, Sleep
RCALL RCALL Expr Relative Call 1 2 None

RCALL Wn Computed Call 1 2 None
REPEAT REPEAT #1itl4 Repeat Next Instruction lit14 + 1 times 1 1 None
REPEAT Wn Repeat Next Instruction (Wn) + 1 times 1 1 None
RESET RESET Software Device Reset 1 1 None
RETFIE RETFIE Return from Interrupt 1 3(2) | None
RETLW RETLW #11t10,Wn Return with Literal in Wn 1 3(2) | None
RETURN RETURN Return from Subroutine 1 3(2) | None
RLC RLC f f = Rotate Left through Carry f 1 1 C,N,Z
RLC f, WREG WREG = Rotate Left through Carry f 1 1 C,N,Z
RLC Ws, Wd Wd = Rotate Left through Carry Ws 1 1 C,N,Z
RLNC RLNC £ f = Rotate Left (No Carry) f 1 1 N, Z
RLNC £, WREG WREG = Rotate Left (No Carry) f 1 1 N, Z
RLNC Ws, Wd Wd = Rotate Left (No Carry) Ws 1 1 N, Z
RRC RRC £ f = Rotate Right through Carry f 1 1 C,N,zZ
RRC f, WREG WREG = Rotate Right through Carry f 1 1 C,N,zZ
RRC Ws, Wd Wd = Rotate Right through Carry Ws 1 1 C,N,Z
RRNC RRNC £ f = Rotate Right (No Carry) f 1 1 N, Z
RRNC £, WREG WREG = Rotate Right (No Carry) f 1 1 N, Z
RRNC Ws, Wd Wd = Rotate Right (No Carry) Ws 1 1 N, Z
SE SE Ws, Wnd Wnd = Sign-Extended Ws 1 1 C,N,Z
SETM SETM £ f=FFFFh 1 1 None
SETM WREG WREG = FFFFh 1 1 None
SETM Ws Ws = FFFFh 1 1 None
SL SL £ f = Left Shift f 1 1 C,N,0V, Z
SL £, WREG WREG = Left Shift f 1 1 C,N,0Vv, Z
SL Ws, Wd Wd = Left Shift Ws 1 1 C,N, 0V, Z
SL Wb, Wns, Wnd Wnd = Left Shift Wb by Wns 1 1 N, Z
SL Wb, #1it5,Wnd Wnd = Left Shift Wb by lit5 1 1 N, Z
SUB SUB £ f=f- WREG 1 1 C,DC,N,0V,Z
SUB £, WREG WREG = f - WREG 1 1 C,DC,N,0V,Z
SUB #11t10,Wn Wn =Wn - lit10 1 1 C,DC,N,0V,Z
SUB Wb, Ws, Wd Wd = Wb - Ws 1 1 C,DC,N,0V, Z
SUB Wb, #1it5,Wd Wd = Wb - lit5 1 1 C,DC,N,0V, Z
SUBB SUBB £ f=f- WREG - (C) 1 1 C,DC,N,0V,Z
SUBB £, WREG WREG = f— WREG - (C) 1 1 C,DC,N,0V,Z
SUBB #11t10,Wn Wn = Wn —it10 — (C) 1 1 C,DC,N,0V,Z
SUBB Wh, Ws, Wd Wd = Wb - Ws — (C) 1 1 C,DC,N,0V,Z
SUBB Wb, #1it5,Wd Wd = Wb — lit5 — (C) 1 1 C,DC,N,0V,Z
SUBR SUBR £ f=WREG - f 1 1 C,DC,N,0V, Z
SUBR £, WREG WREG = WREG - f 1 1 C,DC,N,0V,Z
SUBR Wb, Ws, Wd Wd =Ws - Wb 1 1 C,DC,N,0V,Z
SUBR Wb, #1it5,Wd Wd = 1its — Wb 1 1 C,DC,N,0V,Z
SUBBR SUBBR £ f=WREG - f- (C) 1 1 C,DC,N,0V,Z
SUBBR £, WREG WREG = WREG - f - (C) 1 1 C,DC,N,0V,Z
SUBBR Wh, Ws, Wd Wd = Ws — Wb — (C) 1 1 C,DC,N,0V,Z
SUBBR Wo, #1it5,Wd Wwd = Iit5—Wb—(E) 1 1 C,DC, N, 0V, Z
SWAP SWAP.Db Wn Whn = Nibble Swap Wn 1 1 None
SWAP Wn Wn = Byte Swap Wn 1 1 None
TBLRDH TBLRDH Ws, Wd Read Prog<23:16> to Wd<7:0> 1 2 None
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NOTES:
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