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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
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24
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28-SSOP
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PIC24FV32KA304 FAMILY

Pin Diagrams

-Pi (1) _ o J
20-Pin SPDIP/SSOP/SOIC MCLR/RAS [] 1 207 Vo
RAO 2 « 191 Vss
RA1 3 § S 180 RB15
RBO []4 < Z 170 RB14
RB1 5 ¥ X 16[] RB13
RB2 [|6 X & 150 RB12
RA2 [J7 g i 14 RAG6 or Vcap
RA3 []8 & & 13[JRB9
RB4 []9 12[] RB8
RA4 []10 110 RB7
Pin Features
Pin
PIC24FVXXKA301 PIC24FXXKA301
1 MCLR/VPP/RA5 MCLR/VPP/RAS
2 PGEC2/VREF+/CVREF+/ANO/C3INC/SCK2/CN2/RA0 PGEC2/VREF+/CVREF+/ANO/C3INC/SCK2/CN2/RAO
3 PGED2/CVREF-/VREF-/AN1/SDO2/CN3/RA1 PGED2/CVREF-/VREF-/AN1/SDO2/CN3/RA1
4 PGED1/AN2/ULPWU/CTCMP/C1IND/C2INB/C3IND/U2TX/SDI2/ PGED1/AN2/ULPWU/CTCMP/C1IND/C2INB/C3IND/U2TX/SDI2/
OC2/CN4/RBO OC2/CN4/RBO
5 PGEC1/AN3/C1INC/C2INA/U2RX/OC3/CTED12/CN5/RB1 PGEC1/AN3/C1INC/C2INA/U2RX/OC3/CTED12/CN5/RB1
6 AN4/SDA2/T5CK/T4CK/U1RX/CTED13/CN6/RB2 AN4/SDA2/T5CK/T4CK/U1RX/CTED13/CN6/RB2
7 OSCI/AN13/C1INB/C2IND/CLKI/CN30/RA2 OSCI/AN13/C1INB/C2IND/CLKI/CN30/RA2
8 OSCO/AN14/C1INA/C2INC/CLKO/CN29/RA3 OSCO/AN14/C1INA/C2INC/CLKO/CN29/RA3
9 PGED3/SOSCI/AN15/U2RTS/CN1/RB4 PGED3/SOSCI/AN15/U2RTS/CN1/RB4
10 PGEC3/SOSCO/SCLKI/U2CTS/CNO/RA4 PGEC3/SOSCO/SCLKI/U2CTS/CNO/RA4
1" U1TX/C20UT/OC1/IC1/CTED1/INTO/CN23/RB7 U1TX/INTO/CN23/RB7
12 SCL1/U1CTS/C30UT/CTED10/CN22/RB8 SCL1/U1CTS/C30UT/CTED10/CN22/RB8
13 SDA1/T1CK/U1RTS/IC2/CTED4/CN21/RB9 SDA1/T1CK/U1RTS/IC2/CTED4/CN21/RB9
14 | Vcar C20UT/OC1/IC1/CTED1/INT2/CN8/RA6
15 AN12/HLVDIN/SCK1/SS2/IC3/CTED2/INT2/CN14/RB12 AN12/HLVDIN/SCK1/SS2/IC3/CTED2/CN14/RB12
16 AN11/SDO1/OCFB/CTPLS/CN13/RB13 AN11/SDO1/OCFB/CTPLS/CN13/RB13
17 CVREF/AN10/C3INB/RTCC/SDI1/C10OUT/OCFA/CTEDS/INT1/ CVREF/AN10/C3INB/RTCC/SDI1/C10UT/OCFA/CTEDS/INT1/
CN12/RB14 CN12/RB14
18 AN9/C3INA/SCL2/T3CK/T2CK/REFO/SS1/CTED6/CN11/RB15 AN9/C3INA/SCL2/T3CK/T2CK/REFO/SS1/CTED6/CN11/RB15
19 | Vss/AVss Vss/AVss
20 | VDD/AVDD VDD/AVDD
Legend: Pin numbers in bold indicate pin function differences between PIC24FV and PIC24F devices.
Note 1: PIC24F32KA304 device pins have a maximum voltage of 3.6V and are not 5V tolerant.
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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
C3INA 18 26 23 15 16 18 26 23 15 16 | ANA | Comparator 3 Input A (+)
C3INB 17 25 22 14 15 17 25 22 14 15 | ANA | Comparator 3 Input B (-)
C3INC 2 2 27 19 21 2 2 27 19 21 | ANA | Comparator 3 Input C (+)
C3IND 4 4 1 21 23 4 4 1 21 23 | ANA | Comparator 3 Input D (-)
C30UT 12 17 14 44 48 12 17 14 44 48 (0] — Comparator 3 Output
CLK 7 9 30 33 7 9 30 33 | ANA | Main Clock Input
CLKO 8 10 31 34 8 10 31 34 o — System Clock Output
CNO 10 12 34 37 10 12 34 37 | ST Interrupt-on-Change Inputs
CN1 9 1 33 36 9 11 33 36 | ST
CN2 2 2 27 19 21 2 2 27 19 21 | ST
CN3 3 3 28 20 22 3 3 28 20 22 | ST
CN4 4 4 1 21 23 4 4 1 21 23 | ST
CN5 5 5 22 24 5 5 22 24 | ST
CN6 6 6 23 25 6 6 23 25 | ST
CN7 — 7 24 26 — 7 24 26 | ST
CN8 14 20 17 7 — — — — — | ST
CN9 — 19 16 6 6 — 19 16 6 6 | ST
CN10 — — — 27 29 — — — 27 29 | ST
CN11 18 26 23 15 16 18 26 23 15 16 | ST
CN12 17 25 22 14 15 17 25 22 14 15 | ST
CN13 16 24 21 11 12 16 24 21 11 12 | ST
CN14 15 23 20 10 1 15 23 20 10 11 | ST
CN15 — 22 19 9 10 — 22 19 9 10 | ST
CN16 — 21 18 8 9 — 21 18 8 9 | ST
CN17 — — — 3 3 — — — 3 3 | ST
CN18 — — — 2 2 — — — 2 2 | ST
CN19 — — — 5 5 — — — 5 5 | ST
CN20 — — — 4 4 — — — 4 4 | ST
CN21 13 18 15 1 1 13 18 15 1 1 | ST
CN22 12 17 14 44 48 12 17 14 44 48 | ST
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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

SoiCc SoIC soIC SoiCc
CTPLS 16 24 21 1 12 16 24 21 1 12 o — CTMU Pulse Output
HLVDIN 15 23 20 10 1 15 23 20 10 1 | ST High/Low-Voltage Detect Input
IC1 14 19 16 6 6 11 19 16 6 6 | ST Input Capture 1 Input
IC2 13 18 15 5 5 13 18 15 5 5 | ST Input Capture 2 Input
IC3 15 23 20 13 14 15 23 20 13 14 | ST Input Capture 3 Input
INTO 1 16 13 43 47 1 16 13 43 47 | ST Interrupt O Input
INT1 17 25 22 14 15 17 25 22 14 15 | ST Interrupt 1 Input
INT2 14 20 17 7 7 15 23 20 10 1 | ST Interrupt 2 Input
MCLR 1 1 26 18 19 1 1 26 18 19 | ST Master Clear (Device Reset) Input (active-low)
OcC1 14 20 17 7 7 11 16 13 43 47 O — Output Compare/PWM1 Output
0oC2 4 22 19 4 4 4 22 19 4 4 O — Output Compare/PWM2 Output
OC3 5 21 18 12 13 5 21 18 12 13 O — Output Compare/PWM3 Output
OCFA 17 25 22 14 15 17 25 22 14 15 o — Output Compare Fault A
OFCB 16 24 21 32 35 16 24 21 32 35 o — Output Compare Fault B
OSClI 7 6 30 33 7 6 30 33 | ANA | Main Oscillator Input
0SCO 8 10 7 31 34 8 10 7 31 34 o ANA | Main Oscillator Output
PGEC1 5 2 22 24 5 2 22 24 110 ST ICSP™ Clock 1
PCED1 4 1 21 23 4 1 21 23 1/10 ST ICSP Data 1
PGEC2 2 22 19 19 10 2 22 19 19 10 110 ST ICSP Clock 2
PGED2 3 21 18 8 9 3 21 18 8 9 1/10 ST ICSP Data 2
PGEC3 10 15 12 42 46 10 15 12 42 46 1/10 ST ICSP Clock 3
PGED3 9 14 1 41 45 9 14 11 41 45 1/10 ST ICSP Data 3
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TABLE 4-11: SPIx REGISTER MAP
NFiIe Addr Bit 15 Bit 14 Bit13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All
ame Resets
SPI1STAT 0240 SPIEN — SPISIDL — — SPIBEC2 | SPIBEC1 | SPIBECO| SRMPT | SPIROV | SR1MPT | SISEL2 | SISEL1 | SISELO | SPITBF | SPIRBF | 0000
SPI1CON1 0242 — — — DISSCK | DISSDO | MODE16 | SMP CKE SSEN CKP MSTEN | SPRE2 | SPRE1 | SPREO | PPRE1 | PPREO | 0000
SPI1CON2 0244 | FRMEN | SPIFSD | SPIFPOL — — — — — — — — — — — SPIFE | SPIBEN | 0000
SPI1BUF 0248 SPIMBUF 0000
SPI2STAT 0260 SPIEN — SPISIDL — — SPIBEC2 | SPIBEC1 | SPIBECO| SRMPT | SPIROV | SRXMPT | SISEL2 | SISEL1 | SISELO | SPITBF | SPIRBF | 0000
SPI2CON1 0262 — — — DISSCK | DISSDO | MODE16 | SMP CKE SSEN CKP MSTEN | SPRE2 | SPRE1 | SPREO | PPRE1 | PPREO | 0000
SPI2CON2 0264 | FRMEN | SPIFSD | SPIFPOL — — — — — — — — — — — SPIFE | SPIBEN | 0000
SPI2BUF 0268 SPI2BUF 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-12: PORTA REGISTER MAP
File Addr | Bit15 | Bit14 | Bit13 | Bit12 |Bit11?¥| Bit10@3 | Bit9o>% | Bits?3 | Bit7? | Bite® | Bit5" Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Al
Name Resets
TRISA 02C0 — — — — TRISA11 | TRISA10 | TRISA9 | TRISA8 | TRISA7 | TRISA6 — TRISA4 TRISA3 TRISA2 | TRISA1 | TRISAO | 00DF
PORTA 02C2 — — — — RA11 RA10 RA9 RA8 RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX
LATA 02C4 — — — — LATA11 LATA10 LATA9 LATA8 LATA7 LATA6 — LATA4 LATA3 LATA2 LATA1 LATAO | xxxx
ODCA 02C6 — — — — ODAM1 ODA10 ODA9 ODA8 ODA7 ODAG6 — ODA4 ODA3 ODA2 ODA1 ODAO 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: This bitis available only when MCLRE = 1.
2: These bits are not implemented in 20-pin devices.
3: These bits are not implemented in 28-pin devices.
4: These bits are not implemented in FV devices.
TABLE 4-13: PORTB REGISTER MAP
File | adar | Bit15 Bit 14 Bit13 Bit 12 Bit 11" | Bit 10 Bit9 Bit8 Bit7 | Bité" | Bits!") | Bit4 | Bit3™" | Bit2 Bit 1 Bit0 All
Name Resets
TRISB | 02C8 | TRISB15 | TRISB14 | TRISB13 | TRISB12 | TRISB11 | TRISB10 | TRISB9 | TRISB8 | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | FFFF
PORTB | 02CA RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXK
LATB 02CC | LATB15 LATB14 LATB13 LATB12 LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 LATB5 | LATB4 LATB3 | LATB2 | LATB1 LATBO | xxxx
ODCB | 02CE | ODB15 ODB14 ODB13 ODB12 ODB11 ODB10 ODB9 ODB38 ODB7 ODB6 ODB5 ODB4 ODB3 ODB2 ODB1 ODBO 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These bits are not implemented in 20-pin devices.
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PIC24FV32KA304 FAMILY

FIGURE 8-1:

PIC24F INTERRUPT VECTOR TABLE

Decreasing Natural Order Priority

Note 1:

Reset — GOTO Instruction

Reset — GOTO Address

Reserved

Oscillator Fail Trap Vector

Address Error Trap Vector

Stack Error Trap Vector

Math Error Trap Vector

Reserved

Reserved

Reserved

Interrupt Vector 0

Interrupt Vector 1

Interrupt Vector 52

Interrupt Vector 53

Interrupt Vector 54

Interrupt Vector 116

InterrLth Vector 117

Reserved

Reserved

Reserved

Oscillator Fail Trap Vector

Address Error Trap Vector

Stack Error Trap Vector

Math Error Trap Vector

Reserved

Reserved

Reserved

Interrupt Vector 0

Interrupt Vector 1

Interrupt Vector 52

Interrupt Vector 53

Interrupt Vector 54

Interrupt Vector 116

Interrupt Vector 117

Start of Code

000000h
000002h
000004h

000014h

00007Ch
00007Eh
000080h

0000FCh
0000FEh
000100h
000102h

000114h

00017Ch
00017Eh
000180h

0001FEh
000200h

See Table 8-2 for the interrupt vector list.

Interrupt Vector Table (IVT)(")

Alternate Interrupt Vector Table (AIVT)("

DS39995D-page 76
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PIC24FV32KA304 FAMILY

REGISTER 8-11: IECO: INTERRUPT ENABLE CONTROL REGISTER 0

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
NNME |  — | ADIE | UITXE | UIRXIE | SPMIE | SPFIIE T3IE

bit 15 bit 8
R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
T2IE OC2IE IC2IE — 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’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 NVMIE: NVM Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 14 Unimplemented: Read as ‘0’
bit 13 AD1IE: A/D Conversion Complete 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 SPHIE: SPI1 Transfer Complete Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 9 SPF1IE: SPI1 Fault 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 Unimplemented: Read as ‘0’
bit 3 T1IE: Timer1 Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled
bit 2 OCA1IE: Output Compare Channel 1 Interrupt Enable bit

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

DS39995D-page 90
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REGISTER 8-18:

IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1

uU-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T2IP2 T2IP1 T2IPO — OC2IP2 OC2IP1 OC2IP0O
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 uU-0
— IC2IP2 IC2IP1 IC2IPO — — — —
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
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3-0

Unimplemented: Read as ‘0’
T2IP<2:0>: Timer2 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

Unimplemented: Read as ‘0’

0OC2IP<2:0>: Output Compare Channel 2 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

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

Unimplemented: Read as ‘0’

IC2IP<2:0>: Input Capture Channel 2 Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

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

Unimplemented: Read as ‘0’
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PIC24FV32KA304 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 refer-
ence source. For more information on
Oscillator Configuration, refer to the
“PIC24F Family Reference Manual’,
Section 38. “Oscillator with 500 kHz

Low-Power FRC” (DS39726).

The oscillator system for the PIC24FV32KA304 family
of devices has the following features:

» A total of five external and internal oscillator options
as clock sources, providing 11 different clock
modes.

» On-chip 4x Phase Locked Loop (PLL) to boost
internal operating frequency on select internal and
external oscillator sources.

FIGURE 9-1:

» Software-controllable switching between various
clock sources.

» Software-controllable postscaler for selective
clocking of CPU for system power savings.

» System frequency range declaration bits for EC
mode. When using an external clock source, the
current consumption is reduced by setting the
declaration bits to the expected frequency range.

» A Fail-Safe Clock Monitor (FSCM) that detects clock
failure and permits safe application recovery or
shutdown.

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

PIC24FV32KA304 FAMILY CLOCK DIAGRAM

Primary Oscillator

l REFOCON<15:8>

! ! XT, HS, EC
osco P12 - I JU .
I | + Reference Clock
. . XTPLL, HSPLL ,  Generator
OSClI % _______ 4 x PLL ECPLL,FRCPLL : > :
o ~j ' |8MHz - -
5 - , ,
8 MHz ' © ' 4MHz | | .- ___.__FK_.
e . 3 - : FRCDIV /
Oscillator , 2 > !
1l O ' .
] ' Peripherals
500 kHz
LPFRC CLKDIV<10:8> FRC
Oscillator >
CLKO
—
'
LPRC LPRC ' !
Oscillator | 31 kHz (nominal) 2 > " | cpu
o2 >
rS_es:qn_d:-_zry Oscillator : § > :
' ' SOSC R || I e
s0sco DXH—— >>
: : = 1 cikoiv<id:zs
! 0 EOSb(EEN
SOSCI |E_ I : Ol';(a:i”aetor Clock Control Logic
"""" Fail-Safe
Clock
Monitor

WDT, PWRT, DSWDT

Clock Source Option

for Other Modules
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9.1 CPU Clocking Scheme

The system clock source can be provided by one of
four sources:

» Primary Oscillator (POSC) on the OSCI and OSCO
pins

» Secondary Oscillator (SOSC) on the SOSCI and
SOSCO pins
The PIC24FV32KA304 family devices consist of
two types of secondary oscillator:

- High-Power Secondary Oscillator
- Low-Power Secondary Oscillator

These can be selected by using the SOSCSEL
(FOSC<5>) bit.

» Fast Internal RC (FRC) Oscillator
- 8 MHz FRC Oscillator
- 500 kHz Lower Power FRC Oscillator
» Low-Power Internal RC (LPRC) Oscillator with two
modes:
- High-Power/High Accuracy mode
- Low-Power/Low Accuracy mode

The primary oscillator and 8 MHz FRC sources have the
option of using the internal 4x PLL. The frequency of the
FRC clock source can optionally be reduced by the pro-
grammable clock divider. The selected clock source
generates the processor and peripheral clock sources.

The processor clock source is divided by two to produce
the internal instruction cycle clock, Fcy. In this
document, the instruction cycle clock is also denoted by
Fosc/2. The internal instruction cycle clock, FOSc/2, can
be provided on the OSCO I/O pin for some operating
modes of the primary oscillator.

9.2 Initial Configuration on POR

The oscillator source (and operating mode) that is used
at a device Power-on Reset (POR) event is selected
using Configuration bit settings. The Oscillator Configu-
ration bit settings are located in the Configuration
registers in the program memory (for more information,
see Section 26.1 “Configuration Bits”). The Primary
Oscillator Configuration bits, POSCMD<1:0>
(FOSC<1:0>), and the Initial Oscillator Select Configura-
tion bits, FNOSC<2:0> (FOSCSEL<2:0>), select the
oscillator source that is used at a POR. The FRC Primary
Oscillator with Postscaler (FRCDIV) is the default (unpro-
grammed) selection. The secondary oscillator, or one of
the internal oscillators, may be chosen by programming
these bit locations. The EC mode Frequency Range
Configuration bits, POSCFREQ<1:0> (FOSC<4:3>),
optimize power consumption when running in EC mode.
The default configuration is “frequency range is greater
than 8 MHZz".

The Configuration bits allow users to choose between
the various clock modes, shown in Table 9-1.

9.2.1 CLOCK SWITCHING MODE
CONFIGURATION BITS

The FCKSMx Configuration bits (FOSC<7:6>) are
used jointly to configure device clock switching and the
FSCM. Clock switching is enabled only when FCKSMA1
is programmed (‘0’). The FSCM is enabled only when
FCKSM<1:0> are both programmed (‘00’).

TABLE 9-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION

Oscillator Mode Oscillator Source | POSCMD<1:0> FNOSC<2:0> Notes
8 MHz FRC Oscillator with Postscaler Internal 11 111 1,2
(FRCDIV)
500 kHz FRC Oscillator with Postscaler Internal 11 110 1
(LPFRCDIV)
Low-Power RC Oscillator (LPRC) Internal 11 101 1
Secondary (Timer1) Oscillator (SOSC) Secondary 00 100 1
Primary Oscillator (HS) with PLL Module Primary 10 011
(HSPLL)
Primary Oscillator (EC) with PLL Module Primary 00 011
(ECPLL)
Primary Oscillator (HS) Primary 10 010
Primary Oscillator (XT) Primary 01 010
Primary Oscillator (EC) Primary 00 010
8 MHz FRC Oscillator with PLL Module Internal 11 001 1
(FRCPLL)
8 MHz FRC Oscillator (FRC) Internal 11 000 1

Note 1: The OSCO pin function is determined by the OSCIOFNC Configuration bit.
2: This is the default oscillator mode for an unprogrammed (erased) device.

DS39995D-page 116

© 2011-2013 Microchip Technology Inc.



PIC24FV32KA304 FAMILY

REGISTER 15-2: OCxCON2: OUTPUT COMPARE x CONTROL REGISTER 2 (CONTINUED)

bit 4-0 SYNCSEL<4:0>: Trigger/Synchronization Source Selection bits

11111 = This output compare module(")
11110 = Reserved

11101 = Reserved

11100 = CTMU®@

11011 = A/D@

11010 = Comparator 32)
11001 = Comparator 2(2)
11000 = Comparator 1(2)
10111 = Input Capture 4
10110 = Input Capture 3
10101 = Input Capture 2(?)
10100 = Input Capture 1)
100xx = Reserved

01111 = Timer5

01110 = Timer4

01101 = Timer3

01100 = Timer2

01011 = Timer1

01010 = Input Capture 5(2)
01001 = Reserved

01000 = Reserved

00111 = Reserved

00110 = Reserved

00101 = Output Compare 51
00100 = Output Compare 4™
00011 = Output Compare 3
00010 = Output Compare 2(1)
00001 = Output Compare 11
00000 = Not synchronized to any other module

Note 1: Do not use an output compare 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: These bits affect the rising edge when OCINV = 1. The bits have no effect when the OCMx bits
(OCxCON1<2:0>) = 001.
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17.3 Setting Baud Rate When
Operating as a Bus Master

To compute the Baud Rate Generator (BRG) reload
value, use Equation 17-1.

EQUATION 17-1: COMPUTING BAUD RATE

RELOAD VALUE(")

Fcy
I2CxBRG + 1 +

FscL =

Fcy
10, 000, 000

or

[2CxBRG = (&_L _
FscL 10, 000, 00

17.4 Slave Address Masking

The 12CxMSK register (Register 17-3) designates
address bit positions as “don’t care” for both 7-Bit and
10-Bit Addressing modes. Setting a particular bit
location (= 1) in the I2CxMSK register causes the slave
module to respond, whether the corresponding
address bit value is ‘0’ or ‘1’. For example, when
I2CxMSK is set to ‘00100000, the slave module will
detect both addresses: ‘0000000’ and ‘00100000°.

To enable address masking, the Intelligent Peripheral
Management Interface (IPMI) must be disabled by
clearing the IPMIEN bit (I2C1CON<11>).

Note: As a result of changes in the 1’C protocol,
the addresses in Table 17-2 are reserved
and will not be Acknowledged in Slave

mode. This includes any address mask

Note 1: Baseg on Fcy = Fosc/2; Doze mode and PLL seftings that include any of these
are disabled. addresses.
TABLE 17-1:  12C™ CLOCK RATES!"
Rsefsl::';d Foy 12CxBRG Value AFctuaI
FscL (Decimal) (Hexadecimal) SCL
100 kHz 16 MHz 157 9D 100 kHz
100 kHz 8 MHz 78 4E 100 kHz
100 kHz 4 MHz 39 27 99 kHz
400 kHz 16 MHz 37 25 404 kHz
400 kHz 8 MHz 18 12 404 kHz
400 kHz 4 MHz 9 9 385 kHz
400 kHz 2 MHz 4 4 385 kHz
1 MHz 16 MHz 13 D 1.026 MHz
1 MHz 8 MHz 6 6 1.026 MHz
1 MHz 4 MHz 3 3 0.909 MHz
Note 1: Based on Fcy = Fosc/2; Doze mode and PLL are disabled.
TABLE 17-2: 12C™ RESERVED ADDRESSES(?)
Slave RIW Description
Address Bit
0000 000 0 |General Call Address®
0000 000 1 Start Byte
0000 001 x CBus Address
0000 010 X Reserved
0000 011 x Reserved
0000 1xx x HS Mode Master Code
1111 1xx x Reserved
1111 Oxx x 10-Bit Slave Upper Byte(s)
Note 1: The address bits listed here will never cause an address match, independent of the address mask settings.

2: This address will be Acknowledged only if GCEN = 1.
3: A match on this address can only occur on the upper byte in 10-Bit Addressing mode.
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REGISTER 17-2: I12CxSTAT: I12Cx STATUS REGISTER (CONTINUED)

bit 4

bit 3

bit 2

bit 1

bit 0

P: Stop bit

1 = Indicates that a Stop bit has been detected last

0 = Stop bit was not detected last

Hardware is set or cleared when a Start, Repeated Start or Stop is detected.

S: Start bit
1 = Indicates that a Start (or Repeated Start) bit has been detected last

0 = Start bit was not detected last
Hardware is set or clear when a Start, Repeated Start or Stop is detected.

RIW: Read/Write Information bit (when operating as 12c slave)
1 = Read — indicates data transfer is output from the slave

0 = Write — indicates data transfer is input to the slave

Hardware is set or clear after the reception of an 12C device address byte.
RBF: Receive Buffer Full Status bit

1 = Receive is complete, I2CxRCV is full

0 = Receive is not complete, I2CxRCV is empty

Hardware is set when I2CxRCV is written with a received byte; hardware is clear when the software reads
I2CxRCV.

TBF: Transmit Buffer Full Status bit
1 = Transmit is in progress, I2CxTRN is full
0 = Transmit is complete, I2CxTRN is empty

Hardware is set when the software writes to I2CxTRN; hardware is clear at the completion of data
transmission.
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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 on the Univer-
sal Asynchronous Receiver Transmitter,
refer to the “PIC24F Family Reference
Manual”, Section 21. “UART” (DS39708).

The Universal Asynchronous Receiver Transmitter
(UART) module is one of the serial I/O modules
available in this 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. This module
also supports a hardware flow control option with the
UxCTS and UxRTS pins, and also includes an IrDA®
encoder and decoder.

The primary features of the UART module are:

» Full-Duplex, 8-Bit 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 UxCTS and
UxRTS pins

» Fully Integrated Baud Rate Generator (IBRG) with
16-Bit Prescaler

» Baud Rates Ranging from 1 Mbps to 15 bps at
16 MIPS

* 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
(91 bit = 1)
« Transmit and Receive Interrupts
» Loopback mode for Diagnostic Support
» Support for Sync and Break Characters
» Supports Automatic Baud Rate Detection
« IrDA® Encoder and Decoder Logic
» 16x Baud Clock Output for IrDA Support
A simplified block diagram of the UARTXx is shown in
Figure 18-1. The UARTx module consists of these
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 USART module are
referred to generically by the use of X’ in
place of the specific module number.
Thus, “UxSTA” might refer to the USART
Status register for either USART1 or

USART2.
FIGURE 18-1: UARTx SIMPLIFIED BLOCK DIAGRAM
Baud Rate Generator

— IrDA® <] UXBCLK

—®| Hardware Flow Control >& UxRTS
X] UxCTS

— UARTXx Receiver - X] UxRX

—|  UARTX Transmitter <] UxTX
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REGISTER 22-10: AD1CTMUENH: A/D CTMU ENABLE REGISTER (HIGH WORD)(")

u-0 u-0 U-0 U-0 u-0 u-0 U-0 U-0
bit 15 bit 8
uU-0 U-0 U-0 u-0 U-0 U-0 R/W-0 R/W-0
— — — — — — CTMEN17 CTMEN16
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 15-2 Unimplemented: Read as ‘0.
bit 1-0 CTMEN<17:16>: CTMU Enabled During Conversion bits

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

Note 1: Unimplemented channels are read as ‘0’.

REGISTER 22-11: AD1CTMUENL: A/D CTMU ENABLE REGISTER (LOW WORD)(")

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CTMEN15 CTMEN14 CTMEN13 CTMEN12 | CTMUENM | CTMEN10 ‘ CTMEN9 ‘ CTMENS
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
CTMEN7 CTMENG6 CTMEN5 CTMEN4 CTMEN3 CTMEN2 CTMEN1 CTMENO
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 15-0 CTMEN<15:0>: CTMU Enabled During Conversion bits

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

Note 1: Unimplemented channels are read as ‘0’.
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22.4 Buffer Data Formats

The A/D conversions are fully differential 12-bit values
when MODE12 = 1 (AD1CON1<10>) and 10-bit values
when MODE12 = 0. When absolute fractional or abso-
lute integer formats are used, the results are 12 or
10 bits wide, respectively. When signed decimal format-
ting is used, the conversion also includes a sign bit,
making 12-bit conversions 13 bits wide, and 10-bit

conversions 11 bits wide. The signed decimal format
yields 12-bit and 10-bit values, respectively. The sign bit
(bit 12 or bit 10) is sign-extended to fill the buffer. The
FORM<1:0> bits (AD1CON1<9:8>) select the format.
Figure 22-4 and Figure 22-5 show the data output
formats that can be selected. Table 22-1 through
Table 22-4 show the numerical equivalents for the
various conversion result codes.

FIGURE 22-4: A/D OUTPUT DATA FORMATS (12-BIT)
RAM Contents: d11|d10|d09|d08|d07 |d06 | d05 | d04 | d03 | d02 | dO1 | dOO
Read to Bus:
Integer 0 0 0 0 |d11|d10|d09|d08|d07 |d06|d05 |d04 |d03 |d02|d01 |d00
Signed Integer sO | sO|sO | sO |d11|{d10|d09|d08|d07 |d06 |d05|d04|d03|d02 |d01|d0o0
Fractional (1.15) d11|d10|d09|d08|d07 |d06 |d05|d04 |d03|d02|d01|(d00| © 0 0 0
Signed Fractional (1.15) sO [d11|d10|{d09|d08|d07 |d06 |d05|d04 |d03 |d02|d01|d00| © 0 0

TABLE 22-1: NUMERICAL EQUIVALENTS OF VARIOUS RESULT CODES:
12-BIT INTEGER FORMATS
VIN/VREF 12?&:3}?2’:;:“ 16.-Bit Integer. Format/ 16-Bit.Signed Int(-.:ger Format/
(13-bit result) Equivalent Decimal Value Equivalent Decimal Value
+4095/4096 |0 1111 1111 1111 0000 1111 1111 1111 +4095 0000 1111 1111 1111 +4095
+4094/4096 |0 1111 1111 1110 0000 1111 1111 1110 +4094 0000 1111 1111 1110 +4094
oo
+1/4096 0 1000 0000 0001 0000 0000 0000 0001 +1 0000 0000 0000 0001 +1
0/4096 0 0000 0000 0000 0000 0000 0000 0000 0 0000 0000 0000 0000 0
-1/4096 1 0111 1111 1111 0000 0000 0000 0000 1111 1111 1111 1111 -1
oo
-4095/4096 1 0000 0000 0001 0000 0000 0000 0000 0 1111 0000 0000 0001 -4095
-4096/4096 1 0000 0000 0000 0000 0000 0000 0000 0 1111 0000 0000 0000 -4096
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TABLE 22-2: NUMERICAL EQUIVALENTS OF VARIOUS RESULT CODES:
12-BIT FRACTIONAL FORMATS

VINV 12-Bit 16-Bit Fractional Format/ 16-Bit Signed Fractional Format/
IN/VREF Output Code Equivalent Decimal Value Equivalent Decimal Value
+4095/4096 |0 1111 1111 1111 1111 1111 1111 0000 0.999 0111 1111 1111 1000 0.999
+4094/4096 |0 1111 1111 1110 1111 1111 1110 0000 0.998 0111 1111 1110 1000 0.998
o0
+1/4096 0 0000 0000 0001 0000 0000 0001 0000 0.001 0000 0000 0000 1000 0.001
0/4096 0 0000 0000 0000 0000 0000 0000 0000 0.000 0000 0000 0000 0000 0.000
-1/4096 1 0111 1111 1111 0000 0000 0000 0000 0.000 1111 1111 1111 1000 -0.001
LN )
-4095/4096 |1 0000 0000 0001 0000 0000 0000 0000 0.000 1000 0000 0000 1000 -0.999
-4096/4096 |1 0000 0000 0000 0000 0000 0000 0000 0.000 1000 0000 0000 0000 -1.000
FIGURE 22-5: A/D OUTPUT DATA FORMATS (10-BIT)
RAM Contents: d09 | d08 | d07 | d06 | d05 | dO4 | d03 | d02 | dO1 | dOO
Read to Bus:

Integer 0 0] 0 0 0 | 0 |d09|d08|d07|d06 |d05 |d04 |d03|d02|d01|d00

Signed Integer sO | sO | sO | sO | sO | sO |d09|d08|d07 |d06|d05 |d04|d03 | d02 |d01|d00

Fractional (1.15) | d09 |d08 | d07 | d06 | d05 | d04 | d03 |d02 | d01|d00| © 0 0 0 0 0

Signed Fractional (1.15) sO | d09|d08 |d07 | d06 |d05 | dO4 | d03|d02 [d01|d00| © 0 0 0 0

TABLE 22-3: NUMERICAL EQUIVALENTS OF VARIOUS RESULT CODES:
10-BIT INTEGER FORMATS

VIN/VREF 10'033:3?2':::3' 16_-Bit Integer_ Format/ 16-Bit_Signed Intgger Format/
(11-bit result) Equivalent Decimal Value Equivalent Decimal Value
+1023/1024 011 1111 1111 0000 0011 1111 1111 1023 0000 0001 1111 1111 1023
+1022/1024 011 1111 1110 0000 0011 1111 1110 1022 0000 0001 1111 1110 1022
coe
+1/1024 000 0000 0001 0000 0000 0000 0001 1 0000 0000 0000 0001
0/1024 000 0000 0000 0000 0000 0000 0000 0 0000 0000 0000 0000 0
-1/1024 101 1111 1111 0000 0000 0000 0000 0 1111 1111 1111 1111 -1
cee
-1023/1024 100 0000 0OO1 0000 0000 0000 0000 0 1111 1110 0000 0001 -1023
-1024/1024 100 0000 0000 0000 0000 0000 0000 0 1111 1110 0000 0000 -1024
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FIGURE 25-1: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR
CAPACITANCE MEASUREMENT

PIC24F Device

Timer1 |
. cmMmu
| EDGH1

| Current Source

EDG2

|
[

ANX | A/D Converter
— X
ANy :
.
|
|
CAPP 1~ RPR 'L ___________ s
25.2 Measuring Time time measurements, and how the CTMU and A/D
) ) o modules are related in this application. This example
Time measurements on the pulse width can be similarly also shows both edge events coming from the external
performed using the A/D module’s Internal Capacitor CTEDx pins, but other configurations using internal
(CAD) and a precision resistor for current calibration. edge sources are possible.
Figure 25-2 displays the external connections used for
FIGURE 25-2: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR TIME
MEASUREMENT
PIC24F Device
. cmMu
CTEDXx g'——h EDG1
I | Current Source :
[ cTepx X}———F1EDG2 |
Output Pulse
S I
| ADConverter
ANXx - . |
| I
| CAD |
el
RPR I |
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TABLE 29-6:

DC CHARACTERISTICS: OPERATING CURRENT (IpD)

DC CHARACTERISTICS

Standard Operating Conditions:

Operating temperature:

1.8V to 3.6V PIC24F32KA3XX
2.0V to 5.5V PIC24FV32KA3XX
-40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended

Parameter No. Device Typical | Max ‘ Units | Conditions
IoD Current
D20 PIC24FV32KA3XX 269 450 pA 2.0V
465 830 MA 5.0V 0.5 MIPS,
PIC24F32KA3XX 200 330 LA 1.8V Fosc = 1 MHz("
410 750 MA 3.3V
DC22 PIC24FV32KA3XX 490 — pA 2.0V
880 — MA 5.0V 1 MIPS,
PIC24F32KA3XX 407 — LA 1.8V Fosc = 2 MHz(")
800 — MA 3.3V
DC24 PIC24FV32KA3XX 13.0 20.0 mA 5.0V 16 MIPS,
PIC24F32KA3XX 12.0 18.0 mA 3.3V Fosc = 32 MHz(")
DC26 PIC24FV32KA3XX 2.0 — mA 2.0V
3.5 — mA 5.0V FRC (4 MIPS),
PIC24F32KA3XX 1.80 — mA 1.8V Fosc = 8 MHz
3.40 — mA 3.3V
DC30 PIC24FV32KA3XX 48.0 250 pA 2.0V
75.0 450 pA 5.0V LPRC (15.5 KIPS),
PIC24F32KA3XX 8.1 28 pA 1.8V Fosc = 31 kHz
13.50 150 pA 3.3V
Legend: Unshaded rows represent PIC24F32KA3XX devices and shaded rows represent PIC24FV32KA3XX devices.

Note 1:

Oscillator is in External Clock mode (FOSCSEL<2:0> = 010, FOSC<1:0> = 00).
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31.2 Package Details

The following sections give the technical details of the packages.

20-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

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

N
rirfarfarfararfafarfarcrarca
NOTE1\-/)//j E+1
N I N S N I
1 2 3
D

|

>
|~——
|

— || C

jA
= = N
b e —~—— eB—

Units INCHES

Dimension Limits MIN NOM | MAX
Number of Pins N 20
Pitch e .100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 1130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .980 1.030 1.060
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4

. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-019B
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20-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

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

L1 |=— L
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 6.90 7.20 7.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-072B
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