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PIC24F16KL402 FAMILY

TABLE 1-4: PIC24F16KL40X/30X FAMILY PINOUT DESCRIPTIONS

Pin Number
20-Pin 28-Pin
Function PDIP/ 20-Pin SPDIP/ 28-Pin 110 Buffer Description

SSOP/ QFN SSOP/ QFN

SOIC SOIC
ANO 2 19 2 27 | ANA | A/D Analog Inputs. Not available on PIC24F16KL30X
AN1 3 20 3 28 I ANA | family devices.
AN2 4 1 4 1 | ANA
AN3 5 2 5 | ANA
AN4 6 3 6 | ANA
AN5 — — 7 | ANA
AN9 18 15 26 23 | ANA
AN10 17 14 25 22 | ANA
AN11 16 13 24 21 | ANA
AN12 15 12 23 20 | ANA
AN13 7 4 9 6 | ANA
AN14 8 5 10 7 | ANA
AN15 9 6 11 8 | ANA
ASCL1 — — 15 12 110 [2c™ | Alternate MSSP1 12C Clock Input/Output
ASDA1 — — 14 11 I/0 12c Alternate MSSP1 12C Data Input/Output
AVDD 20 17 28 25 | ANA | Positive Supply for Analog modules
AVss 19 16 27 24 | ANA | Ground Reference for Analog modules
CCP1 14 11 20 17 I/0 ST CCP1/ECCP1 Capture Input/Compare and PWM

Output
CCP2 15 12 23 20 110 ST CCP2 Capture Input/Compare and PWM Output
CCP3 13 10 19 16 110 ST CCP3 Capture Input/Compare and PWM Output
C1INA 8 5 7 4 | ANA | Comparator 1 Input A (+)
C1INB 7 4 6 3 | ANA | Comparator 1 Input B (-)
C1INC 5 2 5 2 | ANA | Comparator 1 Input C (+)
C1IND 4 1 1 | ANA | Comparator 1 Input D (-)
c10uUT 17 14 25 22 (0] — Comparator 1 Output
C2INA 5 2 5 2 | ANA | Comparator 2 Input A (+)
C2INB 4 1 4 1 | ANA | Comparator 2 Input B (-)
C2INC 8 5 7 4 | ANA | Comparator 2 Input C (+)
C2IND 7 4 6 3 | ANA | Comparator 2 Input D (-)
c20uUT 14 11 20 17 (0] — Comparator 2 Output
CLK 7 4 9 6 | ANA | Main Clock Input
CLKO 8 5 10 7 (0] — System Clock Output
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 12C = 12C™/SMBus input buffer
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TABLE 4-20: PROGRAM SPACE ADDRESS CONSTRUCTION

(Code Execution)

Access Program Space Address
Access Type
Space <23> <22:16> | <15> <14:1> <0>
Instruction Access User 0 PC<22:1> 0

OXX XXXX XXXX XXXX XXXX XXXO0

TBLRD/ TBLWI' User TBLPAG<7:0> | Data EA<15:0>
(Byte/Word Read/Write) OXXX XXXX XXXX XXXX XXXX XXXX
Configuration TBLPAG<7:0> ‘ Data EA<15:0>
IXXX XXXX XXXX XXXX XXXX XXXX
Program Space Visibility | User 0 PSVPAG<7:0>(2) Data EA<14:0>(1)
(Block Remap/Read) 0 XXXX XXXX XXX XXXX XXXX XXXX
Note 1: Data EA<15>is always ‘1’ in this case, but is not used in calculating the program space address. Bit 15 of

the address is PSVPAG<0>.

2:  PSVPAG can have only two values (‘00’ to access program memory and FF to access data EEPROM) on
PIC24F16KL402 family devices.
FIGURE 4-5: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
Program Counter(% 0 Program Counter 0
N
| | 23 Bits | |
[ I
|
(.
EA 1/0
(.
Table Operations® 1/0 TBLPAG ]
-< >l .|
| | 8 Bits | 16 bits
- -
24 Bits | |
I I
[ |
| l Select |
elecC
| [1]) EA | o
Program Space Visibility™ v | |
) 0 PSVPAG
(Remapping) | |
| [ 8 bits T 15 bits | V|
N L
! T ! 23 Bits T
User/Configuration Byte Select
Space Select
Note 1: The LSb of program space addresses is always fixed as ‘0’ in order to maintain word alignment of data in the
program and data spaces.
2: Table operations are not required to be word-aligned. Table read operations are permitted in the configuration
memory space.

© 2011-2013 Microchip Technology Inc.
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6.0 DATA EEPROM MEMORY

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 Data
EEPROM, refer to the “dsPIC33/PIC24
Family Reference Manual’, “Data
EEPROM” (DS39720).

The data EEPROM memory is a Nonvolatile Memory
(NVM), separate from the program and volatile data
RAM. Data EEPROM memory is based on the same
Flash technology as program memory, and is optimized
for both long retention and a higher number of
erase/write cycles.

The data EEPROM is mapped to the top of the user pro-
gram memory space, with the top address at program
memory address, 7FFFFFh. For PIC24FXXKL4XX
devices, the size of the data EEPROM is 256 words
(7TFFEOOh to 7FFFFFh). For PIC24FXXKL3XX devices,
the size of the data EEPROM is 128 words (7FFFOO0h to
7FFFFFh). The data EEPROM is not implemented in
PIC24F08KL20X or PIC24F04KL10X devices.

The data EEPROM is organized as 16-bit wide
memory. Each word is directly addressable, and is
readable and writable during normal operation over the
entire VDD range.

Unlike the Flash program memory, normal program
execution is not stopped during a data EEPROM
program or erase operation.

The data EEPROM programming operations are
controlled using the three NVM Control registers:

* NVMCON: Nonvolatile Memory Control Register
*« NVMKEY: Nonvolatile Memory Key Register
« NVMADR: Nonvolatile Memory Address Register

EXAMPLE 6-1:

6.1 NVMCON Register

The NVMCON register (Register 6-1) is also the primary
control register for data EEPROM program/erase
operations. The upper byte contains the control bits
used to start the program or erase cycle, and the flag bit
to indicate if the operation was successfully performed.
The lower byte of NVMCOM configures the type of NVM
operation that will be performed.

6.2 NVMKEY Register

The NVMKEY is a write-only register that is used to
prevent accidental writes or erasures of data EEPROM
locations.

To start any programming or erase sequence, the
following instructions must be executed first, in the
exact order provided:

1. Write 55h to NVMKEY.
2. Write AAh to NVMKEY.

After this sequence, a write will be allowed to the
NVMCON register for one instruction cycle. In most
cases, the user will simply need to set the WR bit in the
NVMCON register to start the program or erase cycle.
Interrupts should be disabled during the unlock
sequence.

The MPLAB® C30 C compiler provides a defined library
procedure (builtin_wite_NVM to perform the
unlock sequence. Example 6-1 illustrates how the
unlock sequence can be performed with in-line
assembly.

DATA EEPROM UNLOCK SEQUENCE

/I Disable Interrupts For 5 instructions
asmvol atile("disi #5");
//1ssue Unl ock Sequence

asmvol atile ("mv #0x55, W \n"
"mov WD, NVMKEY \n"
"nov #O0xAA, W \n"
"mov WL, NVMKEY \n");

/1 Perform Wite/Erase operations

asmvol atile ("bset NVMCON, #WR \n"
"nop \n"
"nop \n");

© 2011-2013 Microchip Technology Inc.
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9.3 Control Registers The Clock Divider register (Register 9-2) controls the
) ) ) features associated with Doze mode, as well as the
The operation of the oscillator is controlled by three postscaler for the FRC oscillator.

Special Function Registers (SFRs):
P 9 ( ) The FRC Oscillator Tune register (Register 9-3) allows

+ OSCCON the user to fine-tune the FRC oscillator. OSCTUN
+ CLKDIV functionality has been provided to help customers com-
« OSCTUN pensate for temperature effects on the FRC frequency
The OSCCON register (Register 9-1) is the main over a wide range of temperatures. The tuning step-size
control register for the oscillator. It controls clock is an approximation and is neither characterized nor
source switching and allows the monitoring of clock tested.

sources.

REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 R-0,HSC  R-0,HSC  R-0,HSC u-0 R/W-x®) R/W-x@) R/W-x®
— COSsC2 COSC1 Ccosco — NOSC2 NOSC1 NOSCO
bit 15 bit 8
R/SO-0, HSC u-0 R-0, HSC® U-0 R/CO-0,HS  R/W-0® R/W-0 R/W-0
CLKLOCK — LOCK — CF SOSCDRV SOSCEN OSWEN
bit 7 bit 0
Legend: HSC = Hardware Settable/Clearable bit
HS = Hardware Settable bit 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 Unimplemented: Read as ‘0’

bit 14-12 COSC<2:0>: Current Oscillator Selection bits

111 = 8 MHz Fast RC Oscillator with Postscaler (FRCDIV)
110 = 500 kHz Low-Power Fast RC Oscillator (FRC) with Postscaler (LPFRCDIV)
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 = 8 MHz FRC Oscillator with Postscaler and PLL module (FRCPLL)
000 = 8 MHz FRC Oscillator (FRC)
bit 11 Unimplemented: Read as ‘0’
bit 10-8 NOSC<2:0>: New Oscillator Selection bits(?)
111 = 8 MHz Fast RC Oscillator with Postscaler (FRCDIV)
110 = 500 kHz Low-Power Fast RC Oscillator (FRC) with Postscaler (LPFRCDIV)
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 = 8 MHz FRC Oscillator with Postscaler and PLL module (FRCPLL)
000 = 8 MHz FRC Oscillator (FRC)

Note 1: Reset values for these bits are determined by the FNOSC<2:0> Configuration bits.
2. Also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.

3. When SOSC is selected to run from a digital clock input rather than an external crystal (SOSCSRC = 0),
this bit has no effect.

© 2011-2013 Microchip Technology Inc. DS30001037C-page 97
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REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER (CONTINUED)

bit 7

bit 6
bit 5

bit 4
bit 3

bit 2

bit 1

bit 0

Note 1:

CLKLOCK: Clock Selection Lock Enable bit

If FSCM is Enabled (FCKSM1 = 1):
1 = Clock and PLL selections are locked
0 = Clock and PLL selections are not locked and may be modified by setting the OSWEN bit

If FSCM is Disabled (FCKSM1 = 0):
Clock and PLL selections are never locked and may be modified by setting the OSWEN bit.

Unimplemented: Read as ‘0’
LOCK: PLL Lock Status bit®

1 = PLL module is in lock or the PLL module start-up timer is satisfied
0 = PLL module is out of lock, the PLL start-up timer is running or PLL is disabled

Unimplemented: Read as ‘0’

CF: Clock Fail Detect bit

1 = FSCM has detected a clock failure

0 = No clock failure has been detected

SOSCDRYV: Secondary Oscillator Drive Strength bit(®)

1 = High-power SOSC circuit is selected
0 = Low/high-power select is done via the SOSCSRC Configuration bit

SOSCEN: 32 kHz Secondary Oscillator (SOSC) Enable bit

1 = Enables secondary oscillator
0 = Disables secondary oscillator

OSWEN: Oscillator Switch Enable bit

1 = Initiates an oscillator switch to the clock source specified by the NOSC<2:0> bits
0 = Oscillator switch is complete

Reset values for these bits are determined by the FNOSC<2:0> Configuration bits.
Also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.

When SOSC is selected to run from a digital clock input rather than an external crystal (SOSCSRC = 0),
this bit has no effect.
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REGISTER 11-1:

ANSA: PORTA ANALOG SELECTION REGISTER

U-0 uU-0 uU-0 u-0 U-0 U-0 u-0 u-0
bit 15 bit 8
u-0 u-0 U-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1
— — — — ANSA3 ANSA2 ANSA1 ANSAO
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 15-4
bit 3-0

REGISTER 11-2:

Unimplemented: Read as ‘0’
ANSA<3:0>: Analog Select Control bits

1 = Digital input buffer is not active (use for analog input)
0 = Digital input buffer is active

ANSB: PORTB ANALOG SELECTION REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 uU-0 uU-0 uU-0 u-0
ANSB15 ANSB14 | ANSB13(® | ANSB12( — — — —
bit 15 bit 8
U-0 U-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — ANSB4 ANSB3®@ | ANsB2( | ANSB1® | ANsBO®
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 15-12 ANSB<15:12>: Analog Select Control bits()
1 = Digital input buffer is not active (use for analog input)
0 = Digital input buffer is active
bit 11-5 Unimplemented: Read as ‘0’
bit 4-0 ANSB<4:0>: Analog Select Control bits(®
1 = Digital input buffer is not active (use for analog input)
0 = Digital input buffer is active
Note 1: ANSB<13:12,2:0> are unimplemented on 14-pin devices.

2. ANSB<3> is unimplemented on 14-pin and 20-pin devices.

© 2011-2013 Microchip Technology Inc.
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REGISTER 16-1: CCPxCON: CCPx CONTROL REGISTER (STANDARD CCP MODULES)

uU-0 uU-0 U-0 U-0 u-0 u-0 U-0 U-0
bit 15 bit 8
u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DCxB1 DCxBO ccPxm3® | cepxm2® | cepxm1® | cecpxmo®
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 15-6 Unimplemented: Read as ‘0’
bit 5-4 DCxB<1:0>: PWM Duty Cycle Bit 1 and Bit 0 for CCPx Module bits
Capture and Compare modes:
Unused.
PWM mode:

These bits are the two Least Significant bits (bit 1 and bit 0) of the 10-bit PWM duty cycle. The eight
Most Significant bits (DCxB<9:2>) of the duty cycle are found in CCPRxL.

bit 3-0 CCPxM<3:0>: CCPx Module Mode Select bits(?)

1111 = Reserved

1110 = Reserved

1101 = Reserved

1100 = PWM mode

1011 = Compare mode: Special Event Trigger; resets timer on CCPx match (CCPxIF bit is set)

1010 = Compare mode: Generates software interrupt on compare match (CCPxIF bit is set, CCPx pin
reflects 1/O state)

1001 = Compare mode: Initializes CCPx pin high; on compare match, forces CCPx pin low (CCPxIF
bit is set)

1000 = Compare mode: Initializes CCPx pin low; on compare match, forces CCPx pin high (CCPxIF bit is
set)

0111 = Capture mode: Every 16th rising edge

0110 = Capture mode: Every 4th rising edge

0101 = Capture mode: Every rising edge

0100 = Capture mode: Every falling edge

0011 = Reserved

0010 = Compare mode: Toggles output on match (CCPxIF bit is set)

0001 = Reserved

0000 = Capture/Compare/PWM is disabled (resets CCPx module)

Note 1. CCPxM<3:0>= 1011 will only reset the timer and not start the A/D conversion on a CCPx match.

DS30001037C-page 128 © 2011-2013 Microchip Technology Inc.
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FIGURE 17-1: MSSPx BLOCK DIAGRAM (SPI MODE)

Internal Data Bus

SDIx ~
= L SSPxSR Shift Clock
bit 0
SDOx
?
SSx
SSx Control Enable
Edge
Select
2
Clock Select
SSPM<3:0> SSszDD<7:0>
: 4
SMP'CZKE TMR2 Output) {
SCKx * 2 / Baud
@ e Edge Rate
Select Generator
Prescaler |TOSC
4,16, 64
Data to TXx/RXx in SSPxSR
TRISX bit

Note: Refer to the device data sheet for pin multiplexing.

FIGURE 17-2: SPI MASTER/SLAVE CONNECTION

SPI Slave SSPM<3:0> = 010x

| | |
| | |
| SDOX| _ !SDIx |
| | o | |
| | | |
! Serial Input Buffer ! ! Serial Input Buffer !
: (SSPXBUF) : : (SSPXBUF) :
| | | |
| | | |
| | | |
| | | |
! Shift Register SDIx! ' SDOx Shift Register !
: (SSPxSR) — ' (SSPxSR) :
| | | |
| | | |
LSb MSb
! MSb I Serial Clock ! LSb !
l SCK 1 SCKx |
: PROCESSOR 1 ! ! PROCESSOR 2 :
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REGISTER 17-3: SSPxCON1: MSSPx CONTROL REGISTER 1 (SPI MODE)

uU-0 uU-0 U-0 U-0 u-0 u-0 U-0 U-0
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
WCOL sspov® | sSSPEN®@ CKP ssPM3® | sspM2® | ssPm1@® | sspmo®
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 Unimplemented: Read as ‘0’
bit 7 WCOL.: Write Collision Detect bit
1 = The SSPxBUF register is written while it is still transmitting the previous word (must be cleared
in software)
0 = No collision
bit 6 SSPOV: MSSPx Receive Overflow Indicator bit™®)

SPI Slave mode:

1 = A new byte is received while the SSPxBUF register is still holding the previous data. In case of over-
flow, the data in SSPxSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPxBUF, even if only transmitting data, to avoid setting overflow (must be cleared in software).

0 = No overflow
bit 5 SSPEN: MSSPx Enable bit®

1 = Enables serial port and configures SCKx, SDOx, SDIx and SSx as serial port pins
0 = Disables serial port and configures these pins as 1/0 port pins

bit 4 CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level
0 = Idle state for clock is a low level

bit 3-0 SSPM<3:0>: MSSPx Mode Select bits(®)
1010 = SPI Master mode, Clock = Fosc/(2 * ([SSPxADD] + 1))

0101 = SPI Slave mode, Clock = SCKXx pin; SSx pin control is disabled, SSx can be used as an I/O pin

0100 = SPI Slave mode, Clock = SCKx pin; SSx pin control is enabled
0011 = SPI Master mode, Clock = TMR2 output/2

0010 = SPI Master mode, Clock = FOsc/32

0001 = SPI Master mode, Clock = FOsc/8

0000 = SPI Master mode, Clock = FOsc/2

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by

writing to the SSPxBUF register.
2. When enabled, these pins must be properly configured as input or output.

w

4: SSPxADD value of 0 is not supported when the Baud Rate Generator is used in SPI mode.

Bit combinations not specifically listed here are either reserved or implemented in I2C mode only.

© 2011-2013 Microchip Technology Inc. DS30001037C-page 141
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REGISTER 17-4:  SSPxCON1: MSSPx CONTROL REGISTER 1 (I°C™ MODE)

U-0 U-0 u-0 U-0 u-0 u-0 uU-0 uU-0
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
WCOL SSPOV SSPEN® CKP SsPM3®@ | sspm2® | ssPM1@ | ssPmo@
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  Unimplemented: Read as ‘0’
bit 7 WCOL: Write Collision Detect bit
In Master Transmit mode:
1= A write to the SSPxBUF register was attempted while the I2C conditions were not valid for a
transmission to be started (must be cleared in software)
0 = No collision
In Slave Transmit mode:
1 = The SSPxBUF register is written while it is still transmitting the previous word (must be cleared in software)
0 = No collision
In Receive mode (Master or Slave modes):
This is a “don’t care” bit.
bit 6 SSPOV: MSSPx Receive Overflow Indicator bit
In Receive mode:
1 = Abyte is received while the SSPxBUF register is still holding the previous byte (must be cleared in software)
0 = No overflow
In Transmit mode:
This is a “don’t care” bit in Transmit mode.
bit 5 SSPEN: MSSPx Enable bit()
1 = Enables the serial port and configures the SDAx and SCLx pins as the serial port pins
0 = Disables the serial port and configures these pins as I/O port pins
bit 4 CKP: SCLx Release Control bit
In Slave mode:
1 = Releases clock
0 = Holds clock low (clock stretch); used to ensure data setup time
In Master mode:
Unused in this mode.
bit3-0  SSPM<3:0>: MSSPx Mode Select bits®
1111 = I?C Slave mode, 10-bit address with Start and Stop bit interrupts is enabled
1110 = I?C Slave mode, 7-bit address with Start and Stop bit interrupts is enabled
1011 = I°C Firmware Controlled Master mode (Slave Idle)
1000 = I2C Master mode, Clock = Fosc/(2 * ([SSPXADD] + 1))
0111 = I2C Slave mode, 10-bit address
0110 = I2C Slave mode, 7-bit address
Note 1. When enabled, the SDAx and SCLx pins must be configured as inputs.
2. Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.
3:  SSPxADD values of 0, 1 or 2 are not supported when the Baud Rate Generator is used with 12C mode.
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REGISTER 18-1: UxMODE: UARTx MODE REGISTER

R/W-0 u-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0() R/W-0®)
UARTEN — USIDL IREN® RTSMD — UEN"1 UENO
bit 15 bit 8
R/C-0, HC R/W-0 R/W-0, HC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WAKE LPBACK ABAUD RXINV BRGH PDSELA1 PDSELO STSEL
bit 7 bit 0
Legend: C = Clearable bit 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 UARTEN: UARTx Enable bit
1 = UARTXx is enabled; all UARTX pins are controlled by UARTXx as defined by UEN<1:0>
0 = UARTXx is disabled; all UARTXx pins are controlled by port latches, UARTx power consumption is
minimal
bit 14 Unimplemented: Read as ‘0’
bit 13 USIDL: UARTX Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12 IREN: IrDA® Encoder and Decoder Enable bit(®)
1 = IrDA encoder and decoder are enabled
0 = IrDA encoder and decoder are disabled
bit 11 RTSMD: Mode Selection for UxRTS Pin bit
1 = UxRTS pin is in Simplex mode
0 = UxRTS pin is in Flow Control mode
bit 10 Unimplemented: Read as ‘0’
bit 9-8 UEN<1:0>: UARTx Enable bits(®)
11 = UxTX, UxRX and UxBCLK pins are enabled and used; UxCTS pin is controlled by port latches
10 = UxTX, UxRX, UxCTS and UxRTS pins are enabled and used
01 = UxTX, UxRX and UxRTS pins are enabled and used; UxCTS pin is controlled by port latches
00 = UxTX and UxRX pins are enabled and used; UxCTS and UXxRTS/UxBCLK pins are controlled by
port latches
bit 7 WAKE: Wake-up on Start Bit Detect During Sleep Mode Enable bit
1 = UARTXx will continue to sample the UxRX pin; interrupt is generated on the falling edge, bit is
cleared in hardware on the following rising edge
0 = No wake-up is enabled
bit 6 LPBACK: UARTx Loopback Mode Select bit
1 = Enables Loopback mode
0 = Loopback mode is disabled
bit 5 ABAUD: Auto-Baud Enable bit
1 = Enables baud rate measurement on the next character — requires reception of a Sync field (55h);
cleared in hardware upon completion
0 = Baud rate measurement is disabled or completed
bit 4 RXINV: Receive Polarity Inversion bit
1 = UxRX Idle state is ‘0’
0 = UxRX Idle state is ‘1’
Note 1: This feature is is only available for the 16x BRG mode (BRGH = 0).

Bit availability depends on pin availability.
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21.0 COMPARATOR VOLTAGE
REFERENCE

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
Comparator Voltage Reference, refer to the
“dsPIC33/PIC24 Family Reference Man-
ual’, “Comparator \oltage Reference
Module” (DS39709).

FIGURE 21-1:

21.1 Configuring the Comparator

Voltage Reference

The comparator voltage reference module is controlled
through the CVRCON register (Register 21-1). The
comparator voltage reference provides a range of
output voltages, with 32 distinct levels.

The comparator voltage reference supply voltage can
come from either VDD and Vss, or the external VREF+
and VRer-. The voltage source is selected by the
CVRSS bit (CVRCON<5>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF output.

COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
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REGISTER 23-3:

FOSCSEL: OSCILLATOR SELECTION CONFIGURATION REGISTER

R/P-1 R/P-1 R/P-1 uU-0 u-0 R/P-0 R/P-0 R/P-1

IESO LPRCSEL | SOSCSRC — — FNOSC2 FNOSC1 FNOSCO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

P = Programmable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

bit 7

bit 6

bit 5

bit 4-3
bit 2-0

IESO: Internal External Switchover bit

1 = Internal External Switchover mode is enabled (Two-Speed Start-up is enabled)
0 = Internal External Switchover mode is disabled (Two-Speed Start-up is disabled)

LPRCSEL.: Internal LPRC Oscillator Power Select bit

1 = High-Power/High-Accuracy mode
0 = Low-Power/Low-Accuracy mode

SOSCSRC: Secondary Oscillator Clock Source Configuration bit

1 = SOSC analog crystal function is available on the SOSCI/SOSCO pins
0 = SOSC crystal is disabled; digital SCLKI function is selected on the SOSCO pin

Unimplemented: Read as ‘0’
FNOSC<2:0>: Oscillator Selection bits

111 = 8 MHz FRC Oscillator with Divide-by-N (FRCDIV)

110 =500 kHz Low-Power FRC Oscillator with Divide-by-N (LPFRCDIV)

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (HS+PLL, EC+PLL)

010 = Primary Oscillator (XT, HS, EC)

001 = 8 MHz FRC Oscillator with Divide-by-N with PLL module (FRCDIV+PLL)
000 = 8 MHz FRC Oscillator (FRC)

© 2011-2013 Microchip Technology Inc.
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REGISTER 23-6: FPOR: RESET CONFIGURATION REGISTER

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 U-0 R/P-1 R/P-1
MCLRE® | BORV1@ | BORVO® | 12C1SEL®) | PWRTEN — BOREN1 BORENO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 MCLRE: MCLR Pin Enable bit(")
1 = MCLR pin is enabled; RA5 input pin is disabled
0 = RA5 input pin is enabled; MCLR is disabled
bit 6-5 BORV<1:0>: Brown-out Reset Enable bits(®
11 = Brown-out Reset is set to the low trip point
10 = Brown-out Reset is set to the middle trip point
01 = Brown-out Reset is set to the high trip point
00 = Downside protection on POR is enabled (Low-Power BOR is selected)
bit 4 I2C1SEL: Alternate MSSP1 I2C™ Pin Mapping bit(®)
1 = Default location for SCL1/SDA1 pins (RB8 and RB9)
0 = Alternate location for SCL1/SDA1 pins (ASCL1/RB6 and ASDA1/RB5)
bit 3 PWRTEN: Power-up Timer Enable bit
1 = PWRT is enabled
0 = PWRT is disabled
bit 2 Unimplemented: Read as ‘0’
bit 1-0 BOREN<1:0>: Brown-out Reset Enable bits

11 = BORis enabled in hardware; SBOREN bit is disabled

10 = BOR is enabled only while device is active and disabled in Sleep; SBOREN bit is disabled
01 = BOR is controlled with the SBOREN bit setting

00 = BOR is disabled in hardware; SBOREN bit is disabled

Note 1: The MCLRE fuse can only be changed when using the VPP-Based ICSP™ mode entry. This prevents a
user from accidentally locking out the device from the low-voltage test entry.
2. Refer to Table 26-5 for BOR trip point voltages.
3: Implemented in 28-pin devices only. This bit position must be programmed (= 1) in all other devices for 12c
functionality to be available.
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FIGURE 26-4: EXTERNAL CLOCK TIMING
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TABLE 26-18: EXTERNAL CLOCK TIMING REQUIREMENTS

Standard Operating Conditions: 1.8V to 3.6V
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrsm Sym Characteristic Min Typ(l) Max | Units Conditions
0S10 |Fosc |External CLKI Frequency DC — 32 MHz |EC
(External clocks allowed 4 — 8 MHz |ECPLL
only in EC mode)
Oscillator Frequency 0.2 — 4 MHz | XT
4 — 25 MHz |HS
4 — 8 MHz |HSPLL
31 — 33 kHz |SOSC
0S20 |Tosc |Tosc = 1/Fosc — — — — | See Parameter OS10 for
Fosc value
0S25 |Tey Instruction Cycle Time® 62.5 — DC ns
OS30 |TosL, |External Clockin (OSCI) | 0.45x Tosc — — ns |EC
TosH |High or Low Time
0S31 |TosR, |External Clock in (OSCI) — — 20 ns |EC
TosF |Rise or Fall Time
0S40 |TckR |CLKO Rise Time®) — 6 10 ns
0S41 |TckF  |CLKO Fall Time®) — 6 10 ns

Note 1: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.

2. Instruction cycle period (TcY) equals two times the input oscillator time base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator
operation and/or higher than expected current consumption. All devices are tested to operate at “Min.”
values with an external clock applied to the OSCI/CLKI pin. When an external clock input is used, the
“Max.” cycle time limit is “DC” (no clock) for all devices.

3. Measurements are taken in EC mode. The CLKO signal is measured on the OSCO pin. CLKO is low for
the Q1-Q2 period (1/2 Tcy) and high for the Q3-Q4 period (1/2 Tcy).
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

* Local Sales Office

» Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://microchip.com/support
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