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NOTES:
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PIC24F16KL402 FAMILY

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

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

SSOP/ | QFN SSOP/ | QFN

SOIC SOIC
CNO 10 7 12 9 | ST Interrupt-on-Change Inputs
CN1 9 6 11 8 | ST
CN2 2 19 2 27 | ST
CN3 3 20 3 28 | ST
CN4 4 1 4 1 | ST
CN5 5 2 5 2 | ST
CN6 6 3 6 3 | ST
CN7 — — 7 4 | ST
CN8 14 11 20 17 | ST
CN9 — — 19 16 | ST
CN11 18 15 26 23 | ST
CN12 17 14 25 22 | ST
CN13 16 13 24 21 | ST
CN14 15 12 23 20 | ST
CN15 — — 22 19 | ST
CN16 — — 21 18 | ST
CN21 13 10 18 15 | ST
CN22 12 9 17 14 | ST
CN23 11 8 16 13 | ST
CN24 — — 15 12 | ST
CN27 — — 14 11 | ST
CN29 8 5 10 7 | ST
CN30 7 4 9 6 | ST
CVREF 17 14 25 22 | ANA | Comparator Voltage Reference Output
CVREF+ 2 19 2 27 | ANA | Comparator Reference Positive Input Voltage
CVREF- 3 20 3 28 | ANA | Comparator Reference Negative Input Voltage
FLTO 17 14 25 22 | ST ECCP1 Enhanced PWM Fault Input
HLVDIN 15 12 23 20 | ST High/Low-Voltage Detect Input
INTO 1 8 16 13 | ST Interrupt O Input
INT1 17 14 25 22 | ST Interrupt 1 Input
INT2 14 1 20 17 | ST Interrupt 2 Input
MCLR 1 18 1 26 [ ST | Master Clear (device Reset) Input. This line is

brought low to cause a Reset.
OSCI 7 4 9 6 | ANA | Main Oscillator Input
0OSCO 8 5 10 7 (0] ANA | Main Oscillator Output
P1A 14 11 20 17 (0] — ECCP1 Output A (Enhanced PWM Mode)
P1B 5 2 21 18 (0] — ECCP1 Output B (Enhanced PWM Mode)
P1C 4 1 22 19 (0] — ECCP1 Output C (Enhanced PWM Mode)
P1D 16 13 18 15 (0] — ECCP1 Output D (Enhanced PWM Mode)
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 12C = 12C™/SMBus input buffer
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3.2 CPU Control Registers

REGISTER 3-1: SR: ALU STATUS REGISTER

U-0

u-0 u-0 u-0 u-0 u-0 u-0 R/W-0

— — — — — — DC

bit 15

bit 8

RW-0®)

R/W-0) R/W-0D R-0 R/W-0 R/W-0 R/W-0 R/W-0

IPL2®

IPL1@ IPLO® RA N oV z C

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 15-9
bit 8

bit 7-5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:
2:

Unimplemented: Read as ‘0’

DC: ALU Half Carry/Borrow bit

1 = A carry-out from the 4™ jow-order bit (for byte-sized data) or 8™ low-order bit (for word-sized data)
of the result occurred

0 = No carry-out from the 4t or 8™ low-order bit of the result has occurred

IPL<2:0>: CPU Interrupt Priority Level (IPL) Status bits(>2)

111 = CPU Interrupt Priority Level is 7 (15); user interrupts disabled

110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is 0 (8)

RA: REPEAT Loop Active bit

1 = REPEAT loop in progress

0 = REPEAT loop not in progress

N: ALU Negative bit

1 = Result was negative

0 = Result was non-negative (zero or positive)

QOV: ALU Overflow bit

1 = Overflow occurred for signed (2's complement) arithmetic in this arithmetic operation
0 = No overflow has occurred

Z: ALU Zero bit

1 = An operation, which effects the Z bit, has set it at some time in the past

0 = The most recent operation, which effects the Z bit, has cleared it (i.e., a non-zero result)

C: ALU Carry/Borrow bit
1 = A carry-out from the Most Significant bit (MSb) of the result occurred
0 = No carry-out from the Most Significant bit (MSb) of the result occurred

~ o~~~ o~ o~

The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

The IPL Status bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority
Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.
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8.0 INTERRUPT CONTROLLER

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 Inter-
rupt Controller, refer to the “dsPIC33/PIC24
Family Reference Manual’, “Interrupts”

(DS39707).

The PIC24F interrupt controller reduces the numerous
peripheral interrupt request signals to a single interrupt
request signal to the CPU. It has the following features:

» Up to eight processor exceptions and
software traps

« Seven user-selectable priority levels

« Interrupt Vector Table (IVT) with up to 118 vectors

» Unique vector for each interrupt or exception
source

» Fixed priority within a specified user priority level

» Alternate Interrupt Vector Table (AIVT) for debug
support

» Fixed interrupt entry and return latencies

8.1 Interrupt Vector Table (IVT)

The IVT is shown in Figure 8-1. The IVT resides in the
program memory, starting at location, 000004h. The
IVT contains 126 vectors, consisting of eight non-mas-
kable trap vectors, plus up to 118 sources of interrupt.
In general, each interrupt source has its own vector.
Each interrupt vector contains a 24-bit wide address.
The value programmed into each interrupt vector loca-
tion is the starting address of the associated Interrupt
Service Routine (ISR).

Interrupt vectors are prioritized in terms of their natural
priority; this is linked to their position in the vector table.
All other things being equal, lower addresses have a
higher natural priority. For example, the interrupt
associated with vector 0 will take priority over interrupts
at any other vector address.

PIC24F16KL402 family devices implement
32 non-maskable traps and unique interrupts; these
are summarized in Table 8-1 and Table 8-2.

8.1.1 ALTERNATE INTERRUPT VECTOR
TABLE (AIVT)

The Alternate Interrupt Vector Table (AIVT) is located
after the IVT, as shown in Figure 8-1. Access to the AIVT
is provided by the ALTIVT control bit INTCON2<15>). If
the ALTIVT bit is set, all interrupt and exception
processes will use the alternate vectors instead of the
default vectors. The alternate vectors are organized in
the same manner as the default vectors.

The AIVT supports emulation and debugging efforts by
providing a means to switch between an application
and a support environment without requiring the
interrupt vectors to be reprogrammed. This feature also
enables switching between applications for evaluation
of different software algorithms at run time. If the AIVT
is not needed, the AIVT should be programmed with
the same addresses used in the IVT.

8.2 Reset Sequence

A device Reset is not a true exception, because the
interrupt controller is not involved in the Reset process.
The PIC24F devices clear their registers in response to
a Reset, which forces the Program Counter (PC) to
zero. The microcontroller then begins program
execution at location, 000000h. The user programs a
QOTOinstruction at the Reset address, which redirects
the program execution to the appropriate start-up
routine.

Note:  Any unimplemented or unused vector
locations in the IVT and AIVT should be
programmed with the address of a default
interrupt handler routine that contains a
RESET instruction.

© 2011-2013 Microchip Technology Inc.
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8.3 Interrupt Control and Status
Registers

Depending on the particular device, the
PIC24F16KL402 family of devices implements up to
28 registers for the interrupt controller:

* INTCON1

* INTCON2

* IFSO0 through IFS5

» |ECO through IEC5

» |IPCO through IPC7, ICP9, IPC12, ICP16, ICP18
and IPC20

* INTTREG

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the
Interrupt Nesting Disable (NSTDIS) bit, as well as the
control and status flags for the processor trap sources.
The INTCONZ2 register controls the external interrupt
request signal behavior and the use of the AlV table.

The IFSx registers maintain all of the interrupt request
flags. Each source of interrupt has a status bit, which is
set by the respective peripherals or external signal, and
is cleared via software.

The IECx registers maintain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

The IPCx registers are used to set the Interrupt Priority
Level for each source of interrupt. Each user interrupt
source can be assigned to one of eight priority levels.

The INTTREG register contains the associated
interrupt vector number and the new CPU Interrupt
Priority Level, which are latched into the Vector
Number (VECNUM<6:0>) and the Interrupt Level
(ILR<3:0>) bit fields in the INTTREG register. The new
Interrupt Priority Level is the priority of the pending
interrupt.

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence listed in
Table 8-2. For example, the INTO (External Interrupt 0)
is depicted as having a vector number and a natural
order priority of 0. The INTOIF status bit is found in
IFS0<0>, the INTOIE enable bit in IEC0<0> and the
INTOIP<2:0> priority bits are in the first position of IPCO
(IPC0<2:0>).

Although they are not specifically part of the interrupt
control hardware, two of the CPU control registers
contain bits that control interrupt functionality. The ALU
STATUS Register (SR) contains the IPL<2:0> bits
(SR<7:5>). These indicate the current CPU Interrupt
Priority Level. The user may change the current CPU
priority level by writing to the IPL bits.

The CORCON register contains the IPL3 bit, which
together with the IPL<2:0> bits, also indicates the cur-
rent CPU priority level. IPL3 is a read-only bit so that
the trap events cannot be masked by the user’s
software.

All interrupt registers are described in Register 8-3
through Register 8-30, in the following sections.

DS30001037C-page 68
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REGISTER 8-20: IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

U-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— NVMIP2 NVMIP1 NVMIPO — — — —
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— AD1IP2 AD1IP1 AD1IPO — U1TXIP2 U1TXIP1 U1TXIPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’

bit 14-12 NVMIP<2:0>: NVM Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 11-7 Unimplemented: Read as ‘0’

bit 6-4 AD1IP<2:0>: A/D Conversion Complete Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2-0 U1TXIP<2:0>: UART1 Transmitter Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
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REGISTER 8-26:

IPC12: INTERRUPT PRIORITY CONTROL REGISTER 12

u-0 u-0 u-0 u-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — BcL2iP2® | BcL2iP1® | BcL2IPO™
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— ssp2ip2® | ssp2ip1® | ssp2ipo® — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-11 Unimplemented: Read as ‘0’
bit 10-8 BCL2IP<2:0>: MSSP2 12C™ Bus Collision Interrupt Priority bits(®)
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 SSP2IP<2:0>: MSSP2 SPI/I2C Event Interrupt Priority bits(?)
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled
bit 3-0 Unimplemented: Read as ‘0’
Note 1. These bits are unimplemented on PIC24FXXKL10X and PIC24FXXKL20X devices.
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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
PIC24F16KL402 family devices consist of two
types of secondary oscillators:
- 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 /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
Configuration bit settings are located in the Configuration
registers in the program memory (for more information,
see Section 23.2 “Configuration Bits”). The Primary
Oscillator  Configuration bits, POSCMD<1:0>
(FOSC<1:0>), and the Initial Oscillator Select
Configuration 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 (unprogrammed) 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 MHz".

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 (FRCDIV) Internal 11 111 1,2
500 kHz FRC Oscillator with Postscaler Internal 11 110 1
(LPFRCDIV)

Low-Power RC Oscillator (LPRC) Internal 11 101

Secondary (Timer1) Oscillator (SOSC) Secondary 00 100

Primary Oscillator (HS) with PLL Module Primary 10 011

(HSPLL)

Primary Oscillator (EC) with PLL Module (ECPLL) Primary 00 011

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. OSCO pin function is determined by the OSCIOFNC Configuration bit.

2. This is the default oscillator mode for an unprogrammed (erased) device.

DS30001037C-page 96
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15.0 TIMER4 MODULE

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
Timers, refer to the “dsPIC33/PIC24
Family Reference Manual’, “Timers”
(DS39704).

The Timer4 module is implemented in
PIC24FXXKL30X/40X devices only. It has the following
features:

 Eight-bit Timer register (TMR4)

» Eight-bit Period register (PR4)

» Readable and writable (all registers)

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMR4 match of PR4

The Timer4 module has a control register shown in
Register 15-1. Timer4 can be shut off by clearing
control bit, TMR4ON (T4CON<2>), to minimize power
consumption. The prescaler and postscaler selection of
Timer4 is controlled by this register.

The prescaler and postscaler counters are cleared

when any of the following occurs:

* A write to the TMRA4 register

» A write to the T4CON register

* Any device Reset (POR, BOR, MCLR or WDT
Reset)

TMR4 is not cleared when T4CON is written.

Figure 15-1 is a simplified block diagram of the Timer4
module.

FIGURE 15-1: TIMER4 BLOCK DIAGRAM
4 1:1t0 1:16
T40UTPS<3:0> ' ’ ————» Set T4IF
Postscaler
2 A
T4CKPS<1:0> o TMR4 Output
» (to PWM)
A TMR4/PR4
Y Reset Match
Fosc/2 ———— 11, 1:4,1:16 —{ TMR4 H‘ Comparator }H PR4 |
Prescaler
8

Internal Data Bus 4

© 2011-2013 Microchip Technology Inc.
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16.0 CAPTURE/COMPARE/PWM
(CCP) AND ENHANCED CCP
MODULES

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 the
Capture/Compare/PWM module, refer to
the “dsPIC33/PIC24 Family Reference
Manual”.

Depending on the particular device, PIC24F16KL402
family devices include up to three CCP and/or ECCP
modules. Key features of all CCP modules include:

» 16-bit input capture for a range of edge events

» 16-bit output compare with multiple output options

» Single-output Pulse-Width Modulation (PWM)
with up to 10 bits of resolution

» User-selectable time base from any available
timer

» Special Event Trigger on capture and compare
events to automatically trigger a range of
peripherals

ECCP modules also include these features:

» Operation in Half-Bridge and Full-Bridge (Forward
and Reverse) modes

* Pulse steering control across any or all Enhanced
PWM pins with user-configurable steering
synchronization

» User-configurable external Fault detect with
auto-shutdown and auto-restart

PIC24FXXKL40X/30X devices instantiate three CCP
modules, one Enhanced (ECCP1) and two standard
(CCP2 and CCP3). All other devices instantiate two
standard CCP modules (CCP1 and CCP2).

16.1 Timer Selection

On all PIC24F16KL402 family devices, the CCP and
ECCP modules use Timer3 as the time base for cap-
ture and compare operations. PWM and Enhanced
PWM operations may use either Timer2 or Timer4.
PWM time base selection is done through the
CCPTMRSO register (Register 16-6).

16.2 CCP I/O Pins

To configure 1/0 pins with a CCP function, the proper
mode must be selected by setting the CCPxM<3:0>
bits.

Where the Enhanced CCP module is available, it may
have up to four PWM outputs depending on the
selected operating mode. These outputs are desig-
nated, P1A through P1D. The outputs that are active
depend on the ECCP operating mode selected. To
configure I/O pins for Enhanced PWM operation, the
proper PWM mode must be selected by setting the
PM<1:0> and CCPxM<3:0> bits.

© 2011-2013 Microchip Technology Inc.
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17.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)

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
MSSP, refer to the “dsPIC33/PIC24
Family Reference Manual”.

The Master Synchronous Serial Port (MSSP) module is
an 8-bit serial interface, useful for communicating with
other peripheral or microcontroller devices. These
peripheral devices may be serial EEPROMSs, Shift
registers, display drivers, A/D Converters, etc. The
MSSP module can operate in one of two modes:
 Serial Peripheral Interface (SPI)
* Inter-Integrated Circuit (IZCT'V')

- Full Master mode

- Slave mode (with general address call)

The SPI interface supports these modes in hardware:

* Master mode

» Slave mode

» Daisy-Chaining Operation in Slave mode

» Synchronized Slave operation

The 12C interface supports the following modes in

hardware:

* Master mode

* Multi-Master mode

» Slave mode with 10-Bit And 7-Bit Addressing and
Address Masking

» Byte NACKing

» Selectable Address and Data Hold and Interrupt
Masking

17.1 1/O Pin Configuration for SPI

In SPI Master mode, the MSSP module will assert con-
trol over any pins associated with the SDOx and SCKx
outputs. This does not automatically disable other digi-
tal functions associated with the pin, and may result in
the module driving the digital I/O port inputs. To prevent
this, the MSSP module outputs must be disconnected
from their output pins while the module is in SPI Master
mode. While disabling the module temporarily may be
an option, it may not be a practical solution in all
applications.

The SDOx and SCKx outputs for the module can be
selectively disabled by using the SDOxDIS and
SCKXxDIS bits in the PADCFG1 register (Register 17-10).
Setting the bit disconnects the corresponding output for a
particular module from its assigned pin.

© 2011-2013 Microchip Technology Inc.
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18.0 UNIVERSAL ASYNCHRONOUS » Fully Integrated Baud Rate Generator (IBRG) with
RECEIVER TRANSMITTER 186'Bd't:ff3";'ef 8 bos
» Baud Rates Ranging from ps to ps a
(UART) 16 MIPS
Note:  This data sheet summarizes the features * Two-Level Deep, First-In-First-Out (FIFO)
of this group of PIC24F devices. It is not Transmit Data Buffer
intended to be a comprehensive refer- » Two-Level Deep, FIFO Receive Data Buffer
ence source. For more information on the « Parity, Framing and Buffer Overrun Error
Universal Asynchronous Receiver Detection
Tran§m|tter, refer to the “dsPIC33/PIC24 « Support for 9-Bit mode with Address Detect
Family Reference Manual”’, “UART” (gth bit = 1)
(DS39708). « Transmit and Receive Interrupts
The Universal Asynchronous Receiver Transmitter » Loopback mode for Diagnostic Support
(UART) module is one of the serial /O modules . Support for Sync and Break Characters

available in this PIC24F device family. The UART is a
full-duplex, asynchronous system that can communicate
with peripheral devices, such as personal computers,

» Supports Automatic Baud Rate Detection
« IrDA Encoder and Decoder Logic

®
LIN/J2602, RS-232 and RS-485 interfaces. This module * 16x Baud Clock Output for IrDA™ Support
also supports a hardware flow control option with the A simplified block diagram of the UART module is
UxCTS and UxRTS pins, and also includes an IrDA® shown in Figure 18-1. The UART module consists of
encoder and decoder. these important hardware elements:
The primary features of the UART module are: » Baud Rate Generator
+ Full-Duplex, 8-Bit or 9-Bit Data Transmission » Asynchronous Transmitter
Through the UxTX and UxRX Pins » Asynchronous Receiver

» Even, Odd or No Parity Options (for 8-bit data)
» One or Two Stop bits
» Hardware Flow Control Option with UxCTS and

UXRTS Pins
FIGURE 18-1: UARTx SIMPLIFIED BLOCK DIAGRAM
Baud Rate Generator

S IrDA® <] UxBCLK

—®| Hardware Flow Control <] UXRTS
X] UxCTS

— UARTx Receiver -t X UXxRX

—»|  UARTXx Transmitter <] UxTX
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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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REGISTER 19-4:  AD1CHS: A/D INPUT SELECT REGISTER

R/W-0 uU-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
CHONB — — — CHOSB3 CHOSB2 CHOSB1 CHOSBO
bit 15 bit 8
R/W-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
CHONA — — — CHOSA3 CHOSA2 CHOSA1 CHOSAO
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 CHONB: Channel 0 Negative Input Select for MUX B Multiplexer Setting bit

1 = Channel 0 negative input is AN1
0 = Channel 0 negative input is VR-

bit 14-12 Unimplemented: Read as ‘0’

bit 11-8 CHOSB<3:0>: Channel 0 Positive Input Select for MUX B Multiplexer Setting bits
1111 = AN15
1110 = AN14
1101 = AN13
1100 = AN12()
1011 = ANT11®
1010 = AN10
1001 = AN9
1000 = Upper guardband rail (0.785 * VDD)
0111 = Lower guardband rail (0.215 * VDD)
0110 = Internal band gap reference (VBG)
0101 = Reserved; do not use
0100 = AN4®)
0011 = AN3®
0010 = AN2(M)
0001 = AN1
0000 = ANO

bit 7 CHONA: Channel 0 Negative Input Select for MUX A Multiplexer Setting bit

1 = Channel 0 negative input is AN1
0 = Channel 0 negative input is VR-

bit 6-4 Unimplemented: Read as ‘0’
bit 3-0 CHOSA<3:0>: Channel 0 Positive Input Select for MUX A Multiplexer Setting bits
Bit combinations are identical to those for CHOSB<3:0> (above).

Note 1. Unimplemented on 14-pin devices; do not use.
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REGISTER 21-1:

CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

u-0 uU-0 u-0 uU-0 uU-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
CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO
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
bit 7

bit 6

bit 5

bit 4-0

Unimplemented: Read as ‘0’
CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit is powered on
0 = CVREF circuit is powered down

CVROE: Comparator VREF Output Enable bit
1 = CVREF voltage level is output on the CVREF pin

0 = CVREF voltage level is disconnected from the CVREF pin

CVRSS: Comparator VREF Source Selection bit

1 = Comparator reference source, CVRSRC = VREF+ — VREF-
0 = Comparator reference source, CVRSRC = AVDD — AVSS

CVR<4:0>: Comparator VREF Value Selection 0 < CVR<4:0> < 31 bits

When CVRSS = 1:

CVREF = (VREF-) + (CVR<4:0>/32) * (VREF+ — VREF-)
When CVRSS = 0:

CVREF = (AVss) + (CVR<4:0>/32) » (AVDD — AVSS)
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22.0 HIGH/LOW-VOLTAGE DETECT
(HLVD)

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
High/Low-Voltage Detect, refer to the
“dsPIC33/PIC24  Family  Reference
Manual”, “High-Level Integration with
Programmable High/Low-Voltage Detect
(HLVD)” (DS39725).

Note:

The High/Low-Voltage Detect module (HLVD) is a
programmable circuit that allows the user to specify
both the device voltage trip point and the direction of
change.

FIGURE 22-1:

An interrupt flag is set if the device experiences an
excursion past the trip point in the direction of change.
If the interrupt is enabled, the program execution will
branch to the interrupt vector address and the software
can then respond to the interrupt.

The HLVD Control register (see Register 22-1)
completely controls the operation of the HLVD module.
This allows the circuitry to be “turned off” by the user
under software control, which minimizes the current
consumption for the device.

HIGH/LOW-VOLTAGE DETECT (HLVD) MODULE BLOCK DIAGRAM

Externally Generated
Trip Point

]

|

|
| I
HLVDIN | HLVDL<3:0> I
I I
I I
I I
| HLVDEN VDIR |
L] L]
I . . I
L] L] ><
I S I
| = Set |
E - HLVDIF
| g |
I I
I I
| Internal Voltage |
Reference
I 1.2V Typical I
I I
I I
I I
| HLVDEN—| |
I L I
Lo a
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TABLE 25-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonis Assembly Syntax Description words | Cycles | Affectod
GOro GOro Expr Go to Address 2 2 None
GOTO Wh Go to Indirect 1 2 None
I NC I NC f f=f+1 1 1 C,DC,N,0V, Z
I NC f, WREG WREG =f+1 1 1 C,DC,N,0V,Z
I NC WS, Wi Wd =Ws + 1 1 1 C,DC,N,0V, Z
I NC2 I NC2 f f=f+2 1 1 C,DC,N,0V, Z
I NC2 f, WREG WREG =f+ 2 1 1 C,DC,N,0V, Z
I NC2 WS, Wi Wd =Ws + 2 1 1 C,DC,N,0V,Z
I OR I OR f f=f.IOR. WREG 1 1 N, Z
I OR f, WREG WREG = f.IOR. WREG 1 1 N, Z
I OR #it10, W Wd =1it10 .IOR. Wd 1 1 N, Z
I OR W, W, Wi Wd = Wb .IOR. Ws 1 1 N, Z
I OR W, #lit5, Wi Wd = Wb .IOR. lit5 1 1 N, Z
LNK LNK #litl4 Link Frame Pointer 1 1 None
LSR LSR f f = Logical Right Shift 1 1 C,N,0v,Z
LSR f, WREG WREG = Logical Right Shift f 1 1 C,N,0v,Z
LSR WS, Wi Wd = Logical Right Shift Ws 1 1 C,N,0v,Z
LSR Wb, Whs, Whd Wnd = Logical Right Shift Wb by Wns 1 1 N, Z
LSR Wb, #l i t5, Whd Wnd = Logical Right Shift Wb by lit5 1 1 N, Z
MoV MoV f, W Move fto Wn 1 1 None
MoV [Wis+Sli t 10], Wad Move [Wns+SIit10] to Wnd 1 1 None
MoV f Move fto f 1 1 N, Z
MoV f, WREG Move f to WREG 1 1 None
MoV #it16, W Move 16-bit Literal to Wn 1 1 None
MOV. b #it8, W Move 8-bit Literal to Wn 1 1 None
MoV wh, f Move Wn to f 1 1 None
MoV Whs, [ Wis+Sl i t 10] Move Wns to [Wns+Slit10] 1 1 None
MoV Wso, Wio Move Ws to Wd 1 1 None
MoV WREG, f Move WREG to f 1 1 None
MOV. D Whs, W Move Double from W(ns):W(ns+1) to Wd 1 2 None
MOV. D W, Wid Move Double from Ws to W(nd+1):W(nd) 1 2 None
MUL MJL. SS Wb, W, Wad {Wnd+1, Wnd} = Signed(Wb) * Signed(Ws) 1 1 None
MUL. SU W, W, Wad {Wnd+1, Wnd} = Signed(Wb) * Unsigned(Ws) 1 1 None
MJL. US Wb, W&, Wad {Wnd+1, Wnd} = Unsigned(Wb) * Signed(Ws) 1 1 None
MUL. WU Wb, W, Wad {Wnd+1, Wnd} = Unsigned(Wb) * Unsigned(Ws) 1 1 None
MJL. SU Wb, #1i t5, wid {Wnd+1, Wnd} = Signed(Wb) * Unsigned(lit5) 1 1 None
MUL. WU Wb, #1i t5, wid {Wnd+1, Wnd} = Unsigned(Wb) * Unsigned(lit5) 1 1 None
MJL f W3:W2 =f* WREG 1 1 None
NEG NEG f f=f+1 1 1 C,DC,N,0V,Z
NEG f, WREG WREG =f+1 1 1 C,DC,N,0V,Z
NEG v, W Wd = Ws + 1 1 1 C,DC, N, 0V, Z
NOP NOP No Operation 1 1 None
NOPR No Operation 1 1 None
POP POP f Pop f from Top-of-Stack (TOS) 1 1 None
POP Wio Pop from Top-of-Stack (TOS) to Wdo 1 1 None
POP. D Whd Pop from Top-of-Stack (TOS) to W(nd):W(nd+1) 1 2 None
POP. S Pop Shadow Registers 1 1 All
PUSH PUSH f Push f to Top-of-Stack (TOS) 1 1 None
PUSH Wso Push Wso to Top-of-Stack (TOS) 1 1 None
PUSH. D Whs Push W(ns):W(ns+1) to Top-of-Stack (TOS) 1 2 None
PUSH. S Push Shadow Registers 1 1 None
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27.0 PACKAGING INFORMATION

27.1 Package Marking Information

14-Lead PDIP (300 mil) Example
(M1 rI 11010y (MO r1rarirey
) 9,9.0.9.0.9.9.9.9.0.9.9,.0.¢ PIC24F04KL100
’ ) 9,.9.9.0.9.90.9.9.0.9.0.9.9.¢ | -I/IP &
o B YYWWNNN o R 1316012

LT e LT

20-Lead PDIP (300 mil) Example

sl e e e e o i i e o e e o oo e e e Yl

XXXXXXXXXXXXXXXXX PIC24F08KL201
XXXXXXXXXXXXXXXXX -IIP
O A\ YYWWNNN O R\ 1316012

I P NP [y N [y Ny P P N N N [ PSS 0 S I SUS [ SS B I

28-Lead SPDIP (.300") Example
T e Y e Y e Y e Y e Y e Y e Y e Y Y e Y e Y e Y | T e O e O e O e O e O e A e O e O e O e Y e Y i Y
XXXXXXXXXXXXXXXXX PIC24F16KL302
O XXXXXXXXXXXXXXXXX -I/SPE3) O
R\ YYWWNNN R 1316012
| PRI B T B P B S B i B e e e LT LT LT S | | PRI B S B P L P B S B P B S B P L B S B TP P B |

Legend: XX...X Product-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2011-2013 Microchip Technology Inc. DS30001037C-page 225



PIC24F16KL402 FAMILY

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

http://www.microchip.com/packaging

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

N
o oo oo o oo o e s s

— | |- D — ] 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 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length .980 1.030 1.060
Tip to Seating Plane L 115 .130 .150
Lead Thickness .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 1430

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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NOTES:
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